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Description

TECHNICAL FIELD

[0001] The present disclosure pertains to enabling in-band interrupt operations over a shared control data bus without
the need for a dedicated interrupt lines or pins.

BACKGROUND

[0002] The Inter-Integrated Circuit serial bus, which may also be referred to as the I2C bus or the PC bus, is a serial
single-ended computer bus that was intended for use in connecting low-speed peripherals to a processor. The I2C bus
is a multi-master bus in which each device can serve as a master and a slave for different messages transmitted on the
I2C bus. The I2C bus can transmit data using only two bidirectional open-drain connectors, including a Serial Data Line
(SDA) and a Serial Clock Line (SCL). The connectors typically include signal wires that are terminated by pull-up resistors.
[0003] Protocols governing I2C bus operations define basic types of messages, each of which begins with a START
and ends with a STOP. The I2C bus uses 7-bit addressing and defines two types of nodes. A master node is a node
that generates the clock and initiates communication with slave nodes. A slave node is a node that receives the clock
and responds when addressed by the master. The I2C bus is a multi-master bus, which means any number of master
nodes can be present. Additionally, master and slave roles may be changed between messages (i.e., after a STOP is sent).
[0004] In the context of a camera implementation, unidirectional transmissions may be used to capture an image from
a sensor and transmit such image data to memory in a baseband processor, while control data may be exchanged
between the baseband processor and the sensor as well as other peripheral devices. In one example, a Camera Control
Interface (CCI) protocol may be used for such control data between the baseband processor and the image sensor
(and/or one or more slave nodes). In one example, the CCI protocol may be implemented over an I2C serial bus between
the image sensor and the baseband processor. A CCI extended (CCIe) protocol has been defined to extend the throughput
over the I2C bus.
[0005] Within the CCIe protocol, interrupts are used to allow a slave node to indicate to the master node that it wishes
to use the bus. A mechanism is needed to permit slave nodes to send such interrupts to the master node. Traditional
12C or Camera Control Interface based camera systems use separate interrupt (IRQ) lines for each slave node, which
increases device cost due to the large number of pins. The concept of a separate interrupt pin for each slave node
means that each slave node must have a single dedicate interrupt pin.
[0006] Consequently, it would be desirable to eliminate the use of dedicated interrupt pins in master and slave nodes
sharing a bus for CCIe implementations.
[0007] Patent document US6609167 discloses a method for communicating data and control from a host computer
to a device. A heartbeat message is used to poll the status of the device, the device can reply to the polling with an alert
message.

SUMMARY

[0008] The following presents a simplified summary of one or more aspects of the present disclosure, in order to
provide a basic understanding of such aspects. This summary is not an extensive overview of all contemplated features
of the disclosure, and is intended neither to identify key or critical elements of all aspects of the disclosure nor to delineate
the scope of any or all aspects of the disclosure. Its sole purpose is to present some concepts of one or more aspects
of the disclosure in a simplified form as a prelude to the more detailed description that is presented later.
[0009] In various aspects, a method operational on a master device includes controlling data transmissions over a
bus from a master device, where data bits are transcoded into symbols for transmission across two lines of the bus and
a clock signal is embedded within symbol transitions of the data transmissions, and providing an interrupt period, during
which one or more slave devices coupled to the bus can assert an interrupt request on a first line of the bus, while a
"heartbeat" word is being transmitted by the master device over the bus. The heartbeat word may be transmitted peri-
odically to enable synchronization of slave devices, which extract a clock signal from transmissions sent by the master
device over the first line and a second line of the bus.
[0010] In an aspect, the interrupt request is an indicator that the asserting slave device wishes to request some action
by the master device.
[0011] In an aspect, the master device may monitor for an interrupt request from a slave device during the interrupt
period. The master device may perform a scan of the slave devices over the bus to identify a slave device asserting the
interrupt request. The master device may receive an indicator from the asserting slave device over the first line.
[0012] In an aspect, a slave device may assert an interrupt request by pulling down the first line during the interrupt
period. The slave device may mask the first line during the interrupt period for purposes of decoding the transcoded
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data bits received over the bus.
[0013] In an aspect, a slave identifier scan response period may be provided, during which one or more slave devices
coupled to the bus can provide their unique identifier over a first line of the bus, within part of a slave identifier scan
initiated by the master device over the first line and a second line of the bus.
[0014] In an aspect, a data read period may be defined in which a previously identified slave device is allowed to
transmit data over a first line of the bus while the master device sends a global read clock over a second line of the bus.
The global read clock may be a double data rate clock.
[0015] In various aspects, device includes a bus having a first line and a second line, a master device coupled to the
bus and controlling data transmissions over the bus, and one or more slave devices are coupled to the bus. The master
device may control data transmissions over the bus, where data bits are transcoded into symbols for transmission across
two lines of the bus and a clock signal is embedded within symbol transitions of the data transmissions. The master
device may provide an interrupt period, during which one or more slave devices coupled to the bus can assert an interrupt
request on a first line of the bus, within part of a heartbeat transmission by the master device over the first line and a
second line of the bus.
[0016] In various aspects, a method operational on a slave device includes receiving data transmissions over a bus
from a master device, where data bits are transcoded into symbols for transmission across two lines of the bus, a clock
signal is embedded within symbol transitions of the data transmissions, and an interrupt period is defined within the
symbols received over the bus, and asserting an interrupt request on a first line of the bus while receiving a heartbeat
transmission from the master device over the first line and a second line of the bus.
[0017] In an aspect, the interrupt request is an indicator that the asserting slave device wishes to request some action
by the master device. The interrupt request may be asserted by pulling down the first line during the interrupt period.
[0018] In an aspect, the first line may be internally masked during the interrupt period for purposes of decoding the
transcoded data bits received over the bus.
[0019] In an aspect, a slave identifier scan request may be received from the master device over a first line and a
second line of the bus, and a unique slave identifier may be provided over a first line of the bus within part of a slave
identifier scan slave identifier scan response period provided by the slave identifier scan request.
[0020] In an aspect, data may be sent over a first line of the bus during a data read period, defined by the master
device, in which a previously identified slave device is allowed to transmit data over a first line of the bus while the while
the master device sends a global read clock over a second line of the bus.
[0021] In various aspects, a slave device, includes a bus interface for coupling to a first line and a second line, a
processing circuit coupled to the bus interface. The processing circuit may be configured to receive data transmissions
over a bus from a master device, where data bits are transcoded into symbols for transmission across two lines of the
bus, a clock signal is embedded within symbol transitions of the data transmissions, and an interrupt period is defined
within the symbols received over the bus. The processing circuit may be configured to assert an interrupt request on a
first line of the bus while receiving a heartbeat transmission from the master device over the first line and a second line
of the bus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Various features, nature and advantages may become apparent from the detailed description set forth below
when taken in conjunction with the drawings in which like reference characters identify correspondingly throughout.

FIG. 1 depicts an apparatus employing a data link between integrated circuit devices that selectively operates
according to one of plurality of available standards
FIG. 2 is a block diagram illustrating a device having a baseband processor and an image sensor and implementing
an image data bus and a control data bus.
FIG. 3 is a diagram that illustrates a simplified system architecture for an apparatus employing a data link between
IC devices according to certain aspects disclosed herein.
FIG. 4 is a block diagram illustrating how a single wire IRQ bus may be shared by a plurality of slave devices and
one or more master devices according to certain aspects disclosed herein.
FIG. 5 illustrates examples of different IRQ signals that may be assigned or associated with different groups according
to certain aspects disclosed herein.
FIG. 6 illustrates monitoring for IRQ signals and identification of an IRQ-asserting slave device by a master device
according to certain aspects disclosed herein.
FIG. 7 illustrates a first technique that can avoid simultaneous assertions of IRQs on a shared single line IRQ bus
according to certain aspects disclosed herein.
FIG. 8 illustrates a second technique that can handle simultaneous assertions of IRQs on a shared single line IRQ
bus according to certain aspects disclosed herein.
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FIG. 9 illustrates timing associated with a shortest IRQ signal length.
FIG. 10 is a block diagram illustrating a plurality of slave devices that may be configured for in-band interrupt
according to certain aspects disclosed herein.
FIG. 11 is a timing diagram illustrating an I2C one byte write data operation.
FIG. 12 is a timing chart illustrating an example of data transmissions on a serial bus in accordance with CCIe
protocols.
FIG. 13 is a timing diagram illustrating the potential occurrence of a collision.
FIG. 14 is a timing diagram illustrating a technique for avoiding the collision illustrated in FIG. 13.
FIG. 15 is a timing diagram illustrating the potential occurrence of an additional or erroneous clock pulse when in-
band IRQ is used.
FIG. 16 is a timing diagram illustrating the suppression of additional or erroneous clock pulses according to certain
aspects disclosed herein.
FIG. 17 illustrates one approach to implementing an in-band IRQ period while supporting both I2C and CCIe modes
in accordance with certain aspects disclosed herein.
FIG. 18 illustrates an example in which in-band IRQ is issued while in CCIe mode.
FIG. 19 illustrates an example of a method for transcoding of data bits into transcoded symbols at a transmitter to
embed a clock signal within the transcoded symbols.
FIG. 20 illustrates an example of the encoding of bit 19 in a CCIe transmission.
FIG. 21 illustrates an example in which bit 19 may span various numbers.
FIG. 22 illustrates a range within the bit 19 number space that may be used to define a heartbeat as disclosed herein.
FIG. 23 illustrates a heartbeat clock according to certain aspects disclosed herein.
FIG. 24 illustrates an example of a control word that may be transmitted in compliance with CCIe protocols, and in
a manner that enables the CCIe devices to obtain a heartbeat clock according to certain aspects disclosed herein.
FIG. 25 illustrates an example of a heartbeat clock be transmitted over the SDA line of a CCIe bus.
FIG. 26 illustrates a scheme for converting between ternary transition numbers and sequential symbols in accordance
with certain aspects disclosed herein.
FIG. 27 illustrates one example of a technique for converting a transition number to a symbol number.
FIG. 28 illustrates certain aspects of the encoding technique illustrated in FIG. 27.
FIG. 29 illustrates certain conditions that may occur when an SDA mask is asserted during an in-band IRQ period.
FIG. 30 illustrates a side-effect of the use of an SDA Mask.
FIG. 31 illustrates certain aspects related to the use of a heartbeat clock for in-band IRQs.
FIG. 32 illustrates an example of the use of Bit-19 of the ternary number illustrated in FIG. 31 to map CCIe mode
transmissions.
FIGs. 33 and 34 illustrate a technique for implementing in-band IRQ on a control data bus 330 that is operated or
operable in CCIe mode in accordance with certain aspects disclosed herein.
FIG. 35 illustrates aliasing conditions that may occur when an SDA Mask is employed.
FIG. 36 illustrates certain aspects related to a heartbeat clock provided during in-band IRQ in accordance with
certain aspects disclosed herein.
FIG. 37 illustrates a method by which heartbeats may be transmitted when the master device is in active mode or
power savings mode.
FIG. 38 illustrates a combination synchronization word and heartbeat word according to certain aspects disclosed
herein.
FIG. 39 illustrates an example of synchronization and heartbeat mapping within Bit-19 of the CCIe protocol in
accordance with certain aspects disclosed herein.
FIG. 40 illustrates one example of a "SID Scan All" command that may be issued by the master device over the
control data bus to the slave devices in accordance with certain aspects disclosed herein.
FIG. 41 illustrates timing of response of a slave device to the SID Scan All command received from the master
device in accordance with certain aspects disclosed herein.
FIG. 42 illustrates possible SID scan response words that may be used by the CCIe protocol in accordance with
certain aspects disclosed herein.
FIG. 43 illustrates an interrupt group inquiry call within one example of a CCIe protocol and in accordance with
certain aspects disclosed herein.
FIG. 44 illustrates one example of a terminator word for the interrupt group inquiry call illustrated in FIG. 43.
FIG. 45 illustrates an example of the response to a group inquiry call in accordance with certain aspects disclosed
herein.
FIG. 46 illustrates one example of a DDR global clock read implementation in accordance with certain aspects
disclosed herein.
FIG. 47 illustrates timing associated with a DDR global clock read word according to certain aspects disclosed herein.
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FIG. 48 is a block diagram illustrating an example of an apparatus employing a processing circuit that may be
adapted according to certain aspects disclosed herein.
FIG. 49 is a flowchart of a first example of a method according to certain aspects disclosed herein.
FIG. 50 is a flowchart of a second example of a method according to certain aspects disclosed herein.
FIG. 51 is a diagram illustrating an example of a hardware implementation for an apparatus adapted for handling
IRQs on a shared IRQ bus.

DETAILED DESCRIPTION

[0023] In the following description, specific details are given to provide a thorough understanding of the embodiments.
However, it will be understood by one of ordinary skill in the art that the embodiments may be practiced without these
specific detail. For example, circuits may be shown in block diagrams in order not to obscure the embodiments in
unnecessary detail. In other instances, well-known circuits, structures and techniques may not be shown in detail in
order not to obscure the embodiments.
[0024] Certain embodiments disclosed herein provide systems, methods and apparatus that can improve the perform-
ance of a communications interface using a serial bus that supports both conventional I2C bus operations and enhanced
communications interfaces using a common I2C bus. In one example, a camera control interface (CCI) may be based
on an I2C bus and may be deployed using a two-wire, bi-directional, half duplex, serial interface configured as a bus
connecting a master and one or more slaves. CCI operations may be compatible with I2C bus operations. According to
certain aspects, systems, apparatus and methods are provided that minimize the number of IRQ lines needed to support
multiple peripheral devices connected to an I2C or CCI bus.

Overview

[0025] As used in this application, the terms "component," "module," "system" and the like are intended to include a
computer-related entity, such as, but not limited to hardware, firmware, a combination of hardware and software, software,
or software in execution. For example, a component may be, but is not limited to being, a process running on a processor,
a processor, an object, an executable, a thread of execution, a program and/or a computer. By way of illustration, both
an application running on a computing device and the computing device can be a component. One or more components
can reside within a process and/or thread of execution and a component may be localized on one computer and/or
distributed between two or more computers. In addition, these components can execute from various computer readable
media having various data structures stored thereon. The components may communicate by way of local and/or remote
processes such as in accordance with a signal having one or more data packets, such as data from one component
interacting with another component in a local system, distributed system, and/or across a network such as the Internet
with other systems by way of the signal.
[0026] Moreover, the term "or" is intended to mean an inclusive "or" rather than an exclusive "or." That is, unless
specified otherwise, or clear from the context, the phrase "X employs A or B" is intended to mean any of the natural
inclusive permutations. That is, the phrase "X employs A or B" is satisfied by any of the following instances: X employs
A; X employs B; or X employs both A and B. In addition, the articles "a" and "an" as used in this application and the
appended claims should generally be construed to mean "one or more" unless specified otherwise or clear from the
context to be directed to a singular form.
[0027] Certain aspects of the invention may be applicable to communications links deployed between electronic devices
that may include subcomponents of an apparatus such as a telephone, a mobile computing device, an appliance,
automobile electronics, avionics systems, etc. FIG. 1 depicts an apparatus that may employ a communication link
between integrated circuit (IC) devices. In one example, the apparatus 100 may include a wireless communication device
that communicates through an RF transceiver with a radio access network (RAN), a core access network, the Internet
and/or another network. The apparatus 100 may include a communications transceiver 106 operably coupled to process-
ing circuit 102. The processing circuit 102 may have one or more IC devices, such as an application-specific IC (ASIC)
108. The ASIC 108 may include one or more processing devices, logic circuits, and so on. The processing circuit 102
may include and/or be coupled to processor readable storage such as a memory 112 that may maintain instructions
and data that may be executed by processing circuit 102. The processing circuit 102 may be controlled by one or more
of an operating system and an application programming interface (API) 110 layer that supports and enables execution
of software modules residing in storage media, such as the memory device 112 of the wireless device. The memory
device 112 may include read-only memory (ROM) or random-access memory (RAM), electrically erasable programmable
ROM (EEPROM), flash cards, or any memory device that can be used in processing systems and computing platforms.
The processing circuit 102 may include or access a local database 114 that can maintain operational parameters and
other information used to configure and operate apparatus 100. The local database 114 may be implemented using one
or more of a database module, flash memory, magnetic media, EEPROM, optical media, tape, soft or hard disk, or the
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like. The processing circuit may also be operably coupled to external devices such as an antenna 122, a display 124,
operator controls, such as a button 128 and/or a keypad 126, among other components.

Interrupt Mechanism Using Dedicated IRQ Line

[0028] FIG. 2 is a block diagram 200 illustrating a simplified example of a device 202 that has a baseband processor
204 and an image sensor 206. An image data bus 216 and a multi-mode control data bus 208 may be implemented in
the device 202. The diagram 200 illustrates a camera device 202 by way of example only, and various other devices
and/or different functionalities may implement, operate and/or communicate using the control data bus 208. In the
depicted example, image data may be sent from the image sensor 206 to the baseband processor 204 over an image
data bus 216, such as the "DPHY" high-speed differential link defined by MIPI. In one example, the control data bus
208 may have two wires that are configurable for operation in an I2C bus mode. Accordingly, the control data bus 208
may include SCL and SDA wires. The SCL may carry a clock signal that may be used to synchronize data transfers
over the control data bus 208 according to I2C protocols. The data line SDA and clock line SCL may be coupled to
multiple devices 212, 214, and 218a-218c on the control data bus 208. In the example, control data may be exchanged
between the baseband processor 204 and the image sensor 206 as well as other peripheral devices 218 via the control
data bus 208. According to I2C protocols, clock speeds on the SCL wire may be up to 100 KHz for normal I2C operation,
up to 400 KHz for I2C fast mode, and up to 1 MHz for I2C fast mode plus (Fm+). These operating modes over an I2C
bus may be referred to as a CCI mode when used for camera applications.
[0029] In some instances, two or more slave devices 214, or 218a may request attention of the baseband processor
204 by asserting a predefined logic level on a corresponding IRQ line 220, or 222.

A First Example Illustrating Use of a Common IRQ Bus to Reduce IRQ Lines

[0030] FIG. 3 is a block schematic diagram illustrating certain aspects of an apparatus 300 that may employ a com-
munications bus such as a CCIe bus 330. The apparatus 300 may be embodied in one or more of a wireless mobile
device, a mobile telephone, a mobile computing system, a wireless telephone, a notebook computer, a tablet computing
device, a media player, a gaming device, or the like. The apparatus 300 may include multiple CCIe devices 302, 320,
and/or 322a-322n, which communicate using a CCIe bus 330. The CCIe bus 330 can extend the capabilities of a
conventional CCI bus for devices that are configured for enhanced features supported by the CCIe bus 330. For example,
the CCIe bus 330 may support a higher bit rate than a CCI bus 330. According to certain aspects disclosed herein, some
versions of the CCIe bus 330 may be configured or adapted to support bit rates of 16.7 Mbps or more, and some versions
of the CCIe bus may be configured or adapted to support data rates of at least 23 megabits per second.
[0031] In the example illustrated in FIG. 3, an imaging device 302 is configured to operate as a slave device on the
CCIe bus 330. The imaging device 302 may be adapted to provide a sensor control function 304 that manages an image
sensor, for example. In addition, the imaging device 302 may include configuration registers 306 and/or other storage
devices 324, a processing circuit and/or control logic 312, a transceiver 310 and line drivers/receivers 314a and 314b.
The processing circuit and/or control logic 312 may include a processor such as a state machine, sequencer, signal
processor or general-purpose processor. The transceiver 310 may include a receiver 310a, a transmitter 310c and
certain common circuits 310b, including timing, logic and storage circuits and/or devices. In some instances, the trans-
ceiver 310 may include encoders and decoders, clock and data recovery circuits, and the like.
[0032] A transmit clock (TXCLK) signal 328 may be provided to the transmitter 310c, where the TXCLK signal 328
can be used to determine data transmission rates for a CCIe communication mode. The TXCLK signal 328 may be
embedded within sequences of symbols transmitted on the CCIe bus 330, when both the SDA wire 318 and the SCL
wire 316 are used to encode transmitted data. In one example, the TXCLK signal 328 may be embedded using transition
clock transcoding, whereby data to be transmitted over the physical link 330 is transcoded such that a change of state
of at least one wire 316 and/or 318 occurs between each pair of consecutive symbols transmitted on the CCIe bus 330.
[0033] The CCIe devices 302, 320, and/or 322a-322n may communicate using the two-wires 316, 318 of the CCIe
bus 330. For example, the two-wire CCIe bus 330 may support CCIe bi-directional, half-duplex modes of communication
that can provide significantly greater data rates than the data rates supported by I2C or CCI modes of operation. The
CCIe devices 302, 320, and/or 322a-322n may transmit data on both the SCL wire 316 and the SDA wire 318 of the
control data bus 330, with clock information embedded in a sequence of symbols transmitted on the two-wire control
data bus 330. Certain CCIe devices 320 may be configured as a bus master, and certain devices 302, and/or 322a-
322n may be configured as slave devices. The CCIe devices 302, 320, and/or 322a-322n may be compatible with, or
coexist with I2C and/or CCI devices coupled to the control data bus 330, such that a CCIe device 302, 320, or 322a-
322n may communicate with one or more other CCIe devices 302, 320, and/or 322a-322n using CCIe protocols and
signaling specifications, even when I2C devices are monitoring the control data bus 330. One example disclosed herein
provides an interface that can handle multiple slaves 302, and/or 322a-322n coupled to the bus, with a single master
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device 320, when both CCIe and I2C/CCI devices are deployed on the same bus. In the latter example, two or more
CCIe devices 302, 320, and/or 322a-322n may communicate using CCIe protocols, and any communication transaction
with an I2C or CCI device is conducted in accordance with I2C bus protocols.
[0034] According to certain aspects described herein, the CCIe devices 302, 320, and/or 322a-322n may be coupled
to a shared interrupt request (IRQ) bus 326. According to one aspect, the shared IRQ bus 326 may be a single line
coupled to the slave devices 302, and/or 322a-322n as well as to the master device 320. This shared IRQ bus 326 may
be pulled up (e.g., pull high) when idle using a resistance 332 or the like. The shared IRQ bus 326 may be pulled low
when a slave device 302, 322a-322n asserts an interrupt signal. That is, each slave device 302, 322a-322n may inde-
pendently request access to transmit on the control data bus 330 by sending an IRQ signal to the master device 320.
[0035] In some examples, the single line IRQ bus 326 may be an asynchronous bus that is unmanaged by a master
device 320 or any other device 302, 322a-322n. Accordingly, the slave devices 302, 322a-322n can unilaterally assert
an IRQ signal at any time.
[0036] In another example, the single line IRQ bus 326 may be dedicated to unidirectional signal transmissions from
slave devices to the master device. That is, the single line IRQ bus may be used for only IRQ signals and not other types
of signals.
[0037] In one example, the control data bus 330 may be a CCIe compatible bus.
[0038] In another example, the control data bus 330 may be a bidirectional bus between the slave devices 302, 322a-
322n and the master device 320.

A Second Example Illustrating Use of a Common IRQ Bus to Reduce IRQ Lines

[0039] FIG. 4 is a block diagram 400 illustrating an example in which one or more slave devices 410, 412, 414, 416,
418 may request attention of a bus master 404 by asserting a predefined logic level on a common or shared single-line
IRQ bus 422. A single-wire IRQ bus 420 may be shared by a plurality of slave devices 410, 412, 414, 416, 418, which
may include I2C, CCI and/or CCIe devices. In the depicted example, each of the slave devices 410, 412, 414, 416, 418
may be adapted to support CCIe modes of communication, and the bus master device 404 may be adapted to serve as
a bus master in I2C, CCI and CCIe modes of operation.
[0040] According to one aspect, a shared single-line IRQ bus 422 is coupled to the slave devices 410, 412, 414, 416,
418 to the master device 404. A pull-up resistance 420 may be coupled to the wire of the IRQ bus 422 in order to define
the signaling state of the IRQ bus 422 when none of the slave devices 410, 412, 414, 416, 418 are asserting an interrupt
request. In one example, the slave devices 410, 412, 414, 416, 418 may drive the IRQ bus 422 low to interrupt or request
an interrupt of the master device 404. That is, each slave device 410, 412, 414, 416, and 418 may independently assert
an interrupt request by driving the IRQ signal in order to request attention from the master device 404.
[0041] The common, shared single-wire IRQ bus 422 may be shared by a plurality of slave devices 410, 412, 414,
416, 418 by configuring each of the slave devices 410, 412, 414, 416, 418 to provide an indication of the identity of one
or more slave devices 410, 412, 414, 416, and/or 418 that have asserted an interrupt request. In some instances, two
or more of the slave devices 410, 412, 414, 416, 418 may contend for the attention of the master device 404, and the
indication of the identity of these contending slave devices 410, 412, 414, 416, and/or 418 may be used to determine
which request for attention from the master device 404 is to be granted. In one example, each slave device 410, 412,
414, 416, 418 may be configured to assert an interrupt request by driving the IRQ bus 422 for period of time that has a
length corresponding to the identity of the device 410, 412, 414, 416, 418 driving the IRQ bus 422.
[0042] In some instances, the length of a pulse used to drive the IRQ bus 422 may identify a group 406, 408 of the
slave devices 410, 412, 414, 416, 418 that includes a slave device 410, 412, 414, 416, 418 that is contending for the
attention from the master device 404. In one example, a first plurality of slave devices 410, 412 may be in a first group
406 and a second plurality of slave devices 414, 416 may be in a second group 408, and such groupings may be, for
example, pre-configured or dynamically defined (by enumeration, for example) upon boot-up by the master device 108.
Such groupings allow the master device 404 to more quickly identify which slave device triggered an IRQ signal on the
IRQ bus 422 without unacceptable delays. Each slave device 410, 412, 414, 416, or 418 may be configured to generate
a pulse having a width defined and/or assigned to a group 406, 408 to which the slave device 410, 412, 414, 416, or
418 belongs. For example, the slave devices 410 and 412 in a first group 406 may be configured to generate a pulse
on the shared single-wire IRQ bus 422 that has a different duration than the duration of a pulse generated by the slave
devices 414 and 416 in a second group 408. Each group 406 and 408 includes at least one slave device.
[0043] The duration of an assertion of the IRQ bus 422 may determine if a requesting slave device 410, 412, 414,
416, or 418 is granted the attention of the master device 404. In one example, a prioritization scheme may assign longer
pulse widths to higher priority slave devices 410, 412, 414, 416, 418 and shorter pulse widths to lower priority slave
devices 410, 412, 414, 416, 418. In operation, a first slave device 410, 412, 414, 416, or 418 may assert an interrupt
request by providing a pulse on the IRQ bus 422. A second, higher-priority slave device 410, 412, 414, 416, or 418 may
assert an interrupt request by providing a pulse on the IRQ bus 422 that has a longer width than the width of the pulse
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provided by the first slave device 410, 412, 414, 416, or 418, When the IRQ bus 422 has been asserted, the master
device 404 may use the duration of the assertion of the IRQ bus 422 to identify the highest-priority group 406 or 408
that includes an asserting slave device 410, 412, 414, 416, and/or the highest-priority slave device 410, 412, 414, 416,
or 418 that is asserting the IRQ bus 422. The master device may then use signaling on the control data bus 402 to scan
an IRQ status register on one or more slave devices 410, 412, 414, 416, 418 that is assigned the pulse width that was
observed on the IRQ bus 422.
[0044] In some instances, a first slave device 410, 412, 414, 416, or 418 may yield to a second slave device 410, 412,
414, 416, or 418 when the IRQ bus 422 continues to be actively driven after termination of the pulse provided by the
first slave device 410, 412, 414, 416, or 418, indicating that at least the second, higher-priority slave device 410, 412,
414, 416, or 418 is also requesting the attention of the master device 404 by driving the IRQ bus 422 with a longer pulse
width. In such circumstances, the first slave device 410, 412, 414, 416, or 418 may revert to an idle or dormant mode
until a next opportunity to contend for the control data bus 402 arises.
[0045] In some instances, the single wire IRQ bus 422 may be shared by slave devices 410, 412, 414, 416, 418 and
one or more master devices 404. In this example, the slave devices 410, 412, 414, 416, 418 may be logically grouped.
For example, a first group 406 may include a first plurality of slave devices 410, and 412, and a second group 408 may
include a second plurality of slave devices 414, and 416. Such groupings may be, for example, pre-configured, dynamically
defined and/or defined by enumeration by the master device 404 at initialization. The use of groups 406, 408 may permit
the master device 404 to more quickly identify one or more slave devices 410, 412, 414, 416, and/or 418 that assert an
interrupt request by driving the IRQ bus 422.
[0046] In some instances, the single-line IRQ bus may operate asynchronously, without management of a master
device 404 or another device. In asynchronous operation, a slave device 410, 412, 414, 416, or 418 may unilaterally
drive the IRQ bus 422 at any time. In some instances, the slave devices 410, 412, 414, 416, 418 may confirm that IRQ
bus 422 is idle (i.e. not driven by another device) prior to asserting an interrupt request.
[0047] In some instances, the single-line IRQ bus 422 may be dedicated to unidirectional signal transmissions from
slave devices 410, 412, 414, 416, 418 to the master device 404. That is, the IRQ bus 422 may be reserved for interrupt
request signaling and other types of signals are not supported on the IRQ bus 422.
[0048] Groups 406, 408 of slave devices 410, 412, 414, 416 may be configured to use a distinct IRQ signal. In one
example, a first group 406 may use a first signal having a first period, a second group 408 may use a second signal
having a second period, and so on. In some instances, a slave device 418 that is not grouped with another slave device
may be treated as a group of one device, and may be assigned to use a third signal having a third period. The period
of an IRQ signal may be defined as the length of time for which the IRQ bus 420 is driven (e.g. pulled low) by the asserting
slave device 410, 412, 414, 416, or 418. Other forms of signal differentiation may be used. For example, different IRQ
signal voltage levels may be assigned to different groups 406, 408 of slave devices 410, 412, 414, 416, and/or a slave
device 418 that is unassigned to a group or otherwise treated as the sole member of a group.
[0049] In some instances, a group 406, 408 may define a logical group of slave devices 410, 412, 414, 416, 418, such
that each group 406, 408 may include at least one slave device 410, 412, 414, 416, 418. A group 406, 408 may include
multiple slave devices 410, 412, 414, 416, 418. The number of slave devices 410, 412, 414, 416, 418 assigned to each
group 406, 408 may be determined based on factors such as the duration of time to query and identify each potential
asserting slave device 410, 412, 414, 416, 418 in the group 406, 408. For instance, an unacceptably long delay may
result when all slave devices 410, 412, 414, 416, 418 coupled to the IRQ bus 422 are queried by the master device 404.
[0050] The time to identify an asserting slave device 410, 412, 414, 416, 418 may be substantially reduced through
the use of distinct IRQ signals to identify a group 406, 408 in which a slave device 410, 412, 414, 416, 418 has asserted
an IRQ, and then querying each member slave device 410, 412, 414, 416, 418 in the identified group 406, or 408. The
master device 404 may detect the occurrence of an assertion of the IRQ bus 422, and the master device 404 may
determine the duration of the assertion. Based on the determined duration of the IRQ assertion, the master device 404
may identify a group 406 or 408 corresponding to a duration of the length observed by the master device 404. The
master device 404 may then query each slave device 410, 412, 414, 416, 418 in the group 406, 408 to identify which
slave device triggered or asserted the IRQ signal. In one example, the master device 404 may determine that an IRQ
assertion originated from a first group 406. The master device 404 may transmit a request or command over the control
data bus 402 to a first slave device 410, or 412. The master device 404 may transmit a register status request, for
example. In response, the first slave device 410, or 412 may transmit status information to the master device 404. If the
status information indicates that the first slave device 410, or 412 is not the source of the IRQ request, the master device
404 may transmit a register status request over the control data bus 402 to a second slave device 412, or 410 in the
first group 406. This process may be repeated for all slave devices 410, 412 the first group 406 until a slave device 410,
412 that asserted the IRQ signal is identified.
[0051] FIG. 5 is a timing diagram 500 illustrating examples of timing of IRQ signals 502, 504, 506, used by different
groups 406, 408, 514, respectively. Different IRQ signal timing may be assigned or associated with each different group
406, 408, 514, and/or the IRQ signal timing of the member slave devices 410, 412, 414, 416, 418 of each group 406,
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408, or 514 may be based on, or derived from the IRQ signal timing assigned or associated with the corresponding
group 406, 408, 514. Each group 406, 408, 514 may include a single one of the member slave devices 410, 412, 414,
416, 418 or a plurality of the member slave devices 410, 412, 414, 416, 418. A first group 406 may use an IRQ signal
502 having a first pulse width 508, a second group 408 may use an IRQ signal 504 having a second pulse width 510,
and an nth group 506 may be configured to use a third IRQ signal 506 having a third pulse width 512.
[0052] FIG. 6 illustrates the operation of a shared IRQ bus 422 from the perspective of a bus master device 404. The
example may apply to timing 612 of operations on a control data bus 402 that is operated in accordance with I2C, CCI
and/or CCIe protocols. The bus master device 404 may monitor the timing 602 of signals on the IRQ bus 422 to determine
whether an interrupt request has been asserted. The bus master device 404 may identify the slave device asserting the
interrupt request based on the duration 604, 606 of a pulse 608, 610 on the IRQ bus 422.
[0053] In the example, groups 406, 408 of slave devices may be configured to drive the IRQ bus 422 for predefined
periods of time 604, 606. Accordingly, the bus master device 404 may monitor the IRQ bus 422 for pulses 608 and 610,
and may measure or time the durations 604, 606 of any detected pulses 608, 610. In one example, the bus master
device 404 may include a timer or counter that is initiated upon detecting a transition 620, 622 at the beginning of the
pulse 608, 610. The timer or counter value after the termination of the pulse 608, 610 may then be compared to the
predefined durations associated with each group 406, 408.
[0054] In the example, the data control bus 402 may be idle during a first period of time 614, before a first pulse 608
is received. When a first IRQ signal is asserted on the shared single line IRQ bus 422, the bus master device 404 detects
that the IRQ bus has been pulled low, and determines the period, width, or duration 604 of the pulse. For example, the
bus master device 404 may determine that the duration 604 of the first pulse 608 is consistent with an interrupt request
from a member of a first group of devices 406 upon termination of the first pulse 608. The bus master device 404 may
initiate a scan 616 of the members of the first group of devices 406 to determine their IRQ status and identify which
member or members of the first group 406 asserted the IRQ request 608. In one example, the bus master device 404
may transmit commands and/or requests on the control data bus 402 to each member of the first group 406 that cause
the recipient of each request to respond with IRQ status. The bus master device 404 may exchange data, control and
other information with the identified interrupting member of the first group 406.
[0055] A second interrupt request pulse 610 may be received at some point after the first interrupt request pulse 608.
The second interrupt request pulse 610 may have a duration 606 that corresponds to a second group of slave devices
408. Upon receipt of the second interrupt request pulse 610, the bus master device 404 may detect, determine or
calculate the pulse width, period, or duration 606. The bus master device 404 may then initiate a scan 618 of the members
of the second group of devices 409 to determine their IRQ status, and to identify which member or members of the
second group 408 asserted the IRQ request corresponding to the second pulse 610.
[0056] FIG. 7 is a timing diagram illustrating a method for avoiding the occurrence of simultaneous, overlapping, and/or
conflicting interrupt requests according to certain aspects disclosed herein. In some instances, it may be desirable to
avoid the occurrence of overlapping IRQ pulses that may lead to conflicting or contending interrupt requests. Conflicting
interrupt requests may be avoided by configuring the slave devices to monitor the IRQ bus 422 prior to asserting an
interrupt request. Interrupt requests 712 may be deferred 714 if another device has already asserted an interrupt request
708 on the shared single line IRQ bus 422.
[0057] In the depicted example, a first pulse 704 is asserted on the IRQ bus 422 by a slave device from the first group
of devices 406. A second slave device may wish to assert an interrupt request during the duration 704 of the first pulse
708. According to one aspect, the second slave device may delay assertion of the interrupt request on the IRQ bus 422.
At a time 718, the second slave device may decide to initiate an interrupt request. Upon checking the IRQ bus 422, the
second slave device may determine that a pulse 708 has been asserted on the IRQ bus 422 by another slave device.
Accordingly, the second device may initiate a hold-off or delay period 712 to allow the IRQ bus 422 to return to an idle
state. The hold-off period 712 may have a predefined duration, a duration that includes a minimum back-off period and/or
a random delay, or a period that terminates a predefined time after the IRQ bus 422 returns to an idle state. The second
slave device may be precluded from asserting an interrupt request for a minimum period of time 710 during which the
IRQ bus 422 is to be free or idled. The IRQ bus free time period 710 may be measured from the point in time 720 at
which the first pulse 708 on the IRQ bus 422 terminates and, for example, the IRQ bus 422 returns to a logic high state.
The next interrupt request 716 may be asserted after the minimum bus free time 710 expires. Upon expiration of the
minimum bus free time 710, the second slave device may assert an interrupt request by providing a pulse 716 on the
IRQ bus 422. In the example, the second slave device is a member of the second group of slave devices 408, and the
duration 706 of the second pulse 716 may be different from the duration 704 of the first pulse 708.
[0058] FIG. 8 is a timing diagram 800 that illustrates an example of a mode of operation of a single-line IRQ bus that
may be employed when simultaneous IRQ signals are supported by an I2C, CCI, and/or CCIe interface. The simultaneous
IRQ signals may result in contentions and/or conflicts between individual slave devices and/or between slave devices
in different groups 406, 408 that use a shared single IRQ bus 422. The timing of signals on the IRQ bus 422 is illustrated
in a first timing chart 802, while the contributions by slave devices in the first and second groups 406, 408 are illustrated
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in second and third timing charts 812, 822, respectively. A first IRQ pulse 814 is asserted by a first slave device in the
first group 406 at the same time or concurrently with a second IRQ pulse 824 asserted by a second slave device in a
second group 408. The second IRQ pulse 824 may have a longer duration 804 than the duration of the first pulse 806.
After the termination of the first pulse 814, the first slave device may recognize that a higher priority device has asserted
an interrupt request because of the presence of a portion 808 of the second pulse 824 on the IRQ bus 422. The first
slave device may recognize this condition 808 of the IRQ bus 422 as an effective collision, contention or conflict by
monitoring the IRQ bus 422 after termination of the first pulse 814. The first device may then determine that the second
slave device has a higher priority and may defer a renewed request until after the IRQ bus free period 818, which
commences after termination of the second pulse 824. The bus master device 404 may detect the duration of the second
pulse 824 and address the second group 408 of devices to identify and service the source of the interrupt request. The
bus master device 404 may not be aware of the first pulse 814.
[0059] The first slave device may reissue its interrupt request by providing a third pulse 826 on the IRQ bus 422 after
expiration of the IRQ bus free period 818.
[0060] FIG. 9 is a timing diagram 900 illustrating the timing tolerance related to an IRQ pulse, where the tolerances
may be determinative of the minimum IRQ pulse width. In some instances, protocols governing signaling on the I2C,
CCI, and/or CCIe interface may define a minimum value for the low duration (tLOW) 906 to permit detection by an I2C,
CCI, and/or CCIe master device 404, although for the purposes of this description it may be assumed that the low
duration may not be subject to a specified minimum. The timing diagram 900 illustrates a single pulse 902.
[0061] In the example timing diagram 900, the minimum threshold voltage for detecting a "high" signaling state is at
70% of switching circuit supply voltage ("VDD") level and the maximum threshold voltage for detecting a "low" signaling
state is 30% of VDD level. A receiver may determine either a high or low signaling state for a voltage level of the IRQ
bus 422 that lies between 30% and 70% of VDD level, depending on receiver input levels. A maximum fall-rise time
(TFRmax) 904 may be defined. The duration of TFRmax 904 may be determinative of the duration of a low period (TLOW)
910 assigned to a slave device for asserting an interrupt request. The value of TLOW 910 may be selected to enable a
master device 404 to distinguish between IRQ signals from different groups of slave devices. From the perspective of
the master device 404, a low condition may be observed on the IRQ bus 422 if: 

[0062] In order to distinguish between groups 406, 408 of slave devices, different units of TLOW may be assigned as
the IRQ pulse width for the groups 406, 408. In one example, a first group 406 may be assigned an IRQ pulse width of
TLOW, while a second group 408 may be assigned an IRQ pulse width of 2xTLOW. In this example, the low period observed
by the bus master device 404 may be calculated as follows:

Note that after a first slave device asserts IRQ signal low, a second slave device may not detect IRQ signal low for a
period of time extending TFRmax to tLOWmin, which must be at least TFRmax in duration. Therefore, TLOW > 3TFR
max, and tLOW min > 2TFRmax. Accordingly, a minimum value for tLOW 906 may be calculated as follows: 

[0063] The side-band IRQ method illustrated in FIGS. 3-9 requires the use of an extra pin for each slave and master
device. Slave devices in particular are often limited in size/space available and it would be desirable to eliminate the
use of side-band interrupts.

In-Band Interrupt Mechanism Over Shared Bus

[0064] FIG. 10 is a block diagram illustrating a system 1000 in which the interrupt bus has been eliminated in favor of

First group 406: TLOW - TFR < tLOW < TLOW + TFR

Second group 406: 2TLOW - TFR < tLOW < 2TLOW + TFR.
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in-band interrupts. The system 1000 may include a master device 1004 and a plurality of slave devices 10061-1006N
coupled to a shared control data bus 1002. In one example, the control data bus 1002 may be an I2C bus comprising
two wires, a clock line (SCL) and a serial data line (SDA). The clock line SCL may be used to synchronize all data
transfers over the I2C bus 1002. The data line SDA and clock line SCL are coupled to all devices 1004 and 10061-1006N
on the I2C bus 1004. In this example, interrupts are sent in-band over the data control bus 1002. In some instances, the
data control bus 1002 may support both I2C devices and CCIe devices at the same time.
[0065] FIG. 11 is a timing diagram 1100 illustrating an example of single-byte write data operation when the serial bus
330 (see FIG. 3) is operated in accordance with I2C protocols. Each I2C Transmission 1120 commences with a start
condition 1106 that is asserted on the serial bus 330, and terminates when a stop condition 1116 is asserted on the
serial bus 330. The start condition 1106 is asserted when the SDA signal wire 318 transitions low while the SCL signal
wire is held in a high state. The stop condition 1116 is asserted when the SDA signal wire 318 transitions high while the
SCL signal wire is held in a high state. According to I2C protocols, transitions on the SDA signal wire 318 occur when
the SCL signal wire 316 is low, except for start condition 1106 and stop conditions 1116.
[0066] In typical I2C operations, an I2C master node sends a 7-bit slave ID 1102 on the SDA line 318 to indicate which
slave node on the I2C bus the master node wishes to access, followed by a Read/Write bit 1112 that indicates whether
the operation is a read or a write operation, whereby the Read/Write bit 1112 is at logic 0 to indicate a write operation
and at logic 1 to indicate a read operation. Only the slave node whose ID matches with the 7-bit slave ID 1102 is permitted
respond to the write (or any other) operation. In order for an I2C slave node to detect its own ID 1102, the master node
transmits at least 8-bits on the SDA line 318, together with 8 clock pulses on the SCL line 316. This behavior may be
exploited to transmit data in CCIe operating modes in order to prevent legacy 12C slave nodes from reacting to CCIe
operations.
[0067] FIG. 12 is a timing diagram 1200 that illustrates data transmission on a serial bus 330 that is operated in
accordance with CCIe protocols, and when two or more communicating devices 202, 220, 222a-222n are configured or
adapted to communicate in accordance with CCIe protocols. In a CCIe transmission, data bits may be transcoded into
twelve symbols for transmission over the SDA line 318 and the SCL line 316, and the mode of transmission may be
referred to as "CCIe mode." CCIe mode is source synchronous, driven by push-pull drivers. A device that transmits data
over the control data bus 330 also transmits clock information embedded in the data. Consequently, only one device on
the control data bus is allowed to drive the bus at any one time.
[0068] In certain CCIe modes of operation, data is encoded into a set of two-bit symbols transmitted sequentially on
the signal wires 316, 318 of the CCIe bus. Sequences of symbols 1202, 1204 may be transmitted in successive trans-
mission intervals 1206, 1208. Each sequence of symbols 1202, 1204 is preceded by a start condition 1216, 1218, 1220.
The start conditions 1216, 1218, 1220 are asserted when the SDA signal wire 318 transitions low while the SCL signal
wire is held in a high state. According to CCIe protocols, transitions on the SDA signal wire 318 may occur at the same
time that transitions occur on the SCL signal wire 316 when a sequence of symbols 1202, 1204 is being transmitted. In
some CCIe modes, start conditions 1216, 1218, 1220 may occupy two symbol intervals.
[0069] In the illustrated example, each sequence of symbols 1202, 1204 includes 12 symbols and encodes 20-bit data
elements that may include 16 bits of data and 3 bits of overhead. Each symbol in the sequence of 12 symbols 1202,
1204 defines the signaling state of the SDA signal wire 318 and the SCL signal wire 316 for each symbol period (tsym)
1210. In one example, push-pull drivers 214a, 214b used to drive the signal wires 316, 318 may support a symbol period
1210 of 50 ns duration, using a 20 MHz symbol clock. The two-symbol sequence, which may be denoted as {3,1}, is
transmitted in the period 1214 between consecutive sequences of symbols 1202 and 1204. For the resulting 14-symbol
transmission (12 symbols payload and a start condition 1216, 1218, 1220), the minimum elapsed time 1212 between
the start of a first transmission 1206 and the start of a second transmission 1208 may be calculated as: 

Thus, 20 bits may be transmitted every 700 ns, yielding a raw bit rate of approximately 28.6 Mbps with a useful bit rate
of approximately 22.86 Mbps, since 16 data bits are transmitted in each 12 symbol word 1206, 1208.
[0070] The master device controls access to the bus, and any device that wishes to transmit over the control data bus
330 is required to request a grant of access to the control data bus 330 from the master device. Such request may be
made by issuing an interrupt request. According to certain aspects, a CCIe device may issue an interrupt request through
an in-band interrupt mechanism that occurs according to predefined timing. The use of such an in-band interrupt mech-
anism can prevent bus contention and/or collisions. FIG. 13 includes a timing diagram 1300 that illustrates the occurrence
of a collision 1304. Collisions 1304 may be avoided when an interrupt mechanism prevents slave devices from driving
either the SDA line 318 or SCL line 316 of the control data bus 330 while the master device is driving 1302 the control
data bus 330.
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[0071] FIG. 14 is a timing diagram 1400 that illustrates a solution to avoid the potential for collisions of FIG. 13. In this
approach, the protocol defines when an in-band IRQ may be issued. In one example, the master device may drive the
clock on the SCL line 316 during a defined period of time 1420 when the slave is permitted to drive the SDA line 318.
In operation, The master device may drive the SDA line 318 high and enable a pull-up to maintain the high state after
transmitting 1402, 1404 on the SDA line 318. The SDA line 318 may be released at some point 1414, after which a slave
may transmit 1406, 1408 on the SDA line 318. The slave may then drive 1416 the SDA line 318 high and release the
SDA line 318 at a point in time 1418. The master device may then begin transmitting 1410 on the SDA line 318.
[0072] As illustrated in the timing diagram 1500 of FIG. 15, an in-band IRQ sent by a slave device on the SDA line
318 may cause an erroneous clock 1510 to be detected. In CCIe mode, symbol transitions are used to generate a
receiver clock (RXCLX) 1504. All receiving devices recover clock timing from state transitions of the control data bus
330. The state transitions correspond to signaling state changes of the SDA line 318 and/or the SCL line 316, and the
state transition is to be timing aligned between the SDA line 318 and the SCL line 316. A CCIe clock data recovery
(CDR) circuit may tolerate some skew between the SDA line 318 and the SCL line 316, although skew larger than CDR’s
tolerance can cause the CDR to generate the extra receiver clock pulse 1510 resulting a synchronization loss at the
CCIe word boundary.
[0073] FIG. 16 is a timing diagram 1600 that illustrates one solution that may avoid the generation of the extra pulse
1510 on the RXCLK 1504 and potential synchronization loss. An SDA masking (SDAMASK) signal 1608 that gates or
masks the signal that is used for in-band IRQ at the clock data recovery circuit input by each device, including the master
device and slave devices. For instance, each CDR circuit masks the SDA line 318 or the SCL line 316 (whichever line
is used for in-band IRQ) during in-band IRQ transmissions. If, for example, a master device permits a slave device to
drive the SDA line 318 with a particular in-band IRQ protocol, all devices on the control data bus 330 then are required
to mask their SDA line 318 input during that period to prevent erroneous/extra RXCLK pulses from being detected. In
one example, each device gates the SDA line 318 to hold its value into the CDR circuit as 1 (or high) during the in-band
IRQ period.
[0074] FIG. 17 is a diagram 1700 that illustrates one approach to implementing an in-band IRQ period while supporting
both I2C mode and CCIe mode. In this approach, CCIe mode is exited, then the in-band IRQ is issued while in I2C
mode. After the in-band IRQ is issued, the control data bus reverts back to CCIe mode. However, having to switch to
I2C mode just to issue in-band IRQs creates overhead (both hardware and time) that is too large.
[0075] FIG. 18 is a diagram 1800 that illustrates an example in which in-band IRQ (IBI) is issued while in CCIe mode.
Ideally, the protocol may be maintained as compact as one or two CCIe words so that in-band IRQs can be issued as
often as possible with as minimum protocol overhead as possible. For example, a periodic IRQ window maybe defined.
[0076] Among other consideration, the in-band IRQ period may be available even when the bus system is in low-
power mode to prevent "starvation" by the slave devices. One solution to this may be to define an in-band IRQ within a
CCIe "heartbeat’’ word which is periodically transmitted by the by the master device over the bus to allow synchronization
of the slave devices. The master device may send this "heartbeat’" CCIe word at a rate that is slow enough for power
saving but fast enough not to starve slaves. This "heartbeat" CCIe word may serve as an indicator to slave devices that
they may issue IRQs.
[0077] FIG. 19 is a block diagram illustrating one example of a method for transcoding of data bits into transcoded
symbols at a transmitter to embed a clock signal within the transcoded symbols. At the transmitter 1900, input data bits
1904 are converted into a multi-digit ternary (base 3) number, where each digit may be referred to as a "transition
number." The ternary number is then converted into a set of (sequential) symbols which are transmitted over the clock
line SCL 1912 and the data line SDA 1914 of a physical link 1902. In one example, an original 20-bits of binary data is
input to a bit-to-transition number converter block 1908 to be converted to a 12-digits ternary number. Each digit of a
12-digits ternary number represents a "transition number." Two consecutive transition numbers may have the same
value. Each transition number is converted into a sequential symbol at a transition-to-symbol block 1910 such that no
two consecutive sequential symbols have the same value. Because a transition in symbol value (and signaling state of
the wires 1912, 1914) is guaranteed between the symbols in every pair of sequential symbols, the sequential symbol
transition may serve to embed a clock signal. Each sequential symbol 1916 is then sent over a two wire physical link
1902 tLOWmin, which may include an I2C bus having a SCL line 1912 and a SDA line 1914.
[0078] FIG. 20 is a diagram 2000 that illustrates an example of the encoding of bit 19 (i.e., the 20th bit when the bit
count starts at the first bit being bit 0). In other words, as is typical in the computer sciences, counting bit wise begins
at zero, and bit 19 is the 20th bit. Here, the bits 0-18 are represented within the ternary number range of 0000_0000_00003
to 2221_2201_20013. The ternary numbers in the range of 2221_2201_20023 to 2222_2222_22223 may be unused for
data transmission. Consequently, the ternary number range 2221_2201_20023 to 2222_222_22223 may be used to
represent bit 19 (i.e., 20th bit). In other words, 2221_2201_20023 ternary is 1000_0000_0000_0000_0000 binary
(0x80000 hexadecimal) and 2222_2222_22223 ternary (0x81BF0) is the largest 12 digit ternary number possible. FIGS.
21 and 22 illustrate one example of 20th bit (bit 19) utilization, and the number space of the 20th bit (bit 19) in which the
heartbeat may be transmitted.
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[0079] FIG. 21 is a table 2100 that illustrates an example in which bit 19 may span the numbers 2221_2201_20023
to 2222_2222_22223, and that range of numbers may be subdivided into subdivisions on the left side 2102 of FIG. 21.
CCIe is a multi-master control data bus architecture and control of the control data bus can be transferred from one
master device to another master device. Consequently, a "master bus request" command is available (within subrange
2222_1121_02103 to 2222_2112_11213 as well as a "master handover" (within subrange 2222_2220_00023 to
2222_2221_12103).
[0080] FIG. 22 is a table 2200 that illustrates a range within the bit 19 number space that may be used to define a
heartbeat as disclosed herein.
[0081] FIG. 23 is a timing diagram that illustrates a heartbeat clock 2300 having heartbeat pulses 2302a, 2302b,
2302c, 2302d. A control word 2202 (see FIG. 22) that is defined according to certain aspects disclosed herein may be
used to provide the heartbeat clock 2300. The heartbeat clock 2300 may provide pulses 2302a, 2302b, 2302c, 2302d
that have relatively short duration 2306 and that are separated by relatively large periods of time 2304. In one example,
the pulses 2302a, 2302b, 2302c, 2302d may be defined as a one-symbol duration (e.g., 50 ns), and the pulses may be
separated by 30 microseconds (30 ms), thereby providing a heartbeat clock with a frequency of 33.33 kHz. In this
example, CCIe slave devices may use the 33.33 kHz clock extracted from heartbeat words for various standby operations.
[0082] FIG. 24 illustrates an example 2400 of a control word 2416 that may be transmitted in compliance with CCIe
protocols, and in a manner that enables the CCIe devices to obtain a heartbeat clock, including the heartbeat clock 2300
illustrated in FIG. 23. In one example, the control word 2416 may be expressed as the hexadecimal number 0x81BEE,
which produces a bit pattern 2412 that is mapped to a transition number that may be expressed as a 12-digit ternary
number 2414. The transition number that may be encapsulated with start condition values to produce a set of 14 transition
numbers 2424 calculated to produce a 12-symbol sequence 2428 that is provided in a stream of symbols 2422. As
illustrated in the timing diagram 2420, every other symbol 2430 of the 12-symbol sequence 2428 has a value of ’3’ which
results in a high voltage level on both the SDA signal wire 318 and the SCL signal wire 316. In the example, minimal
currents may flow in the SDA signal wire 318 and the SCL signal wire 316 when both the SDA signal wire 318 and the
SCL signal wire 316 are in the high state. A symbol value of ’3’ may minimize power consumption associated with the
serial bus 330. The 12-symbol sequence 2422 also includes symbols 2432, 2434 that have the value ’1’ or ’2,’ which
cause either the SDA signal wire 318 or the SCL signal wire 316 to be driven low, while the other of the SDA signal wire
318 or the SCL signal wire 316 remains high. In each 12-symbol transmission 2428, one symbol 2434 may be provided
with a value of ’2,’ while the remaining symbols 2432 have a value of ’1.’ As a result, the heartbeat control word 2416
produces 6 pulses on the SDA signal wire 318 and one pulse on the SCL signal wire 316 each time the control word
2416 is transmitted. In one example, a 1.43 MHz clock may be provided on the SCL signal wire 316 by repetitively
transmitting the heartbeat control word 2416.

First Example of an In-Band IRQ Technique

[0083] FIG. 25 illustrates an example of a heartbeat clock may be transmitted over the SDA line 318 and SCL line
316. In this example, the heartbeat clock includes a first portion 2502 of the heartbeat clock is transmitted on the SDA
line 318, while a second portion 2504 of the heartbeat clock may be transmitted on the SCL line 316, thereby creating
a larger space 2506 for the in-band IRQ on the SDA line 318.
[0084] According to the protocol, a receiving slave device may detect, for example, the nth RXCLK 2514 after the start
S indicator 2512. The nth RXCLK 2514 may trigger an internal SDA mask 2524 within a receiving slave device to infernally
mask the SDA line 318.
[0085] At the n+1 RXCLK 2516, the slave device may trigger an IRQ by pulling the SDA line 318 low. The SDA line
318 is pulled high by the master device or floats, so that when it is pulled low (by a slave device) this serves to indicate
an in-band IRQ. At the n+2 RXCLK 2518, the master device may sample the SDA line 318 to ascertain whether an in-
band IRQ has been asserted. At the n+3 RXCLK 2520, the slave device may release the SDA line 318, such that the
in-band IRQ is de-asserted. Between n+3 and n+4 RXCLK 2522, the master device re-enables the SDA driver and starts
driving the SDA line 318 high. Accordingly, a receiving device (e.g., slave device) can safely release SDA mask 2824
at n+4 RXCLK 2522. At the n+4 RXCLK 2522, the slave device may release the SDA mask 2524. In this manner, an
IRQ may be transmitted by a slave device during the IRQ period 2506 defined on the SDA line 318.
[0086] FIG. 26 is a diagram 2600 illustrating one example of a scheme for converting between ternary numbers
(transition number) 2602 and (sequential) symbols 2604. A ternary number, base-3 number, also referred to as a transition
number, can have one of the 3 possible digits or states, 0, 1, or 2. While the same value may appear in two consecutive
ternary numbers, no two consecutive symbols have the same value.
[0087] The conversion function is set forth illustratively in FIG. 6. On the transmission side (TX: T to S) the logic is
Ttmp = T = 0 ? 3 : T and C8 = P8 + Ttmp. In other words, the transition number T is compared to zero and when T = zero,
Ttmp (T temporary) becomes equal to 3, else (when T not equal zero) Ttmp becomes equal to T. And the current symbol
(Cs) becomes the previous symbol (Ps) value plus Ttmp. For example, in a first cycle 2606, the T is 2, so Ttmp is also 2,
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and with Ps being 1, the new Cs is now 3.
[0088] In a second cycle 2608, the transition number 1 is input in the next cycle, and the transition number is not 3,
so T’s value of 1 is added to the previous symbol’s value of 3. Since the result of the addition, 4, is larger than 3, the
rolled over number 0 becomes the current symbol.
[0089] In a third cycle 2610, the same transition number 1 is input. Because T is 1 Ttmp is also 1. The conversion logic
adds 1 to the previous symbol 0 to generate current symbol 1.
[0090] In a fourth cycle 2612, the transition number 0 is input. The conversion logic makes Ttmp equal to 3, when T is
zero. Accordingly, 3 is added to the previous symbol 1 to generate current symbol 0 (since the result of the addition, 4,
is larger than 3, the rolled over number 0 becomes the current symbol).
[0091] Consequently, even if two consecutive ternary digits 2602 have the same numbers, this conversion guarantees
that two consecutive symbol numbers have different state values. Because of this, the guaranteed symbol transition in
the sequence of symbols 2604 may serve to embed a clock signal, thereby freeing the clock line SCL in an I2C bus for
data transmissions. On the receiver side (RX: S to T) the logic is reversed: Ttmp = Cs + 4 - Ps and T = Ttmp = 3 ? 0 : Ttmp.
[0092] FIG. 27 is a first diagram 2700 that illustrates one example of a technique for converting a transition number
to a symbol number. A symbol S may be transmitted over the SDA line 318 and SCL line 316 when a control data bus
330 is operated in CCIe mode. In one example, each symbol may be made up of 2 bits, with the LSB assigned to the
SCL line 216 and the MSB assigned to the SDA line 218.
[0093] Each ternary transition number T may be characterized as follows:

T=1 when S transitions from previous state to current state clockwise by one state on the symbol ordering circle;
T=2 when S transitions from previous state to current state clockwise by two states on the symbol ordering circle; and
T=0 when S transitions from previous state to current state clockwise by three states on the symbol ordering circle.

A data transmission over the data control bus 330 in CCIe mode may employ any transition number. That is, all possible
transition number values are available to be used for generating each symbol that encodes data. The symbol is selected
using the transition number to identify a symbol that is different from the previously transmitted symbol.
[0094] FIG. 28 is a second diagram 2800 that illustrates certain aspects of the encoding technique illustrated in FIG.
27. In this diagram 2800 each ternary transition number T may be characterized as follows:

T=1 when S transitions from previous state to current state clockwise by one state on the symbol ordering circle; and
T=2 when S transitions from previous state to current state across the symbol ordering circle;
T=0 when S transitions from previous state to current state counter-clockwise by one state on the symbol ordering
circle.

The second diagram 2800 shows that SCL line 316 always toggles when T=0 or 1, and the SCL line 316 does not toggle
when T=2.
[0095] FIG. 29 is a diagram that illustrates certain conditions that may occur when an SDA mask 3122 is asserted,
which may occur condition during an in-band IRQ period. As noted herein, the SDA line 318 is masked during the in-
band IRQ period to avoid generation of extra clock pulses. The SCL line 316 does not toggle when transition number T
= 2 is sent, and according to I2C protocols, the SDA line 318 is observed to be always high regardless of its actual state
when the SDA signal is masked, no symbol transition. Consequently, T=2 may be prohibited while SDA Mask=1, since
a slave device generates no transitions on its receive clock if T=2 is during the SDA Mask period.
[0096] FIG. 30 illustrates a side-effect of the use of an SDA Mask of FIGS. 25 and 29. Even if T is not equal to 2, any
transition T values that would result in logic 0 for the SDA line 318 is aliased to T[2:0]=010 that assume SDA bit is always
1, because the SDA line 318 is always seen as logic 1 state during the in-band IRQ period.
[0097] FIG. 31 includes a table 3100 and timing diagram 3120 that illustrate certain aspects related to the use of a
heartbeat clock for in-band IRQs. The heartbeat may be generated using values that occupy the number space 0x81BD6
through 0x81BF0 (i.e., 27 addresses) within the ternary number space. The fact that T=2 is prohibited and any other T
combinations are aliased to T=010 while SDA Mask=1 means that a heartbeat word that supports in-band IRQ occupies
not only one address, but it effectively occupies 27 addresses of Bit-19 region. The use of the particular heartbeat pattern
prohibits use of the ternary number 2222_2222_2222, which is 81BF0 hex, and is very useful as the first word of the
two-word CCIe synchronization. The ternary number 2222_2222_2222 facilitates absolute synchronization.
[0098] FIG. 32 is a table 3200 that illustrates an example of the use of Bit-19 of the ternary number illustrated in FIG.
31 to map CCIe mode transmissions. In this example, the heartbeat may be assigned to the ternary number
2222_2222_20103. Note that in this example, so long as a ternary number in the range of 2222_2222_2xxx3 is detected,
this may be interpreted as a heartbeat and/or in-band IRQ (e.g., 0x81BD9 hex).
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Second Example of an In-Band IRQ Technique

[0099] FIGs. 33 and 34 include timing diagrams 3300, 3400 that illustrate a technique for implementing in-band IRQ
on a control data bus 330 that is operated or operable in CCIe mode. In one example, a reduction in the number of
receiver clock RXCLK cycles needed to perform in-band IRQ may be reduced with respect to the example described in
relation to FIG. 25. The timing diagram 3300 corresponds to a protocol for providing an in-band IRQ period 3306, in
which a receiving slave device may detect, for example, the nth RXCLK pulse 3314 after the start S indicator 3312. The
nth RXCLK pulse 3314 may trigger an internal SDA mask 3324 to internally (e.g., within a receiving slave device) mask
the SDA line 318.
[0100] At the n+1 RXCLK pulse 3316, the slave device may trigger an IRQ by pulling the SDA line 318 low. Before
the arrival of the n+1 RXCLK pulse 3316, the master device may cause the SDA line 318 to be pulled (weakly) to a high
state using a resistive pull-up or the like. An in-band IRQ may be indicated when a slave device pulls the SDA line 318 low.
[0101] Rather than waiting until the next clock cycle, between the n+1 RXCLK pulse 3316 but before the n+2 RXCLK
pulse 3318, the master device may monitor the SDA line 318 to ascertain if and/or when the SDA line 318 goes low as
an indication that an in-band IRQ request has been asserted. It will be appreciated that such monitoring of the SDA line
318 by the master device may be performed only during the IRQ period to asynchronously detect any IRQ requests
from slave devices. At the n+2 RXCLK pulse 3318, the slave device may release the SDA line 318 in order to de-assert
the in-band IRQ. Between the n+2 and n+3 RXCLK pulses, the master device may re-enable SDA driver and may begin
to drive the SDA line 318 to a high level. Consequently, the receiver of the asserting slave device can safely release
SDA mask at the n+3 RXCLK pulse 3320. At the n+3 RXCLK pulse 3320, the slave device may release the SDA mask
3324. In this manner, an in-band IRQ may be transmitted by a slave device during the IRQ period 3306 defined on the
SDA line.
[0102] FIG. 35 is a timing diagram 3500 that illustrates aliasing conditions when an SDA Mask 3324 is employed, and
FIG. 36 includes a timing diagram 3600 that illustrates certain aspects related to a heartbeat clock provided during in-
band IRQ in accordance with the example presented in FIGs 33-35. A heartbeat word may occupy the number space
0x81BBB∼0x81BD5 (i.e., 27 addresses) within the ternary number space. Similar to the heartbeat discussed in relation
to FIGS. 25-32, an alternative heartbeat for the example in FIGS. 33-35 also occupies 27 addresses of Bit-19 region.
However, this alternative heartbeat does not prohibit use of the 2222_2222_2xxx ternary number space, such that the
2222_2222_2222 word is still available for synchronization. This heartbeat pattern may also necessitate that a master
device use an asynchronous in-band IRQ detection circuit in order to accommodate a shorter in-band IRQ period.
[0103] FIG. 37 is a diagram that illustrates a method by which heartbeats may be transmitted when the master device
is in an active mode 3700 and when the master device is in a power savings mode 3720. During normal operations, the
master device may be in active mode 3700, and the master device may periodically send the heartbeat word 3702 in
order to allow slave devices to issue in-band IRQs. The heartbeat word interval may be such that it will not starve slaves
of the opportunity to assert interrupts.
[0104] When the master device is in power saving mode 3720, the same heartbeat 3702 can also be transmitted,
thereby allowing the slave devices on the bus an opportunity to issue an in-band IRQ during power saving mode.
[0105] FIG. 38 is a timing diagram 3800 that illustrates a combination synchronization word 3804 and heartbeat word
3802. The heartbeat word 3802 may serve as the second word of a two-word synchronization word sequence. In one
example, the two-word synchronization sequence may start with a first word 3804 word having all digits = 2 (value =
2222_2222_2222) and denoted as "SY-", while the heartbeat word 3802 may have a value = 2222_2222_1101 and be
denoted as "-NC. The "SY-" word may cause receiving devices to generate 14 transition state 2s including
one "2" associated with a Start condition, and one "2" after the last symbol when the symbol representing bus signaling
state turns form 1 (SDA=0, SCL=1) to 3 (SDA=1, SCL=1). The "-NC" word may cause receiving devices to generate 9
transition state 2s including one "2" associated with a Start condition.
[0106] The combining of the "SY-" word and the "-NC" word may be referred to as a "SYNC’" that provides a total of
23 transition state 2s followed by "1101" sequence. This sequence is a unique sequence and does not occur in other
CCIe transactions. CCIe devices may use the sequence to synchronize to a CCIe word boundary.
[0107] FIG. 39 is a table 3900 that illustrates the synchronization and heartbeat mapping within Bit-19 of the CCIe
protocol. Numerical space 0x81BD6 through 0x81BEF hex, spanning 27 numbers, may be prohibited in order to make
the two word pattern "SY-NC" that includes twenty-three "2"s and the "1101" bit pattern are unique and used only for
synchronization. The master device can periodically send "SY-" word before the heartbeat, which is "-NC" word, in order
to allow slave devices to resynchronize in case of synchronization loss, or to permit hot-plugged slaves to synchronize
to the bus.

In-Band SID Scan and Response

[0108] Each slave device coupled to a control data bus 330 may be uniquely identified by a slave identifier (SID). The
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master device may perform a scan of the slave devices coupled to the control data bus in order to learn their SIDs. A
scan may be performed at start-up and/or power-up of a device, when a new device has been plugged onto the bus
(hot-plug, for example), and/or periodically. When the master device senses that an IRQ has been issued by a slave
device, it may then scan the slave devices to identify which device issued the IRQ. In one approach, the master device
may initiate an SID scan in which a sequence of SIDs, or elements thereof, is sent and a slave device which matches
such SID or SID element pull the SDA line low to indicate a match.
[0109] FIG. 40 illustrates one example 4000 of a CCIe transmission that includes an SID "Scan All" command 4002
and its corresponding payload 4004. The SID "Scan All" command 4002 (identified by "0x4" code) may be issued by a
master device. The payload 4004 may include a Unit SID inquiry sequence 4010. Each Unit SID inquiry sequence 4010
includes an SID Mask Pair 4008 and a response (RESP) word 4006. The SID Mask Pair 4008 may define a mask that
identifies a bit position within an SID to inquire about.
[0110] As illustrated in the table 4020, the 32-bit SID Mask Pair 4008 (spread over two 16-bit data D0 and D1) serves
to identify whether one or more bit locations of a 16-bit SID is being queried and, if so, for which value (or bit-settings)
it is being queried. For instance, bit [1] of the SID Mask Pair 4008 may define whether bit [0] of an SID is to be checked
or masked (i.e., not checked). If bit[1] indicates "check", then bit[0] of the SID Mask Pair 4008 defines whether the inquiry
is for "0" or "1".
[0111] A period defined by the RESP word 4006 allows slave devices to respond to the SID inquiry in-band over the
shared bus. For each Unit SID inquiry sequence 4010, each slave device which has one or more non-masked SID bits
that match corresponding inquiry bits (i.e., the slave device’s SID has one or more bits at an inquired location or locations
that match the one or more inquiry bit) sends an inquiry response in-band over at least one line of the shared bus. This
allows the master device to ascertain whether or not any slave device on the bus has a partially matching SID (i.e., an
SID that has a bit at the inquired bit location that matches the inquiry bit).
[0112] Multiple Unit SID inquiry sequences 4010 are sent by the master device to fully identify the SID for all devices
coupled to the shared bus.
[0113] The "Scan All" command 4002, or a variant thereof, may be issued on occasions that are not directly related
to boot up of the master. In one example, the master device may scan for all slave devices coupled to the control bus
in order to check whether all slave devices are in synchronization. In this example, the master device need not necessarily
execute a complete "blind scan", and the master may issue inquiries without masks and/or with masks that do not exclude
any SID bits from comparison because the master device may already know which slave devices are coupled to the
bus. In another example, the master device may scan for all slave devices coupled to the control bus in order to check
whether one or more specific devices are in synchronization. In this example, the master device may send only one unit
SID inquiry for each slave device to be scanned.
[0114] FIG. 41 illustrates a timing diagram 4100 for an SID Scan response (the RESP word 4006), over a shared bus
comprising an SDA line and a SCL line. In this example, an SID scan response 4130 is identified by ternary number
2222_2221_21013 or hex 0x81B8F which is equal to the twelve-symbol sequence 3131_3130_2323. These symbols
are transmitted over the SDA line 4126 and SCL line 4127. To allow the slave devices to use the SDA line 4126 to
respond to an SID scan inquiry during a response period 4106, the master device releases the SDA line 4126 and causes
the SDA line 4126 to be weakly pulled high. Each receiver device then masks the SDA line input to its clock data recovery
circuit (CDR) for the response period 4106. The master toggles (changes states of) the SCL line so that each receiver
device is able to recover a clock from such toggling on the SCL line while the SDA line is in use.
[0115] The RESP word 4006 may be nearly identical to a Heartbeat word. The RESP word 4006 may have at least
one difference with respect to the Heartbeat word such that master and/or slave devices can differentiate the RESP
word 4006 from the Heartbeat word. The Heartbeat word and the RESP word 4006 may be adjacent or nearly adjacent
within a Bit-19 ternary space (i.e., a address space where the Bit-19 value is constant), leaving a large continuous region
available for other control and signaling purposes. In one example, a large continuous region in the lower portion of a
Bit-19 high region may be reserved and/or used for other purposes. The availability of in-band response capability
provided by a RESP word 4006 enables slave devices to send a response in-band, instead of using a dedicated side-
band IRQ line.
[0116] According to the CCIe protocol, a receiving slave device may detect, for example, the nth RXCLK 4114 after
the start S indicator 4112. The nth RXCLK 4114 may trigger an internal SDA mask 4124 to internally (e.g., within a
receiving slave device) mask the SDA line 4126 within each listening CCIe device.
[0117] At the n+1 RXCLK 4116, the slave device may assert/issue a response by pulling the SDA line 4126 low. The
SDA line 4126 is weakly pulled high by the master device, so that when it is pulled low (by a slave device) this serves
to indicate a positive response to the SID scan inquiry. By weakly pulling the SDA line 4126 high, this allows a slave
device to pull the SDA line 4126 low to assert the response to the SID scan inquiry.
[0118] Rather than waiting until the next clock cycle, between the n+1 RXCLK 4116 but before the n+2 RXCLK 4118,
the master device may monitor the SDA line 4126 to ascertain if and/or when it goes low, meaning a response has been
asserted/issued. Note that such monitoring of the SDA line 4126 by the master device may be performed only during
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the response period 4106 to asynchronously detect any asserted/issued response from slave devices.
[0119] At the n+2 RXCLK 4118, the slave device may release the SDA line 4126.
[0120] Between n+2 RXCLK 4118 and n+3 RXCLK 4120, the master device may re-enable its SDA line driver and
starts driving the SDA line 4126 high. Consequently, the receiver device (e.g., asserting slave device) can safely release
SDA mask 4124 at n+3 RXCLK 4120.
[0121] At the n+3 RXCLK 4120, the slave device may release the SDA mask 4124. In this manner, an SID scan
response may be transmitted by a slave device during the response period 4106 defined on the SDA line 4126.
[0122] FIG. 42 is a table 4200 that illustrates possible SID scan response words that may be used by the CCIe protocol
for a using ternary number 2222_2221_21013 (0x81B8F hex).

IRQ Group Inquiry

[0123] In order to identify an IRQ asserting slave device, the slave devices may be assigned or associated with a
"group". Thus, the master device may send an inquiry to identify the slave device(s) that asserted an IRQ request. A
slave device that asserted the IRQ may respond to the inquiry only within its assigned group, thereby identifying the
asserting slave device to the master device.
[0124] FIG. 43 is a diagram 4300 that illustrates an IRQ group inquiry general call within an exemplary CCIe protocol.
The master device may broadcast a general call IRQ group inquiry 4320 to all slave devices on the shared bus. Following
the IRQ group inquiry command 0x0007 hex 4302, a plurality of IRQ group inquiry words 4304 are sent. In one example,
each inquiry word has 3 inquiry response slots, and total 33 slots, for group 0 to group 32. In one example, the inquiry
words 4304 may include from one (1) to eleven (11) IRQ group inquiry words (IQ) and one terminator word (Term) 4306
at the end. An example of a terminator word 4400 is illustrated in FIG. 44. For each inquiry word 4304, all slave devices
mask the SDA line of the shared bus. At each IRQ group inquiry (IRQ) word 4308 of the payload 4304 of the general
call, each slave receiver must start masking SDA at T11 RXCLK and release the mask at dummy (T-1) RXCLK.
[0125] In the example depicted in FIG. 43, the IRQ group inquiry may be determined when the message type of the
call has the value 0x7. As noted, there may be three time slots in each IQ word of the payload of the general call assigned
to three different IRQ groups. In each slot, one or more slave devices in each assigned group can drive the SDA line as
an inquiry response to indicate it has issued an IRQ or is has an IRQ that has not been serviced. The master devices
may choose numbers of IRQ group inquiry (IRQ) words based on number of IRQ groups associated with the bus.
[0126] In some instances, or as needed, the master device may send a shorter inquiry word sequence than the
sequence length needed to cover all existing groups. In one example, the shorter inquiry word sequence may be sent
to shorten inquiry time for frequent and short latency events, and a full inquiry may be performed less frequently to cover
all groups on the bus. The sequence of the IRQ group inquiry (IQ) words may conclude with a terminator word (Term).
[0127] As illustrated in FIG. 44, the symbol pattern of the terminator word 4400 may be chosen so that each receiver
can recognize the word is a terminator word 4400 (i.e., the Term word 4306), rather than an IRQ group inquiry (IQ) at
location T11 such that receivers knows when to stop masking SDA and to terminate the IRQ group inquiry general call
processing. The use of the terminator (Term word 4400) scheme permits the length of a payload to be flexibly set, and
the length of the IRQ group inquiry (IQ) word sequence can exceed 11 words if necessary.
[0128] The IRAQ group inquiry call may define bit values for certain words to simplify logic and decision making at the
slave device related to variable length transmissions and the activation of an SDAMASK signal 4124, 4424. In one
example, the difference between the RESP word 4006 (see FIG. 40) and certain other words associated with general
calls may be observed in differences between the initial symbol 4103 of the RESP word illustrated in FIG. 41 and the
initial symbol 4403 of the Term word 4306 (see FIG. 43) illustrated in FIG. 44. That is, differences that are apparent
between the first (most significant) symbols 4103, 4403 of the corresponding transmitted sequences of symbols 4104,
4404 may be used by receivers to rapidly determine the disposition of the SDAMASK signal 4124, 4424 before decoding
of the whole word is completed. In particular, the slave devices can detect a Start conditions as the symbol values {3,
1} in both received symbol sequences 4104, 4404. Upon detecting the START condition, each slave device may initialize
a symbol counter (SYMCNT) 4402 that can be used to track the number of symbols received by the slave device. In
one example, SYMCNT 4402 may be initialized with a value of 0xB, and SYMCNT 4402 may be decremented for each
symbol received. Accordingly, the slave devices may determine the state of SDAMASK signal 4124, 4424 based on the
value of the symbol 4103 or 4403 received when SYMCNT 4402 has a value of 0xB. When the RESP word 4006 is
being received, the symbol 4103 has a value of 3 when SYMCNT 4402 has a value of 0xB, indicating that the SDAMASK
signal 4124 is to be enabled. When the Term word 4306 is being received, the symbol 4403 does not have a value of
3 (here, the value is 0) when SYMCNT 4402 has a value of 0xB, indicating that the SDAMASK signal 4424 is to be
disabled. The configuration of symbols used to encode the RESP word 4006 and the Term word 4306 enables slave
devices to terminate RESP or general call sequences thereby enabling variable length sequences to be handled.
[0129] In some instances, the three slots for the first IRQ group inquiry (IQ) are assigned to Group 0, 1, and 2. Groups
with smaller numbers are assigned to earlier response slots. Group 0 may be reserved for hot-plugged devices or for
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devices that the master has not yet recognized on the bus system. Since at least one IRQ group inquiry (IRQ) word
must be sent, any hot-plugged device that issued an IRQ can always be recognized.
[0130] FIG. 45 illustrates the response to a group inquiry call. In this example, one or more response periods (i.e.,
inquiry words) may be defined on the SDA line 4508 by transferring clocking to the SCL line 4510 and using an SDA
mask 4512. In this example, three separate slots 4502, 4504, and 4506 have been defined for each inquiry (IQ) word
4308 (see FIG. 43). Each of the three time slots 4502, 4504, and 4506 in each IQ word 4308 may be assigned to three
different IRQ groups. The slave devices assigned to each slot 4502, 4504, and 4506 can drive the SDA line 4508 during
the assigned slot 4502, 4504, and 4506 as an inquiry response to indicate it has issued an IRQ or is has an IRQ that
has not been serviced. Since each IRQ group inquiry word 4308 has three inquiry response slots 4502, 4504, and 4506,
and maximum 11 IRQ group inquiry (IRQ) words can be in the general call payload 4304, there can be maximum 33
group slots in one call.
[0131] Up to thirty-two (32) devices may be assigned to groups such that only one device is in one group, thereby
providing immediate identification of IRQ issuers. This approach identifies multiple IRQ groups at once, thereby reducing
the number of IRAQ scans necessary (e.g., fewer IRQ nesting). Alternatively, multiple devices may be assigned to each
group, but an additional inquiry may be necessary by the master device to identify which of the plurality of devices in
the group issued the IRQ.
[0132] The master device may chose the number of IRQ group inquiry (IQ) words to include in a general call based
on number of IRQ groups on the bus system. In some examples, the master device may send a lesser number of inquiry
words 4308 (e.g., less than a maximum number of eleven (11)). This may allow shortening the time for the IRQ group
inquiry general call.
[0133] The sequence of the IRAQ group inquiry (IQ) words ends with a terminator word (Term) 4306. The symbol
pattern of the terminator word 4306 may be chosen so that each receiver slave device can recognize the word is a
terminator (Term), not an IRAQ group inquiry (IQ) at T11 RXCLK to know when to stop masking the SDA line 4508 and
end of the IRQ group inquiry general call,
[0134] The three slots 4502, 4504, and 4506 for the first IRQ group inquiry (IQ) may be assigned to Group 0, 1, and
2. A group with smaller number may be assigned to earlier response slots.
[0135] In one example, Group 0 may be reserved for hot-plugged devices or devices that the master device has not
yet recognized on the shared bus. Since at least one IRQ group inquiry (IQ) word must be sent, any hot-plugged device
that issued an IRAQ is always recognized.
[0136] Thanks to the use of the terminator (Term) word 4306, the length of a payload 4304 can be flexibly set, and
the length of the IRQ group inquiry (IRQ) word sequence can exceed 11 words if necessary.
[0137] IRQ group inquiry may be used for side-band IRQ, where a separate IRQ signal line may be used by slave
devices to request interrupt service. The master can identify requesting devices using IRQ group inquiry, and the master
device need not determine IRQ group by measuring IRQ assertion period with a precise free-running timer. In this
respect, the slave devices need not generate IRQs with precise timing and the slave devices need not arbitrate IRAQ.
Accordingly, the slave device and/or master device can operate without a precise free-running timer to create and
measure IRQ period for group identification.
[0138] According to certain aspects, IRQ group inquiry can support simultaneous IRQ assertions by multiple groups
without any group being subjected to arbitration loss. The master device can recognize all IRQs at once, and slave
devices need not keep repeating IRQs as a result of arbitration loss. Accordingly the slave devices are less likely to
experience access "starvations."

Global Clock Rear

[0139] CCIe is a source synchronous symbol transition clocking system A device that sends data over the control data
bus also sends clock information embedded within the data. Unlike 12C, all slaves devices must use their own clock
source to generate read data with clock information. Techniques described herein for IRQ group inquiry, e.g., always
toggling SCL line while having all slave devices mask their SDA input and allow slave devices to drive the SDA line,
may also be used to perform a global clock read.
[0140] As can be appreciated from FIGs. 43-45, an IRQ group inquiry word may be limited to carrying only 3 slave
responses, mainly in order to allow multiple slaves with different RXCLK timings to drive the SDA line within the same
time slot. However, allowing only a single slave device to drive the SDA line during an SDA mask permits implementing
a double data rate (DDR) global clock read.
[0141] FIG. 46 illustrates an example 4600 of a global clock read general call that corresponds to an example of a
DDR global clock read implementation, Before starting a DDR global clock read sequence, the master device may issue
some CCIe protocol transmission, such as general call. The general call transmission may indicate:

1. The following sequence is DDR global clock read.
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2. The number of words of DDR global clock read.
3. The SID of the device from which to read data.
4. The register address of the device from which to read data.

[0142] Each of the devices on the bus is adapted or configured to understand that all of the CCIe transactions after
the general call relate to DDR global clock read, until a specified number of words have been sent.
[0143] In the DDR global clock mode, all the devices on the bus may mask the SDA input to their clock data recovery
(CDR) circuit during the symbol period including dummy symbol at the end of a word. The addressed slave device drives
the SDA line 318 low at the 2nd RXCLK pulse (not including RXCLK by the START condition), and that logic 0 is used
by the master device to calibrate its clock to sample the SDA line (SDACLK). From the 3rd RXCLK, the addressed slave
device can drive out 9-bits of data serially. The 9-bits of data can be MSB first or LSB first or other format depending on
system requirement. During this period, the master device provides or drives a DDR global clock on the SCL line. The
slave device may drive the SDA line 318 high at the 12th RXCLK, and release the SDA line 318 at the 13th RXCLK.
[0144] The master device releases the SDA line 318 after the 1st symbol "3" is sent, and enables its SDA driver and
drives the SDA line 318 high after the last symbol "2." After releasing the SDA line 318 the SDA line 318 may be weakly
pulled to a high state. The master samples in SDA line 318 at SDACLK timing to shift-in the 9 read data bits. The master
may resume driving the SDA line 318 after the last symbol ("2"), by transmitting the symbol "3."
[0145] FIG. 47 is a timing diagram illustrating certain aspects of a global clock read word, A first clock signal SDACLK
4702 and a second clock signal RXCLK 4704, indicate internal signals within the master device. The second clock signal
RXCLK 4704 may be generated by a clock data recovery circuit (CDR) of the master device. The first clock signal
SDACLK 4702 may be generated by a clock generation circuit 4706 which may be used by the master device to sample
data values from a SDA line 4708 (which is part of the shared bus) when driven by a slave device signal. The first clock
signal SDACLK 4702 may be generated only when an SDAMASK signals 4710 is 1 (SDA line 4708 input to CDR is
masked).
[0146] Since it is a slave device that drives the SDA line 4708 during a global clock read period, all the devices on the
bus (including the master device) mask the SDA line 4708 input to their CDR during this period, which starts at the
second clock signal RXCLK rising 4712 from the START condition and ends at the last RXCLK rising edge 4714 for the
word by the dummy symbol.
[0147] In this example, the master device sends 0x5BE75 (2010_1010_10103) for a global clock read word. Since
this is the payload portion of the global clock read general call, each device on the shared bus knows that global clock
read words follows after the call message "6", each device also knows when to start and end the SDAMASK 4710.
[0148] In some instances, the SDACLK 4702 may be generated at the master device with a delay with respect to its
RXCLK 4704 to cope with read data turnaround delay on the SDA line 318. The duration of the delay may be optimized
by measuring turnaround delay of the first known data (e.g., 1 to 0 falling on the SDA line 318) at the master device.
[0149] In some instances, slave devices may activate SDAMASK at each global clock read word only after a global
call. The masking of the SDA line 318 can prevent any slave devices on the bus that are not addressed to be unaffected
by the GCR word data (seen as 2010_1010_10103 by each slave).
[0150] Each device expects the global clock read word for next word unless next word is the "Terminator" word that
has distinct signal pattern at the first symbol.
[0151] Since the data signal on the SDA line 4708 is driven by a slave device using a RXCLK 4716 from the slave
device’s DDR, the master device must delay "properly" its second clock signal RXCLK 4704 from the master device’s
CDR in order for the master device to sample the data with enough setup and hold time. The master device learns that
"prosper delay at the first falling edge of the SDA line 4708 that is driven by the slave device per the global clock read
protocol after the master device sent out the second symbol of the global clock read word (i.e., T10 cycle), The "calibration
logic" 4718 measures delay of the SDA line 4708 falling from the beginning of the T10 cycle, and used the delay to
configure "SDACLK delay", so that the master device reliable samples the SDA line 4708 transmissions from the slave
device from next symbol.

Examples of Apparatus, Systems and Methods Involving a Common IRQ Bus

[0152] FIG. 48 is a conceptual diagram 4800 illustrating a simplified example of a hardware implementation for an
apparatus employing a processing circuit 4802 that may be configured to perform one or more functions disclosed herein,
In accordance with various aspects of the disclosure, an element, or any portion of an element, or any combination of
elements as disclosed herein for managing or initiating interrupts using a common IRQ bus may be implemented using
the processing circuit 4802. The processing circuit 4802 may include one or more processors 4804 that are controlled
by some combination of hardware and software modules. Examples of processors 4804 include microprocessors, mi-
crocontrollers, digital signal processors (DSPs), field programmable gate arrays (FPGAs), programmable logic devices
(PLDs), state machines, sequencers, gated logic, discrete hardware circuits, and other suitable hardware configured to
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perform the various functionality described throughout this disclosure. The one or more processors 4804 may include
specialized processors that perform specific functions, and that may be configured, augmented or controlled by one of
the software modules 4816. For example, the processing circuit may be configured as a communications processor or
another type of processor that may be adapted to handle encoding and decoding of data for transmission on one or
more wireless networks. The one or more processors 4804 may be configured through a combination of one or more
software modules 4816 loaded during initialization, and may be further configured by-loading or unloading one or more
of the software modules 4816 during operation.
[0153] In the illustrated example, the processing circuit 4802 may be implemented with a bus architecture, represented
generally by the bus 4810. The bus 4810 may include any number of interconnecting buses and bridges depending on
the specific application of the processing circuit 4802 and the overall design constraints. The bus 4810 links together
various circuits including the one or more processors 4804, and storage 4806. Storage 4806 may include memory
devices and mass storage devices, and may be referred to herein as computer-readable media. The bus 4810 may also
link various other circuits such as timing sources, timers, peripherals, voltage regulators, and power management circuits.
A bus interface 4808 may provide an interface between the bus 4810 and one or more transceivers or line interface
circuit 4812. A line interface circuit 4812 may include differential line drivers and receivers, a CDR, encoders and decoders
that are used in communicating with various other apparatus over a transmission medium that may include a multi-wire
serial bus. Depending upon the nature of the apparatus, a user interface 4818 (e.g., keypad, display, speaker, microphone,
joystick) may also be provided, and may be communicatively coupled to the bus 4810 directly or through a bus interface
4808.
[0154] A processor 4804 may be responsible for managing the bus 4810 and/or for general processing that may
include the execution of software stored in a computer-readable medium that may include the storage 4806. In this
respect, the processing circuit 4802, including the processor 4804, may be used to implement any of the methods,
functions and techniques disclosed herein, The storage 4806 may be used for storing data that is manipulated by the
processor 4804 when executing software, and the software may be configured to implement any one of the methods
disclosed herein.
[0155] One or more processors 4804 in the processing circuit 4802 may execute software. Software shall be construed
broadly to mean instructions, instruction sets, code, code segments, program code, programs, subprograms, software
modules, applications, software applications, software packages, routines, subroutines, objects, executables, threads
of execution, procedures, functions, algorithms, etc., whether referred to as software, firmware, middleware, microcode,
hardware description language, or otherwise. The software may reside in computer-readable form in the storage 4806
or in an external computer readable medium. The computer-readable medium and/or storage 4806 may be a non-
transitory computer-readable medium. A non-transitory computer-readable medium includes, by way of example, a
magnetic storage device (e.g., hard disk, floppy disk, magnetic strip), an optical disk (e.g., a compact disc (CD) or a
digital versatile disc (DVD)), a smart card, a flash memory device (e.g., a "flash driven," a card, a stick, or a key drive),
a random access memory (RAM), a read only memory (ROM), a programmable ROM (PROM), an erasable PROM
(EPROM), an electrically erasable PROM (EEPROM), a register, a removable disk, and any other suitable medium for
storing software and/or instructions that may be accessed and read by a computer. The computer-readable medium
and/or storage 4806 may also include, by way of example, a carrier wave, a transmission line, and any other suitable
medium for transmitting software and/or instructions that may be accessed and read by a computer. Computer-readable
medium and/or the storage 4806 may reside in the processing circuit 4802, in the processor 4804, external to the
processing circuit 4802, or be distributed across multiple entities including the processing circuit 4802. The computer-
readable medium and/or storage 4806 may be embodied in a computer program product. By way of example, a computer
program product may include a computer-readable medium in packaging materials. Those skilled in the art will recognize
how best to implement the described functionality presented throughout this disclosure depending on the particular
application and the overall design constraints imposed on the overall system.
[0156] The storage 4806 may maintain software maintained and/or organized in loadable code segments, modules,
applications, programs, etc., which may be referred to herein as software modules 4816. Each of the software modules
4816 may include instructions and data that, when instaled or loaded on the processing circuit 4802 and executed by
the one or more processors 4804, contribute to a run-time image 4814 that controls the operation of the one or more
processors 4804. When executed, certain instructions may cause the processing circuit 4802 to perform functions in
accordance with certain methods, algorithms and processes described herein.
[0157] Some of the software modules 4816 may be loaded during initialization of the processing circuit 4802, and
these software modules 4816 may configure the processing circuit 4802 to enable performance of the various functions
disclosed herein. For example, some software modules 4816 may configured internal devices and/or logic circuits 4822
of the processor 4804, and may manage access to external devices such as the line interface circuits 4812, the bus
interface 4808, the user interface 4818, timers, mathematical coprocessors, and so on. The software modules 4816
may include a control program and/or an operating system that interacts with interrupt handlers and device drivers, and
that controls access to various resources provided by the processing circuit 4802, The resources may include memory,
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processing time, access to the line interface 4812, the user interface 4818, and so on.
[0158] One or more processors 4804 of the processing circuit 4802 may be multifunctional, whereby some of the
software modules 4816 are loaded and configured to perform different functions or different instances of the same
function. The one or more processors 4804 may additionally be adapted to manage background tasks initiated in response
to inputs from the user interface 4818, the line interface circuits 4812, and device drivers, for example. To support the
performance of multiple functions, the one or more processors 4804 may be configured to provide a multitasking envi-
ronment, whereby each of a plurality of functions is implemented as a set of tasks serviced by the one or more processors
4804 as needed or desired. In one example, the multitasking environment may be implemented using a timesharing
program 4820 that passes control of a processor 4804 between different tasks, whereby each task returns control of
the one or more processors 4804 to the timesharing program 4820 upon completion of any outstanding operations and/or
in response to an input such as an interrupts. When a task has control of the one or more processors 4804, the processing
circuit is effectively specialized for the purposes addressed by the function associated with the controlling task. The
timesharing program 4820 may include an operating system, a main loop that transfers control on a round-robin basis,
a function that allocates control of the one or more processors 4804 in accordance with a prioritization of the functions,
and/or an interrupt driven main loop that responds to external events by providing control of the one or more processors
4804 to a handling function.
[0159] FIG. 49 is a flowchart 4900 illustrating a first example of a method for asserting, receiving, and/or processing
an in-band IRQ according to certain aspects disclosed herein, The method may be implemented by a master device or
a combination of master and slave devices, for example.
[0160] At block 4902, data transmissions over a bus from a master device may be controlled. Data bits may be
transcoded into symbols for transmission across two lines of the bus and a clock signal is embedded within symbol
transitions of the data transmissions.
[0161] At block 4904, the bus may be monitored during an interrupt period associated with transmission of a heartbeat
word by the master device over a first line and a second line of the bus. The one or more slave devices may be enabled
to assert an interrupt request using the first line of the bus in response to the transmission of the heartbeat word. The
transmission of the heartbeat word may produce a pulse on a receive clock generated from signaling state of the first
line and the second line while the bus is in an idle mode of operation.
[0162] In some examples, the heartbeat word may be selected from a set of twenty-bit words that have a most significant
bit set to a first logic value. Payload data transmitted between the master device and the one or more slave devices may
include twenty-bit words that have the most significant bit set to a second logic level. The one or more slave devices
may be adapted to assert an interrupt request by transmitting a response word on the first line and a second line of the
bus. The response word may differ from the heartbeat word by one bit and has a most significant bit identical to a most
significant bit of the heartbeat word.
[0163] In another example, the one or more slave devices may be adapted to internally mask the first line during the
interrupt period for purposes of decoding transcoded data bits received from the bus. A slave identifier scan response
period may be provided during which one or more slave devices coupled to the bus can provide their unique identifier
over a first line of the bus, within part of a slave identifier scan initiated by the master device over the first line and a
second line of the bus.
[0164] In another example, each of the one or more slave devices may be configured to mask the first data line. The
SID scan response period may be provided during transmission of a global call on the bus. Each of the one or more
slave devices may be configured to mask the first data line when transmitting a response after the global call has been
transmitted on the bus.
[0165] In one example, the master device may perform a scan of the slave devices over the bus to identity a slave
device asserting the interrupt request. The master device may receive an indicator from the asserting slave device over
the first line.
[0166] In another example, a slave device may assert an interrupt request by pulling down the first line during the
interrupt period. The slave device may internally mask the first line during the interrupt period for purposes of decoding
the transcoded data bits received over the bus. According to certain aspects, all slave devices coupled to the bus also
internally mask the first line during the interrupt period.
[0167] In another example, a slave identifier scan response period may be provided. During this period, one or more
slave devices coupled to the bus can provide their unique identifier over a first line of the bus, within part of a slave
identifier scan initiated by the master device over the first line and a second line of the bus.
[0168] In another example, a data read period may be defined in which a previously identified slave device is allowed
to transmit data over a first line of the bus while the master device sends a global read clock over a second line of the
bus. The global read clock may be a double data rate clock.
[0169] FIG. 50 is a flowchart 5000 illustrating an example of a method for generating IRQs according to certain aspects
disclosed herein. The method may be implemented by a slave device, for example.
[0170] At block 5002, the slave device may receive data transmissions over a bus from a master device. Data bits of
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the data may be transcoded into symbols for transmission across two lines of the bus. A clock signal may be embedded
within symbol transitions of the data transmissions. An interrupt period may be defined within the symbols received over
the bus.
[0171] At block 5004, the slave device may assert an interrupt request on a first line of the bus while receiving a
heartbeat transmission from the master device over the first line and a second line of the bus. The interrupt request may
be an indicator that the asserting slave device wishes to request some action by the master device. The interrupt request
may be asserted by pulling down the first line during the interrupt period.
[0172] In one example, the interrupt request is an indicator that the asserting slave device wishes to request some
action by the master device. The interrupt request may be asserted by pulling down the first line during the interrupt period.
[0173] In another example, the slave device may mask the first data line after detecting the heartbeat word. The first
data line may be masked while transmitting a response to the heartbeat word after a general call has been transmitted
on the bus.
[0174] In another example, the slave device may receive a slave identifier scan request from the master device over
a first line and a second line of the bus, and may provide a unique slave identifier over a first line of the bus within part
of a slave identifier scan slave identifier scan response period provided by the slave identifier scan request.
[0175] In another example, the slave device may send data over a first line of the bus during a data read period,
defined by the master device, in which a previously identified slave device is allowed to transmit data over a first line of
the bus while the while the master device sends a global read clock over a second line of the bus. In some instances,
all slave devices coupled to the bus also internally mask the SDA line during global clock read periods.
[0176] FIG. 51 is a conceptual diagram illustrating an example of a hardware implementation for an apparatus 5100
employing a processing circuit 5102. In this examples, the processing circuit 5102 may be implemented with a bus
architecture, represented generally by the bus 5116. The bus 5116 may include any number of interconnecting buses
and bridges depending on the specific application of the processing circuit 5102. and the overall design constraints. The
bus 5116 links together various circuits including one or more processors, represented generally by the processor 5112,
and computer-readable media, represented generally by the processor-readable storage medium 5114. One or more
timers may be connected to the bus and/or may be directly accessible or embodied in a processor 5112. The bus 5116
may also link various other circuits such as timing sources, timers, peripherals, voltage regulators, and power manage-
ment circuits. Line interface circuits 5112 may include differential drivers and receivers that couple the processing circuit
5102 to a control data bus and/or circuits that couple the processing circuit to an IRQ bus. Depending upon the nature
of the apparatus, a user interface may be provided to support devices such as a keypad, a display, a speaker, a
microphone, a joystick, and the like.
[0177] The processor 5112 is responsible for managing the bus 5116 and general processing, including the execution
of software stored on the processor-readable storage medium 5114. The software, when executed by the processor
5112, causes the processing circuit 5102 to perform the various functions described supra for any particular apparatus.
The processor-readable storage medium 5114 may be used for storing data that is manipulated by the processor 5112
when executing software. The processor-readable storage medium 5114 may also be used for storing system information
related to one or more remotely managed devices (e.g. profiles), and the apparatus 5100 itself.
[0178] In one configuration the processing circuit 5102 may perform one or more functions of a device adapted for
communicating as a bus master on an 12C, CCI, and/or CCIe bus. In a second configuration the processing circuit 5102
may perform one or more functions of a device adapted for communicating as a slave master on the 12C, CCI, and/or
CCIe bus. The processing circuit 5102 may connected through the interface circuits 5118 to a control data bus 5120,
The processing circuit 5102 may include a module or circuit 5104 configured to monitor the CCIe bus 5120 to ascertain
when an in-band IRQ signal is asserted or can be asserted by at least one slave device, a module or circuit 5106
configured to encode or decode data transmitted on the CCIe bus 5120, and a module or circuit 5108 configured to
transmit deceive data using the CCIe bus 5120.
[0179] It is to be understood that the specific order or hierarchy of steps in the methods disclosed is an illustration of
exemplary processes. Based upon design preferences, it is understood that the specific order or hierarchy of steps in
the methods may be rearranged. The accompanying method claims present elements of the various steps in a sample
order, and are not meant to be limited to the specific order or hierarchy presented unless specifically recited therein.
[0180] The previous description is provided to enable any person skilled in the art to practice the various aspects
described herein. Various modifications to these aspects will be readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to other aspects. Thus, the claims are not intended to be limited to the
aspects shown herein, but are to be accorded the full scope consistent with the language of the claims, wherein reference
to an element in the singular is not intended to mean "one and only one" unless specifically so stated, but rather "one
or more." Unless specifically stated otherwise, the term "some" refers to one or more. A phrase referring to "at least one
of" a list of items refers to any combination of those items, including single members. As an examples, "at least one of:
a, b, or c" is intended to cover: a; b; c; a and b; a and c; b and c; and a, b and c. All structural and functional equivalents
to the elements of the various aspects described throughout this disclosure that are known or later come to be known
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to those of ordinary skill in the art are expressly incorporated herein by reference and are intended to be encompassed
by the claims, Moreover, nothing disclosed herein is intended to be dedicated to the public regardless of whether such
disclosure is explicitly recited in the claims. No claim element is to be construed under the provisions of 35 U.S.C. §112,
sixth paragraph, unless the element is expressly recited using the phrase "means for" or, in the case of a method claim,
the element is recited using the phrase "step for."

Claims

1. A method operational on a master device, comprising:

controlling data transmissions over a bus coupling the master device and one or more slave devices, wherein
data bits are transcoded into symbols for transmission across two lines of the bus and a clock signal is embedded
within symbol transitions of the data transmissions; and
monitoring the bus during an interrupt period associated with transmission of a heartbeat word by the master
device over a first line and a second line of the bus, wherein the one or more slave devices are enabled to
assert an interrupt request using the first line of the bus in response to the transmission of the heartbeat word,
wherein the transmission of the heartbeat word produces a pulse on a receive clock generated from signaling
state of the first line and the second line.

2. The method of claim 1, wherein the heartbeat word is selected from a set of twenty-bit words that have a most
significant bit set to a first logic value, and wherein payload data transmitted between the master device and the
one or more slave devices comprises twenty-bit words that have the most significant bit set to a second logic level.

3. The method of claim 2, wherein the one or more slave devices are adapted to assert an interrupt request by
transmitting a response word on the first line or a second line of the bus, and wherein the response word differs
from the heartbeat word by one bit and has a most significant bit identical to a most significant bit of the heartbeat word.

4. The method of claim 1, further comprising:

scanning the one or more slave devices over the bus to identify a slave device asserting the interrupt request;
and preferably
further comprising:

receiving an indicator over the first line from the slave device asserting the interrupt request.

5. The method of claim 1, wherein the one or more slave devices are adapted to assert an interrupt request by pulling
down the first line during the interrupt period; or
wherein the one or more slave devices are adapted to internally mask the first line during the interrupt period for
purposes of decoding transcoded data bits received from the bus.

6. The method of claim 1, further comprising:

providing a slave identifier scan response period, during which one or more slave devices coupled to the bus
can provide their unique identifier over a first line of the bus, within part of a slave identifier scan initiated by the
master device over the first line and a second line of the bus; and preferably
wherein each of the one or more slave devices is configured to mask the first line after detecting transmission
of the heartbeat word; or
wherein providing a slave identifier scan response period comprises:

transmitting a general call on the bus, wherein each of the one or more slave devices is configured to mask
the first line when transmitting a response after the general call has been transmitted on the bus.

7. The method of claim 1, further comprising:

defining a data read period in which a previously identified slave device is allowed to transmit data over a first
line of the bus while the master device sends a global read clock over a second line of the bus; and preferably
wherein the global read clock is a double data rate clock.
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8. A device, comprising:

a bus including a first line and a second line;
one or more slave devices coupled to the bus; and
a master device coupled to the bus and controlling data transmissions between the master device and the one
or more slave devices,
wherein data bits are transcoded into symbols for transmission across the bus and a clock signal is embedded
within symbol transitions of the data transmissions, and
wherein an interrupt period associated with transmission of a heartbeat word by the master device provides an
opportunity for the one or more slave devices to assert an interrupt request on a first line of the bus.

9. The device of claim 8, wherein the one or more slave devices are configured to assert an interrupt request by
transmitting a response word on the first line and a second line of the bus, and wherein the response word differs
from the heartbeat word by one bit and has a most significant bit identical to a most significant bit of the heartbeat word.

10. A method operational on a slave device, comprising:

receiving data transmissions over a bus from a master device, where data bits are transcoded into symbols for
transmission across two lines of the bus, a clock signal is embedded within symbol transitions of the data
transmissions, and an interrupt period is defined within the symbols received over the bus; and
asserting an interrupt request on a first line of the bus while receiving a heartbeat word transmitted from the
master device over the first line and a second line of the bus.

11. The method of claim 10, wherein the interrupt request is an indicator that the slave device wishes to request some
action by the master device; or
wherein the interrupt request is asserted by pulling down the first line during the interrupt period.

12. The method of claim 10, further comprising:

internally masking the first line, during the interrupt period, for purposes of decoding the transcoded data bits
received over the bus.

13. The method of claim 10, further comprising:

receiving a slave identifier scan request from the master device over a first line and a second line of the bus; and
providing a unique slave identifier over a first line of the bus within part of a slave identifier scan response period
provided by the slave identifier scan request; and preferably
further comprising:

masking the first data line after detecting the heartbeat word; or
masking the first data line while transmitting a response after a global call has been transmitted on the bus.

14. The method of claim 10, further comprising:

sending data over a first line of the bus during a data read period, defined by the master device, in which a
previously identified slave device is allowed to transmit data over a first line of the bus while the while the master
device sends a global read clock over a second line of the bus.

15. A slave device, comprising:

a bus interface for coupling to a first line and a second line;
a processing circuit coupled to the bus interface and adapted to

receive data transmissions over a bus from a master device, where data bits are transcoded into symbols
for transmission across two lines of the bus, a clock signal is embedded within symbol transitions of the
data transmissions, and an interrupt period is defined within the symbols received over the bus; and
assert an interrupt request using a first line of the bus while receiving a heartbeat transmission from the
master device over the first line and a second line of the bus.
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Patentansprüche

1. Ein Verfahren, das auf einer Master-Einrichtung betreibbar ist, das Folgendes aufweist:

Steuern von Datensendungen über einen Bus, der die Master-Einrichtung und ein oder mehrere Slave-Einrich-
tungen koppelt, wobei Datenbits in Symbole zur Sendung über zwei Leitungen des Busses transcodiert werden
und ein Taktsignal in Symbolübergänge der Datensendungen eingebettet wird; und
Überwachen des Busses während einer Unterbrechungs- bzw. Interrupt-Periode, die mit der Sendung eines
Heartbeat-Wortes durch die Master-Einrichtung über eine erste Leitung und eine zweite Leitung des Busses
assoziiert ist, wobei die ein oder mehreren Slave-Einrichtungen aktiviert werden zum Anlegen einer Interrupt-
Anfrage unter Verwendung der ersten Leitung des Busses ansprechend auf die Sendung des Heartbeat-Wortes,
wobei die Sendung des Heartbeat-Wortes einen Puls auf einem Empfangstakt erzeugt, der aus dem Signali-
sierungszustand der ersten Leitung und der zweiten Leitung generiert wird.

2. Verfahren nach Anspruch 1, wobei das Heartbeat-Wort aus einem Satz von Zwanzig-Bit-Wörtern ausgewählt ist,
die ein höchstwertiges Bit haben, das auf einen ersten Logikwert gesetzt ist, und wobei Nutzlastdaten, die zwischen
der Master-Einrichtung und den ein oder mehreren Slave-Einrichtungen gesendet werden, Zwanzig-Bit-Wörter auf-
weisen, deren höchstwertiges Bit auf einen zweiten Logikpegel gesetzt ist.

3. Verfahren nach Anspruch 2, wobei die ein oder mehreren Slave-Einrichtungen ausgelegt sind zum Anlegen einer
Interrupt-Anfrage durch Senden eines Antwortwortes auf der ersten Leitung oder einer zweiten Leitung des Busses,
und wobei sich das Antwortwort von dem Heartbeat-Wort um ein Bit unterscheidet und ein höchstwertiges Bit hat,
das zu einem höchstwertigen Bit des Heartbeat-Wortes identisch ist.

4. Verfahren nach Anspruch 1, das weiter Folgendes aufweist:

Scannen bzw. Durchsuchen der ein oder mehreren Slave-Einrichtungen über den Bus zum Identifizieren einer
Slave-Einrichtung, die die Interrupt-Anfrage anlegt; und das vorzugsweise
weiter Folgendes aufweist:

Empfangen eines Indikators über die erste Leitung von der Slave-Einrichtung, die die Interrupt-Anfrage
anlegt.

5. Verfahren nach Anspruch 1, wobei die ein oder mehreren Slave-Einrichtungen ausgelegt sind zum Anlegen einer
Interrupt-Anfrage durch Herunterziehen bzw. Pulling-Down der ersten Leitung während der Interrupt-Periode; oder
wobei die ein oder mehreren Slave-Einrichtungen ausgelegt sind zum internen Maskieren der ersten Leitung während
der Interrupt-Periode zu Zwecken des Decodierens von transcodierten Datenbits, die von dem Bus empfangen
werden.

6. Verfahren nach Anspruch 1, das weiter Folgendes aufweist:

Vorsehen einer Slave-Identifikator-Scan- bzw. -Suchantwortperiode, während der ein oder mehrere Slave-
Einrichtungen, die an den Bus gekoppelt sind, ihren eindeutigen Identifikator über eine erste Leitung des Busses
vorsehen können, in einem Teil einer Slave-Identifikator-Suche, die durch die Master-Einrichtung initiiert wird,
und zwar über die erste Leitung und eine zweite Leitung des Busses; und wobei vorzugsweise
jede der ein oder mehreren Slave-Einrichtungen konfiguriert ist zum Maskieren der ersten Leitung nach Detek-
tieren einer Sendung des Heartbeat-Wortes; oder
wobei das Vorsehen einer Slave-Identifikator-Suchantwortperiode Folgendes aufweist:

Senden eines allgemeinen Aufrufs auf dem Bus, wobei jede der ein oder mehreren Slave-Einrichtungen
konfiguriert ist zum Maskieren der ersten Leitung beim Senden einer Antwort, nachdem der allgemeine
Aufruf auf dem Bus gesendet bzw. übertragen worden ist.

7. Verfahren nach Anspruch 1, das weiter Folgendes aufweist:

Definieren einer Datenleseperiode, in der es einer zuvor identifizierten Slave-Einrichtung gestattet ist, Daten
über eine erste Leitung des Busses zu senden, während die Master-Einrichtung einen globalen Lesetakt über
eine zweite Leitung des Busses sendet; und wobei vorzugsweise der globale Lesetakt ein Takt mit doppelter
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Datenrate ist.

8. Eine Einrichtung, die Folgendes aufweist:

einen Bus, der eine erste Leitung und eine zweite Leitung aufweist;
ein oder mehrere Slave-Einrichtungen, die an den Bus gekoppelt sind; und
eine Master-Einrichtung, die an den Bus gekoppelt ist und Datensendungen zwischen der Master-Einrichtung
und den ein oder mehreren Slave-Einrichtungen steuert,
wobei Datenbits in Symbole zur Sendung über den Bus transcodiert werden und ein Taktsignal in Symbolüber-
gänge der Datensendungen eingebettet ist, und
wobei eine Unterbrechungs- bzw. Interrupt-Periode, die mit einer Sendung eines Heartbeat-Wortes durch die
Master-Einrichtung assoziiert ist, eine Gelegenheit für ein oder mehrere Slave-Einrichtungen vorsieht, eine
Interrupt-Anfrage an eine erste Leitung des Busses anzulegen.

9. Einrichtung nach Anspruch 8, wobei die ein oder mehreren Slave-Einrichtungen konfiguriert sind zum Anlegen einer
Interrupt-Anfrage durch Senden eines Antwortwortes auf der ersten Leitung und einer zweiten Leitung des Busses,
und wobei sich das Antwortwort von dem Heartbeat-Wort um ein Bit unterscheidet und ein höchstwertiges Bit hat,
das zu einem höchstwertigen Bits des Heartbeat-Wortes identisch ist.

10. Ein Verfahren, das auf einer Slave-Einrichtung betreibbar ist, das Folgendes aufweist:

Empfangen von Datensendungen über einen Bus von einer Master-Einrichtung, wobei Datenbits in Symbole
zur Sendung über zwei Leitungen des Busses transcodiert werden, ein Taktsignal in Symbolübergänge der
Datensendungen eingebettet ist und eine Interrupt-Periode innerhalb der Symbole definiert ist, die über den
Bus empfangen werden; und
Anlegen einer Interrupt-Anfrage an eine erste Leitung des Busses während des Empfangens eines Heartbeat-
Wortes, das von der Master-Einrichtung über die erste Leitung und eine zweite Leitung des Busses gesendet
wird.

11. Verfahren nach Anspruch 10, wobei die Interrupt-Anfrage ein Indikator ist, dass die Slave-Einrichtung wünscht, eine
gewisse Aktion durch die Master-Einrichtung anzufragen; oder
wobei die Interrupt-Anfrage angelegt wird durch Herunterziehen bzw. Pulling-Down der ersten Leitung während der
Interrupt-Periode.

12. Verfahren nach Anspruch 10, das weiter Folgendes aufweist:

internes Maskieren der ersten Leitung, während der Interrupt-Periode, zu Zwecken des Decodierens der trans-
codierten Datenbits, die über den Bus empfangen werden.

13. Verfahren nach Anspruch 10, das weiter Folgendes aufweist:

Empfangen einer Slave-Identifikator-Scan- bzw. -Suchanfrage von der Master-Einrichtung über eine erste Lei-
tung und eine zweite Leitung des Busses; und
Vorsehen eines eindeutigen Slave-Identifikators über eine erste Leitung des Busses innerhalb eines Teils einer
Slave-Identifikator-Suchantwortperiode, die durch die Slave-Identifikator-Suchanfrage vorgesehen wird; und
das vorzugsweise
weiter Folgendes aufweist:

Maskieren der ersten Datenleitung nach Detektieren des Heartbeat-Wortes; oder
Maskieren der ersten Datenleitung während des Sendens einer Antwort, nachdem ein globaler Aufruf auf
dem Bus gesendet worden ist.

14. Verfahren nach Anspruch 10, das weiter Folgendes aufweist:

Senden von Daten über eine erste Leitung des Busses während einer Datenleseperiode, die durch die Master-
Einrichtung definiert wird, in der es einer zuvor identifizierten Slave-Einrichtung gestattet ist, Daten über eine
erste Leitung des Busses zu senden, während die Master-Einrichtung einen globalen Lesetakt über eine zweite
Leitung des Busses sendet.
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15. Eine Slave-Einrichtung, die Folgendes aufweist:

eine Busschnittstelle zum Koppeln einer ersten Leitung und einer zweiten Leitung;
eine Verarbeitungsschaltung, die an die Busschnittstelle gekoppelt ist und ausgelegt ist zum
Empfangen von Datensendungen über einen Bus von einer Master-Einrichtung, wobei Datenbits in Symbole
zur Sendung über zwei Leitungen des Busses transcodiert werden, ein Taktsignal in Symbolübergänge der
Datensendungen eingebettet ist und eine Unterbrechung- bzw. Interrupt-Periode innerhalb von den Symbolen,
die über den Bus empfangen werden, definiert ist; und
Anlegen einer Interrupt-Anfrage unter Verwendung einer ersten Leitung des Busses während Empfangen einer
Heartbeat-Sendung von der Master-Einrichtung über die erste Leitung und eine zweite Leitung des Busses.

Revendications

1. Procédé actionnable sur un dispositif maître, comprenant :

contrôler des transmissions de données sur un bus couplant le dispositif maître et un ou plusieurs dispositifs
esclaves, des bits de données étant transcodés en symboles pour transmission sur deux lignes du bus et un
signal d’horloge étant incorporé dans des transitions de symboles des transmissions de données ; et
surveiller le bus pendant une période d’interruption associée à la transmission d’un mot de battement de coeur
par le dispositif maître sur une première ligne et une deuxième ligne du bus, lesdits un ou plusieurs dispositifs
esclaves étant capables d’activer une requête d’interruption en utilisant la première ligne du bus en réponse à
la transmission du mot de battement de coeur,
dans lequel la transmission du mot de battement de coeur produit une impulsion sur une horloge de réception
générée à partir d’un état de signalisation de la première ligne et de la deuxième ligne.

2. Procédé selon la revendication 1, dans lequel le mot de battement de coeur est sélectionné parmi un ensemble de
mots de vingt bits qui ont un bit le plus significatif mis à une première valeur logique, et dans lequel des données
de charge utile transmises entre le dispositif maître et lesdits un ou plusieurs dispositifs esclaves comprennent des
mots de vingt bits qui ont le bit le plus significatif mis à un deuxième niveau logique.

3. Procédé selon la revendication 2, dans lequel lesdits un ou plusieurs dispositifs esclaves sont adaptés à activer
une requête d’interruption en transmettant un mot de réponse sur la première ligne ou une deuxième ligne du bus,
et dans lequel le mot de réponse diffère du mot de battement de coeur d’un bit et a un bit le plus significatif identique
à un bit le plus significatif du mot de battement de coeur.

4. Procédé selon la revendication 1, comprenant en outre :

analyser lesdits un ou plusieurs dispositifs esclaves sur le bus pour identifier un dispositif esclave qui active la
requête d’interruption ; et de préférence
comprenant en outré :

recevoir un indicateur sur la première ligne à partir du dispositif esclave activant la requête d’interruption.

5. Procédé selon la revendication 1, dans lequel lesdits un ou plusieurs dispositifs esclaves sont adaptés à activer
une requête d’interruption en tirant vers le bas la première ligne pendant la période d’interruption ; ou
dans lequel lesdits un ou plusieurs dispositifs esclaves sont adaptés à masquer de façon interne la première ligne
pendant la période d’interruption dans le but de décoder des bits de données transcodés reçus du bus.

6. Procédé selon la revendication 1, comprenant en outre :

fournir une période de réponse d’analyse d’identifiant d’esclave, pendant laquelle un ou plusieurs dispositifs
esclaves couplés au bus peuvent fournir leur identifiant unique sur une première ligne du bus, dans une partie
d’une analyse d’identifiant d’esclave lancée par le dispositif maître sur la première ligne et une deuxième ligne
du bus ; et de préférence
dans lequel chacun desdits un ou plusieurs dispositifs esclaves est agencé pour masquer la première ligne
après une détection de transmission du mot de battement de coeur ; ou
dans lequel la fourniture d’une période de réponse d’analyse d’identifiant d’esclave comprend :
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transmettre un appel général sur le bus, chacun desdits un ou plusieurs dispositifs esclaves étant agencé
pour masquer la première ligne lors de la transmission d’une réponse après que l’appel général a été
transmis sur le bus.

7. Procédé selon la revendication 1, comprenant en outre :

définir une période de lecture de données dans laquelle un dispositif esclave précédemment identifié est autorisé
à transmettre des données sur une première ligne du bus pendant que le dispositif maître envoie une horloge
de lecture globale sur une deuxième ligne du bus ; et de préférence
dans lequel l’horloge de lecture globale est une horloge au double de la cadence de données.

8. Dispositif comprenant :

un bus comprenant une première ligne et une deuxième ligne ;
un ou plusieurs dispositifs esclaves couplés au bus ; et
un dispositif maître couplé au bus et contrôlant des transmissions de données entre le dispositif maître et lesdits
un ou plusieurs dispositifs esclaves,
dans lequel des bits de données sont transcodés en symboles pour transmission sur le bus et un signal d’horloge
est incorporé dans des transitions de symboles des transmissions de données, et
dans lequel une période d’interruption associée à la transmission d’un mot de battement de coeur par le dispositif
maître fournit une opportunité pour que lesdits un ou plusieurs dispositifs esclaves activent une requête d’in-
terruption sur une première ligne du bus.

9. Dispositif selon la revendication 8, dans lequel lesdits un ou plusieurs dispositifs esclaves sont agencés pour activer
une requête d’interruption en transmettant un mot de réponse sur la première ligne et une deuxième ligne du bus,
et dans lequel le mot de réponse diffère du mot de battement de coeur d’un bit et a un bit le plus significatif identique
à un bit le plus significatif du mot de battement de coeur.

10. Procédé actionnable sur un dispositif esclave, comprenant :

recevoir des transmissions de données sur un bus à partir d’un dispositif maître, des bits de données étant
transcodés en symboles pour transmission sur deux lignes du bus, un signal d’horloge étant incorporé dans
des transitions de symboles des transmissions de données, et une période d’interruption étant définie dans les
symboles reçus sur le bus ; et
activer une requête d’interruption sur une première ligne du bus pendant la réception d’un mot de battement
de coeur transmis à partir du dispositif maître sur la première ligne et une deuxième ligne du bus.

11. Procédé selon la revendication 10, dans lequel la requête d’interruption est un indicateur que le dispositif esclave
souhaite demander qu’une action soit faite par le dispositif maître ; ou
dans lequel la requête d’interruption est activée en tirant vers le bas la première ligne pendant la période d’interruption.

12. Procédé selon la revendication 10, comprenant en outre :

masquer de manière interne la première ligne, pendant la période d’interruption, dans le but de décoder les
bits de données transcodés reçus sur le bus.

13. Procédé selon la revendication 10, comprenant en outre :

recevoir une requête d’analyse d’identifiant d’esclave à partir du dispositif maître sur une première ligne et une
deuxième ligne du bus ; et
fournir un identifiant d’esclave unique sur une première ligne du bus dans une partie d’une période de réponse
d’analyse d’identifiant d’esclave fournie par la requête d’analyse d’identifiant d’esclave ; et de préférence com-
prenant en outre :

masquer la première ligne de données après la détection du mot de battement de coeur; ou
masquer la première ligne de données pendant la transmission d’une réponse après qu’un appel global a
été émis sur le bus.
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14. Procédé selon la revendication 10, comprenant en outre :

envoyer des données sur une première ligne du bus pendant une période de lecture de données, définie par
le dispositif maître, dans laquelle un dispositif esclave identifié précédemment est autorisé à transmettre des
données sur une première ligne du bus pendant que le dispositif maître envoie une horloge de lecture globale
sur une deuxième ligne du bus.

15. Dispositif esclave comprenant :

une interface de bus pour un couplage à une première ligne et une deuxième ligne ;
un circuit de traitement couplé à l’interface de bus et adapté à

recevoir des transmissions de données sur un bus à partir d’un dispositif maître, des bits de données étant
transcodés en symboles pour transmission sur deux lignes du bus, un signal d’horloge étant incorporé dans
des transitions de symboles des transmissions de données, et une période d’interruption étant définie dans
les symboles reçus sur le bus ; et
activer une requête d’interruption en utilisant une première ligne du bus pendant la réception d’une trans-
mission de battement de coeur à partir du dispositif maître sur la première ligne et une deuxième ligne du bus.
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