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(57) Abstract: Master and slave devices may be coupled to a control data bus. A method 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, within part of a heartbeat transmission by
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.
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CAMERA CONTROL INTERFACE EXTENSION WITH IN-BAND
INTERRUPT

CROSS-REFVERENCE TO RELATED APPLICATIONS
{8001} The present Applications for Patent claims priority to Non-Provisional
Application No. 14/595,03{, entitled “Camera Conirol Interface Extension With In-
Band Interrupt” filed January 12, 2015 and Provisional Application No. 61/927.102,
entitled “Camera Control Interface Extension With In-Band Interrupt” filed Jamuary 14,
2014, which are assigned to the assignee hereof and hereby expressly incorporated by

reference herein.

TECHNICAL FIELD
16002} The present disclosure pertains to enabling in-band interrupt operations over

a shared control data bus without the need for a dedicated terrupt ines or pins.

BACKGROUND

HEEIRY The Inter-Integrated Circuit serial bus, which may also be referred to as the
12C bus or the FC bus, is a serfal single-ended computer bus that was intended for use in
connecting low-speed peripherals to a processor. The [12C bus s a multi-master bus in
which each device can serve as a master and a slave for different messages transmitied
on the I2C bus. The 12C bus can transmit data using only two hidivectional open-drain
connectors, including a Serial Data Line (SDA) and a Serial Clock Line (8CL). The
connectors typically include signal wires that are terminated by pull-up resistors,

{3004} Protocols governing 12C bus operations define basic types of messages, each
of which begins with a START and ends with a STOP. The 12C bus uses 7-bit
addressing and defines two types of nodes. A master node 18 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 12C bus is a multi-moaster
bus, which means any number of master nodes can be present. Additionally, raster and
slave roles may be changed betwoen messages (i.¢., after a STOP is sent}.

HEEE) In the context of a camera implementation, unidirectional transmissions may
be used to capture an truage from a sensor and fransmit such timage data to memory in a

baseband processor, while conirol data may be exchanged between the bascband
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processor and the sensor as well as other peripheral devices, In one examiple, a Camera
Control Interface (CCH)y 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 [2C serial bus between the
image sensor and the basebhand processor, A CCT extended (CCie) protocol has been
defined to extend the throughput over the 12C bus.

860061 Within the CCle protocol, interrupts are used to allow a slave node to
fndicate 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 120 or
Camera Control Interface based camera systems use separate mterrupt (IRQ) lines for
cach slave node, which increases device cost due to the large number of pius. The
concept of a separate inferrupt pin for each slave node means that cach slave node must
have a single dedicate interrupt pin.

80871 Consequently, it would be desirable to eliminate the use of dedicated

mterrupt pins fu master and slave nodes sharing a bus for CCle inplementations.

SUMMARY

{BO0R] 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 identity key or eritical clernents of all aspects of the disclosuare
nor fo delineate the scope of any or all aspects of the disclosure. Uts sole purpose is o
present some concepts of one or more aspects of the disclosure in a simplified formas a
prelude to the more detatled description that is presented later,

[B009) In wvarious aspects, a method operational on a8 master device ncludes
controliing 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
mterrupt period, during which one or more slave devices coupled to the bus can assert
an mterrupt 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
periodically 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.
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16010 In aun aspect, the micrrupt request 18 an indicator that the asserting slave
device wishes to request some action by the master device.

8011} In an aspect, the master device may monitor for an mmterrupt request from a
slave device during the ingerrupt 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.

60124 In an aspect, a slave device may assert an inderrupt request by pulling down
the first line during the interrupt period. The slave device may mask the first line during
the interrapt period for purposes of decoding the transcoded data bits recetved over the
bus.

{8013} In an aspect, a slave identificr scan response period may be provided, during
which one or more slave devices coupled to the bus can provide their unigue identifier
over a first ine of the bus, within part of a slave identifier scan jnitiated by the master
device over the first line and a second line of the bus.

8014} In an aspect, a data read period may be defined in which a previously
wdentified 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.

16815} In various aspects, device includes a bus having a first bne and a second line,
a master device coupled to the bus and controlling data transimissions 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 symbaols 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
ine and a second Hine of the bus.

6016} 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 transmisston across two lines of the bus, a clock signal s embedded within
symbol transitions of the data fransnussions, and an interrupt period s defined within

the symbols received over the bus, and asserting an interrupt request on a first line of the



WO 2015/108885 PCT/US2015/011256

bus while receiving s heartbeat transmission from the master device over the first lne
and a second line of the bus.

[B017] In an aspect, the inferrupt reguest 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 inferrupt period.

{6018} In an aspect, the first ling may be internally masked during the interrapt
period for purposes of decoding the transcoded data bits received over the bus.

16010 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 untque 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.

{8028} 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 previcusly identified slave device 1s
allowed to transroit 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.

[B021] 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 transmuissions over & bus from a
master device, where data bits are transcoded into symbols for transmission across twao
lines of the bus, a clock signal is embedded within symbol transitions of the data
fransmissions, and an inferrupt period is defined within the symbols recetved over the
bus. The processing circuit may be configured to assert an interrupt request on a first
fime of the bus while receiving a heartheat transmission from the master device over the

first line and a second line of the bus.

BRIEF DESCRIPTION OF THE DRAWINGS
(6022} Various features, nature and advaniages may become apparent from the
detailed description set forth below when taken in conjunction with the drawings in
which like reference characters wdentify correspondingly throughout.
[B023] FIG. 1 depicts an apparatus cmploying a data link between integrated circuit
devices that selectively operates according to one of plurality of available standards
[6024] F1G, 2 is a block diagram illustrating a device having a baschand processor

and an image sensor and implomenting an image data bus and a conirol data bus.
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1B625] FIG. 3 is a diagraro that illustrates a simplified systern architecture for an
apparatus employing a data link between IC devices according to certain aspects
disclosed herein.

{8026} FI1G. 4 15 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.

[6027] FIG. 5 illustrates examples of different IRQ signals that may be assigned or
associated with different groups according to certain aspects disclosed herein,

{028} FIG. 6 idlustrates monttoring for IRQ signals and identification of an IRQ-
asserting slave device by a master device according to certain aspects disclosed herein.
{3029] FI1G, 7 llusirates a fivst technique that can avoid simuliancous assertions of
IRQs on a shared single line IRQ bus according to certain aspects disclosed herein.
16038 FIG. R illustrates a second technique that can handle simultancous assertions
of IRQs on a shared single hine IRQ bus according to certain aspects disclosed herein.
16631} FIG. 9 dlustrates timing associated with a shortest IRQ) signal length,

180321 FIG. 10 1s a block diagram illustrating a plurality of slave devices that may
be configured for in-band interrupt according to certain aspects disclosed herein.

{B033] FI1G, 11 is a tioung diagram illustrating an 12C one byte write data operation.
{8034} FI1G. 12 is a timing chart illustrating an example of data transmissions on a
serial bus in accordance with CCle protocols.

[B035] FIG. 13 is a timing diagram ithastrating the potential occurrence of a
cotlision.

{3036} FIG. 14 is a timing diagram iilustrating a technique for avoiding the collision
tHustrated i FIG. 13,

{80371 FIG, 15 is a tinung diagram illustrating the potential occurrence of an
additional or erroneous clock pulse when in-band IRQ is used.

{6038} FIG. 16 is a timing diagram illustrating the suppression of additional or
erroneous clock pulses according to cortain aspects disclosed herein.

160391 FIG. 17 illustrates one approach to implomenting an in-band 1R period
while supporting both 12C and CCle modes in accordance with certain aspects disclosed
heretn.

{3048] FI1G, 18 illustrates an example in which in-band IRQ is issued while in CCle

maode,
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16041} 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,

8042} F1G, 20 illustrates an example of the encoding of bit 1% in a CCle
{ransmission.

{6043} FIG. 21 illustrates an example in which bit 19 may span various numbers.
{30441 FIG. 22 ithustrates a range within the bit 19 number space that may be used
to define a heartheat as disclosed herein.

[045] FIG. 23 illustrates @ heartbeat clock according to certain aspects disclosed
herem.

B046] FIG, 24 illustrates an example of a control word that may be transmitied in
compliance with CCle protocols, and in a manner that enables the CCle devices to
obtain a heartbeat clock according to certain aspects disclosed herein.

16047} FIG. 25 iHustrates an example of a heartbeat clock be transmitted over the
SDA line of a CCle bus.

{30481 FIG. 26 illustrates a scheme for converting between ternary fransition
numbers and sequential symbols n accordance with certain aspects disclosed herein.
[B049] F1G, 27 illustrates one example of a techunique for converting a transition
number o a symbol mumber.

HEHIRHD FIG. 28 illustrates certain aspects of the encoding technique iHustrated in
FIG. 27.

{8051 FIG. 29 illustrates certain conditions that may occur when an STDA mask i
asserted during an in-band IR period.

{0052} FIG. 30 llustrates a side-effect of the use of an SDA Mask,

{B0S3] FIG, 31 illustrates certain aspects related to the use of a heartbeat clock for
in-band HR{Js.

HHIREY FIG. 32 iHustrates an exampie of the use of Bit-19 of the ternary number
ithustrated i FIG. 31 to moap CCle mode transnussions.

HHIRRY FiGs. 33 and 34 illustrate a technique for implementing in-band IRQ on a
control data bus 330 that is operated or operable in CCle mode in accordance with
certain aspects disclosed herein.

[B0S6] FIG. 35 illustrates aliasing conditions that may occur when an SDA Mask is

cmployed.
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166571 FIG. 36 ilustrates certain aspects related to a heartbeat clock provided
during in-band IR in accordance with certain aspects disclosed herein,

HHUSY FIG. 37 iHustrates a method by which heartbeats may be transmitted when
the master device is in active mode or power savings mode,

16059} FI1G, 38 illustrates a combination synchronization word and heartbeat word
according to certain aspects disclosed herein

[6060] FIG. 39 illustrates an example of synchronization and heartbeat mapping
within Bui-19 of the CCle protocol in accordance with certain aspects disclosed herein
HEEO Y FIG. 40 illustrates one example of a “SID Scan AH” command that may be
tssued by the master device over the control data bus to the slave devices in accordance
with certain aspects disclosed herein.

{8062} FIG. 41 iilustrates 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.

60631 FIG. 42 iltustrates possible S scan response words that roay be used by the
CCle protocol in accordance with certain aspects disclosed herein.

[B064] FIG. 43 illostrates an juterrupt group inquity call within one example of a
CCle protocol and in accordance with certain aspects disclosed herein.

[B065] FIG. 44 illustrates one example of a terminator word for the inferrupt group
inguiry call illustrated in FIG. 43,

[6066] FIG. 45 ilustrates an example of the response to a group inquiry call in
accordance with certain aspects disclosed herein

{30671 FIG. 46 illustrates one example of a DDR global clock read implementation
m accordance with certain aspects disclosed herein.

[B068) FI1G, 47 illustrates timing associated with a DDR global clock read word
according fo certain aspects disclosed herein

{8069} FIG. 48 is a block diagram ilustrating an example of an apparatus
crploying a processing civcuit that way be adapted according to certain aspects
disclosed herein.

{B070] FIG. 49 s a flowchart of g first example of a method according fo certain
aspects disclosed herein,

{8071} F1G. 50 is a flowchart of a second example of a method according to certain

aspects disclosed herein.
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166721 FIG. 51 15 a diagram Ulustrating an example of g hardware implementation

for an apparatus adapted for handling IRQs on a shared IRQ bus.

DETAILED DESCRIPTION

8073} In the following description, specific details are given to provide a thorough
anderstanding of the embodiments. However, it will be understood by one of ordinary
skill 1o 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 annecessary detail, In other instances, well-known circuits, structures
and techniques may not be shown in detail in order not to obscure the embodiments,

[B074) Certain embodiments disclosed herein provide systems, methods and
apparatus that can improve the performance of a communications interface using a
serial bus that supports both conventional I2C bus operations and enhanced
comnnications mterfaces using a coramon 12C bus. Tn one example, a camera control
mterface (CCI) may be based on an 12C bus and reay be deployed using a two-wire, bi-
dircctional, half duplex, serial interface configured as a bus connecting a master and one
or more slaves. CCT operations may be compatible with 12C bus operations. According
to certain aspects, systerns, apparatus and methods are provided that mindmize the
number of IRQ lines needed to support multiple peripheral devices connected to an 12C

or CCT bus,

Overview

LEIRTY

maodule,

M oGe

{B075] As used in this application, the termas “component, systemt” and
the hike are intended to mclude a computer-related entity, such as, but not limited {o
hardware, firmware, a combination of hardware and sofiware, software, or software in
execution. For example, a component may be, but is not limited to being, a process
TURTING O @ 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 componcnis can execute from various compuier readable media
having varicus 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
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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
Tnternet with other systems by way of the signal.

{3076] Moreover, the term “or” 18 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

5

is, the phrase “X employs A or B” is satisfied by any of the following instances: X
cmploys A; X employs B; or X enploys both A and B, In addition, the articles “a” and
“an” as used in this application and the appended claims should generally be construed

k4

to mean “one or more” unless specified otherwise or clear from the context to be
directed to a singular form.

8877} Certain aspects of the invention may be applicable to communications links
deploved between electronic devices that may include subcomponents of an apparatus
such as a telephone, a mobile computing device, an appliance, automobile electronics,
avionics systems, ctc. FIG. 1 depicts an apparatus that may cruploy a communication
fimk between mtegrated circuit (IC) devices. In one example, the apparatus 100 may
mclade a wireless comnumication device that comnunicates through an RF transceiver
with a radio access network (RAN), a core access netwark, the Internet and/or another
nctwork, The apparatus 100 may include a communications transceiver 106 operably
coupled o processing 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 mchude one
or more processing devices, logic circuits, and so on. The processing civcuit 102 may
include and/or be coupled to processor readable storage such as a memory 112 that may
maintain mstractions and data that wmay be executed by processing civenit 102, The
processing cireuit 102 may be controlled by one or more of an operating system and an
application prograrmming inferface (AP} 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

PROM),

randon-aceess merory (RAM), electrically erasable programumable ROM (EE
flash cards, or any memory device that can be used in processing systems and
computing platforms. The processing circuit 102 may inclade or access a local database
114 that can roatutain operational parameters and other nformation 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,
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tape, soft or hard disk, or the like. The processing circutt 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.

Enterrupt Mechanism Using Dedicated IRQ Line

{6078} FIG. 2 is a block diagram 200 ilhustrating a simplified example of a device
202 that has a baseband processor 204 and an image seasor 206, An image data bus 216
and a multi-mode control data bus 208 may be implemented in the device 202, The
diagram 200 iltustrates a camera device 202 by way of example only, and various other
devices and/or different funchionalifics may wuplersent, 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 bascband processor 204 over an image data bus 216, such as
the “DPHY” high-speed differential link defined by MIPL In one example, the control
data bus 208 may have two wites that are configurable for operation n an 12C bus
mode. Accordingly, the control data bus 208 may mchude SCL and SDA wires, The
SCL may carry a clock signal that may be used to synchronize data transters over the
control data bus 208 according to 12C protocols. The data line SDA and clock Tine 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 fo
100 KHz for normal 12C operation, up to 400 KHz for 12C fast mode, and up to | MHz
for 12C fast mode phus {Fm+). These operating modes over an 12C bus may be referred
to as a CCT mode when used for camera applications.

{B079] In soroe 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 Hlustrating Use of a Common IRQ Bus to Reduce IR Lines

{080} FIG. 3 is a block schematic diagram itllustrating certain aspects of an
apparatus 300 that may employ a commmumnications bus such as a CCle bus 330. The
apparatus 300 may be embodied i one or more of a wircless mobile device, a mobile
telephone, a mobile computing system, a wireless telephone, a notebook computer, a

tablet computing device, a media plaver, a gaming device, or the like. The apparatus
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300 may include multiple CCle devices 302, 320, and/or 322a-322n, which
communicate using a CCle bus 330, The CCle bus 330 can extend the capabilitics of a
conventional CCI bus for devices that are configured for enhanced features supported
by the CCle bus 330, For example, the CCle bus 330 may support a higher bit rate than
a CCIbus 330, According to certain aspects disclosed herein, some versions of the CCle
bus 330 may be configured or adapted to support bit rates of 16.7 Mbps or more, and
some versions of the CCle bus may be coufigured or adapted to support data rates of at
least 23 megabits per second.

{081} In the example illustrated in FIG. 3, an imaging device 302 s configured to
operate as a slave device on the CCle bus 330, The imaging device 302 may be adapted
to provide a sensor control function 304 that manages an fmage 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
Iine drivers/receivers 314a and 314b. The processing circuit and/or control logic 312
may mclude a processor such as a state maching, sequencer, signal processor or general-
purpose processor. The transceiver 310 may inchude a receiver 310a, a fransmitter 310¢
and certain common circuits 310b, including timing, logic and storage circuits and/or
devices. In some instances, the transcetver 310 may include encoders and decoders,
clock and data recovery circuits, and the like.

{6082} A transmit clock (TXCLK) signal 328 may be provided to the transmitter
310¢, where the TXCLK signal 328 can be used fo determune data transmission rates for
a CCle communication mode, The TXCLK signal 328 may be cembedded within
sequences of symbols ransmitted on the CCle bus 330, when both the SDA wire 318
and the SCL wire 316 are used to encode transmitied 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

o)

least one wire 316 and/or 318 occurs between each pair of consecutive symbols
transmitied on the CCle bus 330.

{30831 The CCle devices 302, 320, and/or 322a-322n may communicate using the
two-wires 316, 318 of the CCle bus 330, For example, the two-wire CCle bus 330 may
support CCle bi-directional, half-duplex modes of communication that can provide
significantly greater data rates than the data rates supported by 12C or CCI modes of

operation. The CCle 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
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embedded i a sequence of symbols transmitied on the two-wire control data bus 330
Certain CCle devices 320 may be configured as a bus master, and certain devices 3{2,
and/or 3224-322n may be configured as slave devices. The CCle devices 302, 324,
and/or 322a-322n may be compatible with, or coexist with I2C and/or CCI devices
coupled to the conirol data bus 330, such that a CCle device 302, 320, or 322a-322n
may communicate with one or more other CCle devices 302, 320, and/or 322a-322n
using CCle protocels and signaling specifications, even when [2C devices are
monttoring the control data bus 330, One example disclosed hercin provides an interface
that can handle multiple slaves 302, and/or 322a-322n coupled to the bus, with a single
master device 320, when both CCle and [2C/CCT devices are deployved on the same bus.
In the latter example, two or more CCle devices 302, 320, and/or 322a-322n may
communicate using CCle protocols, and any communication transaction with an 12C or
CCl device is conducted in accordance with 12C bus protocols.

[6084] According to certain aspects described herein, the CCle devices 302, 320,
and/or 322a-322n may be coupled to a shared interrupt regquest (IRQ) bus 326.
According to one aspect, the shared IR{ bus 326 may be a single line coupled to the
slave devices 302, and/or 322a-322n as well as {o the master device 320. This shared
IRQ bus 326 may be pulled up {c.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 interrapt signal. That is, each slave device 302, 322a-322n may independenily
request access to fransmit on the control data bus 330 by sending an IRQ signal to the
master device 320

H85] In some examples, the single line IR(Q bus 326 may be an asynchronous bus
that is unmanaged by a master deviee 320 or any other device 302, 322a-322n.
Accordingly, the slave devices 302, 322a4-322n can unilaterally assert an IRQ signal at
any time.

{6086} In another example, the single lne IR bus 326 may be dedicated to
unidirectional signal transmissions from slave devices to the master device. That s, the
single line IR{ bus may be used for only IRQ signals and not other types of signals,
{0871 In one example, the control data bus 330 may be a CCle compatible bus.
{088} 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 Hlustrating Use of a Commeon IR Bus to Reduce IR Lines
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HHESY 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 8 predefined logic level on a common or shared single-Tine TRQ bus 422. A
single-wire IRQ bus 420 may be shared by a plurality of slave devices 410, 412, 414,
416, 418, which may nclude 12C, CCI and/or CCle devices. In the depicted example,
cach of the slave devices 410, 412, 414, 416, 418 may be adapted to support CCle
modes of communication, and the bus master device 404 may be adapted o serve as a
bus master  12C, CCT and CCle modes of operation.

{3090} According to one aspect, a shared single-line IR} bus 422 is coupled to the
slave devices 410, 412, 414, 416, 418 1o the master device 404. A pull-up resistance 420
may be coupled to the wite 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, 414, 418 are asserting
an ipterrupt request. In one example, the slave devices 410, 412, 414, 416, 418 may
drive the TRO bus 422 low to interrupt or request an inferrupt of the master device 404,
That is, cach slave device 410, 412, 414, 416, and 418 may mndependently assert an
interrupt request by driving the IRQ signal in order to request attention from the master
device 404.

{6091} The common, shared single-wire IRQ bus 422 may be shared by a plurality
of slave devices 410, 412, 414, 416, 418 by contiguring 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
nstances, 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 confending
slave devices 410, 412, 414, 416, and/or 418 may be used to determine which request
for attention from the master device 404 s to be granted. In one cxample, each slave
device 410, 412, 414, 416, 418 may be contigured to asserf an interrupt request by
driving the IR bus 422 for period of time that has a length corresponding to the
identity of the device 410, 412, 414, 416, 418 driving the TR bus 422,

L 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, 41§ that includes a
slave device 410, 412, 414, 416, 418 that is contending for the attention from the master
device 404, In one cxaraple, 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
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{by enumeration, for exarmple) upon boot-up by the master device 108, Such groupmgs
allow the master device 404 to more quickly identify which slave device triggered an
IRQ signal on the TRQ bus 422 without unacceptable delays. Each slave device 410,
412, 414, 416, or 418 may be configured to gencrate a pulse having a width defined
and/or assigned fo 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 ina
second group 408, Each group 406 and 408 includes at least one slave device,

{0093} The duration of an assertion of the IRQ bus 422 may determime if a
requesting slave device 410, 412, 414, 414, 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 4140, 412, 414, 416, 418 and shorter pulse widths to lower
priority slave devices 410, 412, 414, 416, 41R. 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 inferrupt request by providing a pulse on the IRQ bus 422 that has a longer width
than the width of the pulse provided by the first slave device 410, 412, 414, 416, or 418,
When the IR 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
mehides an asserting slave device 410, 412, 414, 416, and/or the highest-priority slave
device 410, 412, 414, 416, or 418 that 15 asserting the IR bus 422, The master device
may then usc signaling on the controf data bus 402 to scan an IR} status register on one
or more slave devices 410, 412, 414, 416, 418 that i assigned the pulse width that was
observed on the IRO bus 422.

[6094] 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 IR{} bus 422 continues to
be actively driven afier ermination of the pulse provided by the first slave device 410,
412, 414, 416, or 418, indicating that at least the sccond, higher-priority slave device
416, 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 maode until a next

opportunity to contend for the control data bus 402 arises.
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LIRS 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 exampie,
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 sccond
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 mitialization. The use of groups 406, 408 may
permit the master device 404 to more gquickly dentify one or more slave devices 410,
412,414, 416, and/or 418 that assert an inferrupt request by driving the IR(Q bus 422,
[8096] In some instances, the single-line TRQ bus may operate asynchronously,
without management of a master device 404 or another device. ln asynchronous
operation, a slave device 410, 412, 414, 416, or 418 may unilaterally drive the IR bus
22 at any time. In some instances, the slave devices 410, 412, 414, 416, 418 may
confirm that TR bus 422 1s idle (1.e. not driven by avother device) prior to asserting an
mterrupt reguest.
HH In some instances, the single-line IR bus 422 may be dedicated to
unidirectional signal ransmissions from slave devices 410, 412, 414, 416, 418 (o the
master device 404, That s, the IRQ bus 422 may be reserved for mterrupt request
signaling and other types of signals are not supported on the IRQ bus 422,
16098} Groups 406, 408 of sleve devices 410, 412, 414, 416 may be configured to
use 8 distinet IR 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 RO 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 o a group or otherwise treated as the sole member of 3 group.
{3099} In some instances, a group 406, 408 may define a logical group of slave
devices 410, 412, 414, 416, 418, such that cach group 406, 408 way include af least one
slave device 410, 412, 414, 4196, 418, A group 406, 408 may inchide multiple slave
devices 410, 412, 414, 416, 418, The number of slave devices 418, 412, 414, 416, 418
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agsigned o each group 406, 408 may be determined based on factors such as the
duration of time to query and identity 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 IR bus 427 are
queried by the master device 404,

[86188]  The time to identify an asserting slave device 410, 412, 414, 416, 418 may
be substanfiaily redoced through the use of distinct TRO signals to identify a group 406,
408 in which a slave device 410, 412, 414, 416, 418 has asserted an IRQ, and then
querying cach member slave device 410, 412, 414, 416, 418 in the identified group 406,
or 438, 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 comresponding to a duration of the length observed by the master
device 404. The master device 404 may then query cach slave device 410, 412, 414,
416, 418 in the group 406, 408 to identify which slave device triggered or asserted the
IR} signal. In one example, the master device 404 may determine that an [R{} 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 rogister 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 mformation indicates thai the first slave device 410, or 412 15 vot the source of
the IRQ request, the master device 404 may fransmit a register stafus request over the
control data bus 402 to 3 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 4066 until a slave
device 410, 412 that asserted the IR signal is identified.

(80101 FIG. 5 is a uming diagram 500 illustrating examples of timing of IRGQ
signals 502, 504, 506, ased by different groups 406, 408, 514, respectively. Different
IRQ signal timning may be assigned or associated with each different group 406, 408,
514, and/or the IR signal timing of the member slave devices 410, 412, 414, 416, 418
of cach group 406, 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 mnclude 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 IR{} signal 502 having a first pulse width SO8, a second group 408 may use
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an IRQ sigoal 504 having a second pulse width 510, and an nth group 506 may be
configured to use a third IR{} signal 506 having a third pulse width 512,

[B0102] FIG. 6 illusiraies the operation of a shared TR bus 422 from the perapective
of a bus master device 404, The example may apply to timing 612 of operations on a
control data bus 407 that is operated in accordance with 12C, CCI and/or CCle
protocols. The bus master device 404 may monitor the timing 602 of signals on the IR
bus 422 to determine whether an inferrupt vequest 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,

(801831  In the example, groups 406, 408 of slave devices may be configured to drive
the IRQ bus 422 for predetined 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 inchude a8 timer or counter that is initiated upon delecting 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,

[80184]  In the example, the data control bus 402 may be idie during a first period of
time 614, before a first pulse 608 is received. When a first IR signal is asserted on the
shared single bine TR{} 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
exanmple, the bus master dovice 404 may determine that the duration 604 of the first
pulse 608 is consistent with an interrupt request from a momber 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 fivst group 406 that
cause the recipiont of cach 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 {irst group 406.

[BOIOS] A second mierrupt regquest pulse 610 may be received at some pont afier the
first inferrupt request puise 608, The second inferrupt request pulse 610 may have a

duration 606 that corresponds o a second group of slave devices 408, Upon receipt of
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the second nterrupt request pulse 610, the bus master device 404 may detect, determine
or calenlate the pulse width, period, or duration 606, The bus master device 404 may
then initiate a scan 618 of the mombers of the second group of devices 409 to determine
therr IRQ status, and to identify which member or members of the second group 408
asserted the IRQ request corresponding to the second pulse 610,

[80186] FIG. 7 is a timung diagram iHhustrating a method for avoiding the ocourrence
of simultancous, overlapping, and/or contlicting interrapt requests according to certain
aspects disclosed herein. In some instances, i may be desirable to avoid the occurrence
of overlapping IR(Q pulses that may lead to conflicting or contending interrupt requests.
Contlicting inferrupt requests may be avoided by configaring the slave devices to
monitor the IRQ bus 422 prior to asserting an interrupt request. nterrupt requests 712
may be deferred 714 if another device has already asserted an interrupt request 708 on
the shared single hine IR(Q bus 422.

(881871  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 fo
assert an interrupt request during the duration 704 of the first pulse 70¥. According to
one aspect, the second slave device may delay assertion of the interrupt request on the
IRQ bus 422, Ata ume 718, the second slave device may decide to initiate an mierrupt
request, Upon checking the IRQ bus 422, the second slave device may determing that a
pulse 708 has been asserted on the IRQ bus 422 by another slave device. Accordingly,
the second device may jmtiate a hold-off or delay period 712 to allow the IRQ bus 422
to return 1o 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 atler the IRQ bus 422 returns to an idle state. The
second slave device may be precluded from asserting an interrupt request for a
mininmum period of time 710 during which the IR(Q 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 IR(Q bus 422 ternunates and, for example, the IRQ bus 422 returns
to a logic high state. The next mterrupt reguest 716 may be asserted after the mindmum
bus free time 710 expires. Upon cxpiration of the mininwm bus free time 710, the
second slave device may assert an interrupt requiest by providing a pulse 716 on the IRQ
bus 422, in the example, the second slave device is a momber of the second group of
slave devices 40¥, and the duration 706 of the second pulse 716 may be different from

the duration 704 of the first pulse 708,
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(601681  FIG. R 15 a timing diagram 800 that tHustrates an example of a mode of
operation of a single-line IR bus that may be emploved when simultancous IRQ
signals are supported by an 12C, CCL, and/or CCle interface. The simultancous IRQ
signals may result i contentions and/or contlicts between ndividual slave devices
and/or between slave devices in differcnt groups 406, 408 that use a shared single IR
bus 422, The timing of signals on the IR(Q bus 422 15 illustrated in a first timing chart
802, while the contributions by slave devices 1o the first and second groups 406, 408 are
iHustrated 1n second and third finvng charts 812, 822, respectively. A first IRQ pulse
814 is asserted by a f{irst 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 sccond IRQ pulse 824 may have a longer duration 804 than the duration
of the first pulse 06, 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 TR bus 422 as an effective
collision, contention or contlict by monitoring the IR} 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 atier the IR(Q bus free period 81§,
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,

[80109]  The first slave device may reissue ifs interrupt request by providing a third
pulse 826 on the IR bus 422 after expivation of the IR bus free period Ri8,

[B0118]  FIG. 9 is a timing diagram 200 illusirating 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 120, CCl, and/or CCle
mterface may define a minimum valoe for the low duration {tiow) 906 o permit
detection by an 12C, CCl, and/or CCle 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 mintmum, The timing diagram 900 illustrates a single pulse 902.

[80111]  In the cxample timing diagram 900, the minimwm theeshold voltage for
detecting a “high” signaling state is at 70% of switching circuit supply voltage ("VED™)

level and the maximum threshold voltage for detecting a “low” signaling state is 30% of
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VDD level. A receiver may determine cither a high or low signaling state for a voltage
fevel of the IRQ bus 422 that lies between 30% and 70% of VDD level, depending on
receiver input levels. A maximum fallrise time (TFRmax) 904 may be defined. The
duration of TFRmax 904 may be determinative of the duration of a low period (T ow)
910 assigned to a slave device for asserting an interrupt reguest. The value of Tiow 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:
TRFmox < Tiow.
(801121 In order to distinguish between groups 406, 408 of slave devices, difterent
anits of Trow may be assigned as the IRQ pulse width for the groups 406, 408. In one
example, a fivst group 406 may be assigned au IRQ pulse width of Trow, while a second
group 408 may be assigned an IRQ pulse width of 2xTiow. In this example, the fow
period observed by the bus master device 404 may be calculated as follows:
First group 406 Trow —TFR < tiow < Tiow +TFR
Second group 406: 2T gw — TFR < o < 2Tiow + TFR.
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 TFRmMax 10t owmm, Which musi be
af least TFRmax in duration. Therefore, TLOW > 3TFR max, and tLOW min >
2TFRmax. Accordingly, a minimam valoe for tpow 906 may be calenlated as follows:
2T 0w —TFR > T gy + TFR
= 2TFRmax < Tiow
- 3TFRmax < Tipw
2 ZTFRmax < towmin
(661131 The side-band IRQ method tllustrated in FIGS. 3-9 requires the use of an
extra pin for cach slave and master device. Slave devices in particular are often limited
in size/space available and it would be desirable to climinate the use of side-band

mnterrupts.

In-Band Intervupt Mechanism Over Shared Bus

[80114] FIG. 10 is a block diagram illustrating a systemns 10800 in which the interrupt
bus has been ehiminated in favor of in-band interropts. The system 1300 may include a
master device 1004 and a plurality of slave devices 1006,-1006, coupled to a shared

controf data bus 1002. In one example, the contral data bus 1002 may be an 12C bus
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comprising two wires, a clock hine (SCL) and a serial data line (SDA). The clock line
SCL may be used to synchronize all data transters over the 12C bus 1002, The data line
SDA and clock line SCL are coupled to all devices 1004 and 1006;-1006x on the 12C
bus 1004, In this example, interrupts are sent in-band over the data control bus 1002, In
some mstances, the data conirol bus 1002 may support both 12C devices and CCle
devices at the same time.

[80118]  FIG. 11 is a timing diagram 1100 iHustrating an example of single-byte write
data operation when the serial bus 330 (see FIG. 3) is operated m accordance with 12C
protocols. Each [2C wansmission 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 15 asserted when the SDA signal wire 318
transifions low while the SCLU signal wire is held in a high state. The stop condifion
1116 is asserted when the SDA signal wire 318 transitions high while the SCL signal
wire is held in a high state. According to 12C protocols, transitions on the SDA signal
wire 318 occur when the SCL signal wire 316 5 low, except for start condition 1106
and stop conditions 1116,

[B0116]  In typical I2C operations, an 12C master node sends a 7-bit slave ID 1102 on
the SDA line 318 to indicate which slave node on the 2T 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, wherehy 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 D 1102 is permitted respond to the write {or any other)
operation. fnn order for an 12C slave node to detect #ts own 1D 1102, the master node
transmits at least 8-bits on the SDA line 318, together with 8 clock pulses on the SCL
tine 316. This behavior may be explotted to fransmit data 1n CCle operating modes in
order to prevent legacy 12C slave nodes from reacting to CCle operations.

(801171 FIG. 12 is a timing diagram 1200 that itustrates data transmission on a serial
bus 330 that is operated in accordance with CCle protocols, and when two or more
comnunicating devices 202, 220, 222a-222n are configured or adapted to communicate
in accordance with CCle protocols. In a CCle transmission, data bits may be transcoded
into twelve symbols for transnussion over the SDA hne 318 and the SCL hine 316, and
the mode of transmussion roay be reforred to as “CCle mode.” CCle mode is source

synchronous, driven by push-pull drivers. A device that transmits dafa over the control
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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.
[B01I8] In certain CCle modes of operation, data is encoded into a set of two-bit
symbols transmitted sequentially on the signal wires 316, 318 of the CCle bus.
Sequences of symbols 1202, 1204 may be transmiticd in successive transmission
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 SIDA signal wire 318 transitions low while the SCL signal wire is held in a high
state. According to CCle 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 CCle modes, start conditions 1216,
1218, 1220 may cccupy two symbol mtervals.
[80119]  In the illustrated example, cach sequence of symbols 1202, 1204 includes 12
symbols and encodes 20-bit data clements that may inchide 16 bits of data and 3 bits of
overhead, Hach 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 cach symbol period
{7om) 1210, In one example, push-pull drivers 214a, 214b used to drive the signal wires
316, 318 may support a syrabol period 1210 of 30 ns duration, using a 20 MHz symabol
clock. The two-symbol sequence, which may be denoted as {3,1}, is transmiited in the
period 1214 between consecutive sequences of symbols 1202 and 1204, For the
resulting 14-symbol transoussion (12 symbols payload and a start condition 1216, 1218,
1220y, the mindmum elapsed time 1212 between the start of a first transmussion 1206
and the start of a second transmission 1208 may be calculated as:

Ewora = 14 ¥ bgyy = 700 ns
Thus, 20 bits may be transmitted every 700 ns, vielding 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 cach 12 symbol word 1206, 1208,
[86128] The master device controls access to the bus, and any device that wishes to
fransmit over the control data bus 330 1s required fo request a grant of aceess 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 CCle 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 mierrupt mechanisa can prevent bus contention

and/or collisions. FIG. 13 imcludes a timing diagram 1300 that itiustrates the occurrence
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of a collision 1304, Collisions 1304 may be avoided when an mterrupt 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 334,
(801211 FIG. 14 is a tinung diagram 1400 that illustrates a solution to avoid the
potential for collisions of FIG. 13, In this approach, the protocol defines when an n-
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 18 permitied to drive
the SDA hne 318, In operation, The master device may drive the SDA line 318 high and
enable a pull-up to maintain the high state afier transmitting 1402, 1404 on the SDA line
31E. The SDA line 318 may be released at some point 1414, afler 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,

(881221  Asillustrated n the timing diagram 1500 of FIG. 15, an in-band IRQ sent by
a slave device on the SDA line 318 may cause an erronecus clock 1510 to be detected.
In CCle mode, symbol transitions are used fo generate a receiver clock (RXCLX) 1504,
All recetving devices recover clock timing from state transitions of the control data bus
330, The state transitions correspond to signaling state changes of the SDA e 318
and/or the SCL linc 316, and the state transition is to be timing aligned between the
SPA hine 318 and the SCL line 316, A CCle 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 exira receiver clock
prulse 1510 resulting a synchronization loss at the CCle word boundary.

(801231 FIG. 1648 a aming diagram 1600 that llustrates one solution that may avoid
the generation of the extra pulse 1510 on the RXCLK 13504 and potential
synchronization foss. 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 imstance, cach CDR cirenit
masks the SDA line 318 or the SCL line 316 (whichever line is used for mn-hand IRQ)
during in-band IRQ transmissions. I, for example, a masier dovice permits a slave
device to drive the SDA hine 318 with a particular in-band IR{ protocol, all devices on
the control data bus 330 then are roquired fo mask their SDA line 318 input during that

peried to prevent erroncous/extra RXCLK puises from being detected. In one example,
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cach device gates the SDA line 318 to hold its value into the CDR circuit as 1 {or high)
during the in-band IR period.

[80124]  FIG. 17 1s a diagrarn 1700 that llustrates one approach to implementing an
in-band IRQ period while supporting both 12C mode and CCle mode. In this approach,
CCle mode is exited, then the in-band IRQ is issued while in 12C mode. Afier the in-
band IRQ is issued, the control data bus reverts back to CCle mode. However, having
to switch to 12C mode just to 1ssue in-band IRQs creates overhead (both hardware and
time} that is too large.

{BGI25]  FIG. 18 i3 a diagram 1800 that ilhustrates an example in which in-band IRQ
{TB1) 1s issued while in CCle mode. Ideally, the protocol may be maintained as compact
as one or twa CCle words so that in-band IRQs can be issued as often as possible with
as munimum profocol overhead as possible. For example, a periodic IRQ window
maybe defined.

(881261 Among other consideration, the jn-band IRQ period may be available even
when the bus system s 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 CCle “heartheat” 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”
CCle word at a rate that is slow enough for power saving but fast enough not to starve
slaves. This “heartbeat” CCle word may serve as an indicator to slave devices that they
may issue [RQs.

801271 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 transmutter 1900, input data bits 1904 are
converted o a nulti-digit temary (base 3) nurmber, where each digit may be referred
to as a “transifion number.” The ternary number is then converted into a sot of
(sequential} symbols which are transmitted over the clock line SCL 1912 and the data
Iine SDA 1914 of a physical hink 1902, In one example, an oviginal 20-bits of binary
data is input {0 g bif-to-transition mursber 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 18 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 beiween the
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symbols in every pair of sequential symbols, the sequential symbol trarsifion may serve
to embed a clock signal. Each sequential symbol 1916 is then sent over a two wire
physical hink 1902 which may include an 12C bus having a SCL line 1912 and a SDA
tine 1914,

[80128] FIG. 20 is a diagram 2000 that illustrates an example of the encoding of bit
19 (i.e., the 20” bit when the bit count starts at the first bit being bit ). In other words,
as 1s typical in the computer sciences, counting bit wise begins at zero, and bit 19 15 the
20 bit. Here, the bits 0-18 are represented within the ternary number range of
(000 G000 00005 to 2221 2201 20015, The ternary numbers in the range of
2221 2201 20025 o 2222 2222 22225 may be unosed for data  transmussion.
Consequently, the ternary number range 2221 2201 20024 10 2222 222 22275 may be
used to ropresent bit 19 {i.e, 20™ bity. In other words, 2221 2201 2002, ternary is
1000 0000 0060 0008 0000 binary (Ox80008 hexadecimal) and 2222 2222 2222
tornary (Ox81BF0) is the largest 12 digit ternary number possible. FIGS. 21 and 22
illustrate one example of 207 bit (bit 19) utilization, and the number space of the 20™ bit
{(bit 19} in which the heartbeat may be transmitted.

(80129 FIG. 21 15 a table 2100 that illustrates an example in which bit 19 may span
the numbers 2221 2201 2002, 10 2222 2222 22225, and that range of numbers may be
subdivided into subdivisions on the loft side 2102 of FIG. 21, CCle 15 a multi-master
control data bus architecture and controd of the control data bus can be transferred from
one master device to another master device. Conseguently, a “master bus request”
command is available (within subrange 2222 1121 0210; to 2222 2112 11215 as well
as a “master handover” (within subrange 2222 2220 6002 10 2222 2221 1210}
[B01381  FIG. 22 is a table 22060 that illusirates a range within the bit 19 number space
that raay be used to define a heartbeat as disclosed herein.

(80131} FIG. 23 is a timing diagram that illustrates a heartbeat clock 2300 having
heartbeat pulses 23024, 2302b, 2302¢, 2362d. A conirol word 2202 {see FHG. 22) that ig
defined according to certain aspects disclosed herein may be used to provide the
heartbeat clock 2306, The heartbeat clock 2360 may provide pulses 2302a, 2302h,
2302¢, 23024 that have relatively short duration 2306 and that are separated by
relatively large periods of time 2304, To one exaraple, the pulses 2302a, 2302b, 2302¢,
2302d may be defined as a one-symbol duration {e.g., 30 ns), and the pulses may be

separated by 30 microseconds (30 ps), thereby providing a heartbeat clock with a
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frequency of 33.33 kHe. 1o this example, CCle slave devices may use the 33.33 kHz
clock extracted from heartbeat words for various standby operations.

[B0132]  FIG. 24 illustrates an example 2400 of a control word 2416 that may be
transmitted in compliance with CCle protocols, and in a manner that enables the CCle
devices to obtain a heartbeat clock, including the heartbeat clock 2300 illustrated in
FIG. 230 In one example, the control word 2416 may be expressed as the hexadecimal
number Ox81BEE, which produces a bit pattern 2412 that s mapped to a trauvsition
number that moay be expressed as a 12-digit tormary nurnber 2414, The transifion sumber
that may be encapsulated with start condition values to produce a set of 14 transition
numbers 2424 caleolated to produce a 12-symbol sequence 2428 that 1s provided in a
stream of symbols 2422, As dlustrated n the tinung diagram 2420, every other syrabol
2430 of the 12-symbol sequence 2428 has a value of *37 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 arc m the high state. A
symbol value of ‘3" may minimize power consumption associated with the serial bus
330, The 12-symbol sequence 2422 also inchudes symbols 2432, 2434 that have the
value “ 17 or "2, which cause cither the SDA signal wire 318 or the SCL signal wire 316
to be driven low, while the other of the SDA signal wire 31¥ or the SCL signal wire 316
remains high. In each 12-symbol wansmission 2428, one symbol 2434 may be provided
with a value of 2, while the remaining symbols 2432 have a value of ‘1.7 As a resuli,
the heartbeat control word 2416 produces 6 pulses on the SDA signal wire 318 and one
prulse on the SCL signal wire 316 cach time the control waord 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 IR Technigue

(881331 FIG. 25 illustrates an example of a heartbeat clock may be transiutted over
the SDA hne 318 and SCL line 316, n this example, the heartbeat clock includes a fivst
portion 2502 of the heartbeat clock is transmitted on the SDA hne 31¥, 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 1o-band IRQ on the 8DA hine 318,

{80134}  According to the protocol, a receiving slave device may detect, for exampie,

the n™ RXCLK 2514 after the start § indicator 2512. The ™ RXCLK 2514 may frigger
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an internal SDA mask 2524 within a recoiving slave device to mternally mask the SDA
fine 313,

[B0135] At the nt+] RXCLK 25146, the slave device may trigger an TR by pulling the
STA hne 318 low. The SDA line 318 is pulled high by the master device or tloats, so
that when it is pulied low (by a slave device} this serves to indicate an in-band [R{}. At
the o+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 2526, the slave device
may release the SDA line 318, such that the in-band IRQ is de-asserted. Between nt3
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 SIDA mask 2824 at n+4 RXCLK 2522, At the n+4 RXCLK 2522, the slave
device may release the SDA mask 2524, iIn this manner, an IR{} may be transmitted by
a slave device during the IRQ period 2506 defined on the SDA line 318,

(881361 FIG. 26 is a diagram 2600 illustrating one example of a schome for
converting between ternary numbers (transition nomber) 2602 and (sequential) symbols
2684, A ternary mumber, 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
n two consecutive ternary numbers, no two consecutive symbaols have the same value,
{B01371  The conversion function is set forth illustratively im FIG. 6, Un the
transmission side {TX: Tto Sy the logic 18 Ty = T =073 : Tand C; = Py + Ty In
other words, the fransiion number T is compared to zero and when T = zevo, Tuw (T
temporary} becomes equal to 3, else {when T not equal zero) Tuyp becomes equal 1o T.
And the current symbol (C) becomes the previous symbol (P} value plus T For
exaraple, n a frst cycle 2606, the T is 2, 50 Ty 8 also 2, and with P being 1, the new
C, 18 now 3,

[B0138] In a sccond cycle 2608, the transition mumber 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 mumber §
becomes the current symbol.

(801391 In a third cycle 2610, the same transition mumber 1 is input, Because T is §
Timp 19 also 1. The conversion logic adds 1 to the previous symbol § to generate current
symbol 1.

[60148] In a fourth cvele 2612, the transition number § is input. The conversion logic

makes Tuyp equal to 3, when T is zero. Accordingly, 3 is added to the previous symbol 1
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to generate current symbol § (since the result of the addition, 4, is larger than 3, the
rolled over number ¢ becomes the current symbol).
(80141 Consequently, even if two consecutive ternary digits 2602 have the same
aumbers, this conversion guarantees that two consecutive symbol numbers have
differcnt state values. Because of this, the guaranteed symbol transition in the sequence
of symbeols 2604 may serve to embed a clock signal, thereby frecing the clock line SCL
i an [2C bus for data transmissions. On the receiver side (RX: S to T) the logic s
reversed: Tip = Co+4-Foand T =Ty =3 70 T
[p0142]  FIG. 27 is a first diagram 2700 that illustrates one exampie of a technique for
converting a transition number to 8 symbol number. A symbol § may be transmitted
over the SDA line 318 and SCL line 316 when a control data bus 330 is operated in
CCle mode. In one example, cach 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,
[88143]  Each ternary transition number T may be characterized as follows:
T=1 when S transitions from previous staie 1o current state clockwise by one
state on the symbeol 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 transmoission over the data control bus 330 1w CCle mode may employ any
transition number. That is, all possible transition number values are available to be used
for generating cach symbol that encodes data. The symbol is selected using the
transition number to identify a symbol that s different from the previously transmitted
syrabol.
[B0144] FIG. 28 is a second diagram 2800 that illustrates certain aspects of the
encoding technique illustrated in FIG, 27. In this diagram 2800 cach ternary transition
number T may be characterized as tfollows:
T=1 when S transitions from previous staie 1o current state clockwise by one
state on the symbol ordering circle; and
T=2 when S transifions 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.
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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.

[B0145]  FIG. 29 15 a diagram that illustrates certain conditions that may ocour when
an SDA mask 3122 s asserted, which may ocour condition during an in-band IRQ
period. As noted hercin, the SDA line 318 is masked during the in-band IRQ period to
avoid generation of extra eclock pulses. The SCL bine 316 doces not toggle when
fransition number T = 2 s sent, and according to [2C protocols, the SDA line 318 15
observed to be always high regardiess of its actual state when the SDA signal 1s masked,
no symbol transition. Consequently, T=2 may be prohibited while SDA Mask=1, since
a slave device generates no transitions on s receive clock f T=2 is during the SDA
Mask period.

{B01d6]  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 O for
the SDA hine 318 is ahiased o T[2:0]=010 that assume SDA bit is always 1, because the
SDA Hine 318 is always secn as logic | state during the m-band IRQ period.

[B80147)  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 Ox81BD6 through Ox81BFO (e,
27 addresses) within the ternary mumber 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 occuptes not only ove address, but it offectively
occupies 27 addresses of Bit-19 region. The use of the particular heartbeat patiern
prohibits use of the ternary number 2222 2222 2222, which is 81BF0 hex, and is very
usetl as the first word of the two-word CCle synchronization. The fernary number
2222 2222 2222 facilitates absolute synchronization,

[60148]  FIG. 32 1s a table 3200 that iliustrates an example of the use of Bit-19 of the
ternary number Hhustrated in FIG. 31 to map CCle mode transmissions. In this example,
the heartbeat may be assigned to the ternary number 2222 2222 2010.. Note that in
this example, so long as a ternary number 1o the range of 2222 2222 2oxxs is detected,

this may be mterpreted as a heartbeat and/or in-band IR {c.g., 0x81BD9 hex).

Second Example of an In-Band IRQ Technigue
{60149]  FIGs. 33 and 34 include timing diagrams 3300, 3400 that illustrate a

technique for implementing in-band RO on a control data bus 330 that is operated or
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operable in CCle mode. In one example, a reduction in the rwrnber of receiver clock
RXCLK cycles needed to perform in-band IRQ may be reduced with respect to the
example deseribed in relation to FIG. 25, The timing diagram 3300 corresponds o a
protocol for providing an in-band IRQ period 3306, in which a receiving slave device
may detect, for example, the a" RXCLK pulse 3314 after the start S indicator 3312, The
n® RXCLK pulse 3314 wmay trigger an internal SDA mask 3324 to internally (e.g.,
within a receiving slave device) mask the SDA line 318

[B0158] At the o+l 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.

(801511 Rather than waiting until the next clock cycle, between the nt+l1 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-
cuable SDA driver and may begin to drive the SDA hine 318 to a high level

Consequently, the recciver of the asserting slave device can safely release SDA mask at

release the SDA mask 3324, Tn this manner, an fu-band IRQ may be wransmitted by a
slave device during the IRQ period 3306 detined on the SDA hine.

[80152] FIG. 35 is a timing diagram 3500 that illustrates aliasing conditions when an
SPA Mask 3324 is employed, and FIG, 36 includes a timing diagram 360{) that
ithustrates certain aspects related to a heartbeat clock provided during in-band IRQ in
accordance with the cxample presented in FiGs 33-35, A heartheat word may occupy
the number space OxB1BBB~0x81BDS (i.e., 27 addresses) within the ternary number
space.  Similar to the heartbeat discussed in relation to FIGR. 25-32, an alternative
heartheat for the exanple in FIGS. 33-35 also occupies 27 addresses of Bit-19 region.
However, this alternative heartbeat does not prohibit use of the 2222 2227 Zxxx

ternary number space, such that the 2222 2222 2222 word is still available for
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synchronization. This heartbeat patiern may also necessitate that a master device use an
asynchronous in-band IR{} detection circuit in order to accommodate a shorter in-band
IRQ perted.

[B0I83]  FIG. 37 is o diagram that illustrates & 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 i ovder 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 mierrupts.
[80154]  When the master device 15 in power saving mode 3720, the same heartbeat
3702 can also be transmutied, thereby allowing the slave devices on the bus an
opportunity to issue an in-band IRQ during power saving made,

[B0IS5]  FIG. 38 s a timing diagram 3800 that illustrates a  combination
synchironization 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-7, 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 Zs including
one “27 assoctated with a Start condition, and one “27 after the last symbol when the
symbol representing bus signaling state turns form 1 (SDA=0, SCL=1} to 3 (§DA=1,
SCL=1}. The “-NC” word may cause receiving devices to generate 9 transition state 2s
including one “2” associated with a Start condition.

(801561  The combining of the “SY-” word and the “-NC” word may be referred 1o as
a “SYNC” that provides a total of 23 transition state 2s followed by “1101” sequence.
This sequence is 3 unique sequence and does not occur in other CCle transactions, CCle
devices may use the sequence to synchronize to a CCle word boundary.

(661871 FIG. 39 15 a table 3900 that illustrates the synchronization and heartbeat
mapping within Bit-19 of the CCle protocol. Nuwaerical space Ox81BD4G through
Ox81BEF hex, spanning 27 numbers, may be prohibited in order to make the two word
pattern “SY-NC” that includes twenty-three “27s and the “11017 bit pattern are unigue
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
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regynchronize in case of synchronization loss, or to permit hot-phigged slaves fo

synchronize to the bus.

In-Band SID Scan and Response

[B01S8] Each slave device coupled to a control data bus 330 may be uniquely
identitied by a slave identifier (SIE). The 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
onio the bus (hot-plug, for example), and/or pericdically. When the master device
senses that an TR has been issued by a slave device, 1t may then scan the slave devices
to dentify which device issued the IRQ. In one approach, the master device may
initiate an SID scan in which a sequence of SiDs, or clements thereof, is sent and a slave
device which matches such SID or SID element pull the SDA line low to indicate a
match.

6615891 FIG. 40 lustrates one example 4000 of g CCle transmission that inchides an
SID “Scan Al command 4002 and its corresponding payload 4004, The SID “Scan
AN command 4002 (dentified by “0x4” code) may be issued by a aster device. The
pavicad 4004 may inclode a Unit SID inquiry sequence 4010, Each Unit SID mquuy
sequence 4310 mcludes an SH? Mask Pair 4008 and a response (RESP) word 4006, The
SID Magk Pair 4008 may define a mask that identifies a bit position within an SID to
fguire about.

(80160  As illustrated in the table 4020, the 32-bit SID Mask Pair 4008 (spread over
two 16-bit data DO and D1) serves to identify whether one or more bit locations of a 16-
bit SID s being queried and, if so, for which value {(or bit-settings) it is bemng queried.
For instance, bit [1] of the SID Mask Pair 4008 may define whether bit [(] of an 81D 18
to be checked or masked (i.e., not checked). it bit{1] indicates “check™, then bit[(}] of
the SID Mask Pair 4008 defines whether the inquiry is for “07 or 17,

661631 A period defined by the RESP word 4006 allows slave deviees to respond to
the 51D inquiry m-band over the shared bus. For each Unit SH imquiry sequence 4010,
cach slave device which has one or more non-masked S1I bits that match corresponding
inguiry 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 inguiry bit) sends an inquity response in-band over

at {east one line of the shared bus. This allows the master device o ascertain whether or
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not any slave device on the bus has a partially matching SH) (G.e., an SID that has a bt
at the inquired bit location that matches the inquiry bit).

[80162]  Mulaple Unit SID inquiry sequences 4010 are sent by the master device {o
fully identify the SID for all devices coupled to the shared bus.

{80163} The “Scan A" 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 tor all slave devices coupled to the control bus 1 order to check
whether all slave devices are in synchronization. In this exanmple, the master device need
not necessarily execute a complete “blind scan”, and the master may issue inquirics
without masks and/or with masks that do not exclude any STE bits from comparison
because the master device may already know which slave devices are coupled fo the
bus. In another example, the master device may scan for all slave devices coupled to the
comirol 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 cach slave device fo be scanned.

[80164] FIG. 41 illustrates a timing diagram 4100 for an SID Scan response (the
RESP word 4006}, over a shared bus comprising an SDA Hne and a SCL line. Tn this
example, an SID scan response 4130 1s identified by ternary number 2222 2221 21013
or hex (x8IBEF 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
fime 4126 to be weakly pulled high. Each receiver device then masks the SDA line input
to 1ts clock data recovery circuit (CDR) for the response period 4106, The master
toggles (changes states of) the SCL hne so that cach receiver device is able to recover a
clock from such toggling on the SCL line while the SDA line is in use.

[80165] The RESP word 43¢ 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
Heartheat word. The Heartbeat word and the RESP word 4006 may be adjacent or
nearly adjacent within a Bit-19 ternary space (i.c., a address space where the Bit-19
value s 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 avatlability of
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f-band response capability provided by a RESP word 4006 enables slave devices fo
send a response in-band, instead of using a dedicated side-band IRQ line.

[B80166]  According to the CCle protocol, a recetving 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 CCle device.

(881671 At the nt1 RXCLK 4116, the slave device may assert/issue 4 response by
pulling the SDA line 4126 low. The SDA hne 4126 1s weakly pulled high by the master
device, so that when it is pulled low (by a slave device) this serves to indicaie a positive
response to the ST scan inquiry. By weakly pulling the SDA line 4126 high, this
allows a slave device to pull the SDA Hine 4126 low to assert the response to the SID
scan nquiry,

[80168] Rather than waiting until the next clock cycle, between the nt+l1 RXCLK
4116 but before the n+2 RXCLK 4118, the master device may monitor the SDA line
4126 to ascertain if and/or when i goes low, meaning a vespouse has been
asserted/issued. Note that such moniforing of the SDA line 4126 by the master device
may be performed ouly during the response period 4106 to asynchronously detect any
asserted/issued response from slave devices.

[80169] At the nt2 RXCLK 4118, the slave device may release the SIBA line 4126,
[86178] Between n+2 RXCLK 4118 and n+3 RXCLK 4120, the master device may
re-enable s 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
a3 RXCLK 4120,

0171 At the o3 RXTLK 4120, the slave device may release the STJA mask 4124,
In this manner, an SID scan response moay be transmoitted by a slave device during the
response peried 4106 defined on the SDA line 4126,

(801721 FIG. 42 s a table 4200 that iilustrates possible SID scan response words that
may be used by the CCle protocol for a using ternary sumber 2222 2221 2100

{Ox81BEF hex).

IRQ Group Inguiry
801731 In ovder to identify an TR asserting slave device, the slave devices may be
assigned or associated with g “group”. Thus, the master device may send an nquiry o

identity the slave device(s) that asserted an IR} request. A slave device that asseried
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the TRQ may respond to the inquiry only within its assigned group, thereby identifving
the asserting slave device to the master device.

[80174]  FIG. 43 1¢ a diagram 4300 that lustrates an IRQ group tnquiry general call
within an exemplary CCle protocol. The master device may broadeast a genceral call
IRQ group inquiry 4320 to all slave devices on the shared bus. Following the IRQ group
inguiry command 0x0007 hex 4302, a plurality of IRQ group inquiry words 4304 are
sent. In one example, cach joquiry word has 3 inguiry response slots, and total 33 slots,
for group 0 o group 32. In one example, the mquiry words 4304 may include from one
(1) to eleven (11} IRQ group inquiry words (JQ) and one terminator word {Term} 4306
at the end. An example of a terminator word 4400 is iHlustrated m FIG. 44, For each
mguiry word 4304, all slave devices mask the SDA line of the shared bus. At each IRQ
group inquiry (1Q) word 4308 of the payload 4304 of the general call, each slave
receiver must start masking SDA at T RXCLK and release the mask at dummy (T.3
RXCLK.

[80175]  In the example depicted mm FIG. 43, the IRQ group inguiry may be
determined when the message type of the call has the value 0x7. As noted, there may be
three titoe slots in each 1Q word of the payload of the general call assigned to three
different IRQ groups. In cach slot, one or more slave devices i cach assigned group can
drive the SDA line as an inquiry response to indicate it has issued an IR or is has an
IRQ) that has not been serviced. The master devices may choose numbers of IRQ group
fguiry (1Q) words based on number of IRQ groups associated with the bus.

{66176 In some mstances, or as needed, the master device may send a shorier
inquiry word sequence than the sequence length needed to cover all existing groups. In
one exaraple, the shorter ingquiry word sequence may be sent to shorten inquity time for
froquent 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 (10} words may
conchide with a terminator word {Term).

(881771 As ilustrated in FIG. 44, the symbol paticrn of the terminator word 4400
may be chosen so that each receiver can recognize the word 8 8 terminator word 4400
(i.¢., the Term word 4306}, rather than an IRQ group inquiry (1Q} at location Ty 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) schome permits the
length of a payload to be flexibly set, and the length of the IR} group inquiry (IQ) word

sequence can exceed 11 words if necessary.
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1801781 The IRQ group inquirty call may define bit values for certain words 1o
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 tHustrated in FIG. 41 and the mitial symbol 4403 of the Term
word 4306 (see FIG. 43) illostrated in FIG. 44, That 15, differences that are apparent
between the fivst (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 condition
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, SYMONT 4402 may be wnutialized with a vahlue of 0xB, and
SYMONT 4402 may be decremented for each symbol received. Accordingly, the slave
devices moay determine the state of SDAMASK signal 4124, 4424 based on the value of
the symbol 4103 or 4403 received when SYMUONT 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 (xB, 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 SYMONT 4402 has a value of 0xB, mdicating that the
SDAMARSK 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 on-the-fly, therehy cnabling variable fength sequences to be
handled.

[00179] 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 o earlier
response slots. Group 0 may be reserved for hot-plugged devices or for devices that the
master has not yet recognized on the bus system. Since at least one IR group mguiry
{12y word must be sent, any hot-plogged device that issued an IRQ can always be
recognized.

[B0I8¢] FIG. 45 illustrates the response to a group inguiry call. In this cxample, one

or more response periods (1.e., inguiry words}) may be defined on the SDA line 4508 by
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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 mguiry
{102y word 4308 (see FIG. 43). Each of the three time slots 4502, 4504, and 4506 in
cach 1Q 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 cach IR group mnguiry word
4308 has three inquiry response slots 4502, 4504, and 4506, and maximum 11 IRQ
group inquiry (1) words can be in the general call payvicad 4304, there can be
maxnmum 33 group slots in one call.

(80181 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 IR() issuers. This
approach identifies multiple IRQ groups at once, thereby reducing the number of IRQ
scans nocessary {e.g., fewer IRQ nesting).  Allernatively, multiple devices may be
assigned fo 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.

[B0182]  The master device may chose the number of IRQ group inquiry (1) words
to inchude 10 a general call based on number of IRQ groups on the bus system. In somse
cxamples, the master device may send a lesser number of inguiry words 4308 {c.g., less
than a maximom member of eleven (1133, This may allow shortening the time for the
IRQ group jnquiry general call,

601831  The scquence of the IRQ group fnquiry (JQ) words ends with a termunator
word (Term) 4306. The symbol pattern of the terminator word 4306 may be chosen so
that cach receiver slave device can recognize the word i3 a termunator {Term), not an
IRQ group nguiry (1) at T11 RXCLK to know when to stop masking the SDA lne
4508 and end of the IRG group inguiry general call.

[80184] The three slots 4502, 4504, and 4506 for the first IRQ group mquury (I()
may be assigned to Group 0, 1, and 2. A group with smaller number may be assigned to
carlier response slots.

{BG185] In one example, Group O may be reserved for hot-plugged devices or devices
that the master device has not vet recognized on the shared bus. Since at least one IRQ
group mguiry (10} word must be sent, any hot-plugged device that issued an IR is

always recognized.
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{66186  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 ingquiry (1Q) word
sequence can exceed 11 words if necessary.,

(801871 IRQ group inquiry may be used for side-band IRQ, where a separate IR
signal line may be used by slave devices to request interrupt service. The master can
identity requesting devices using IRQ group inquiry, and the master device need not
deterroine 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 tinung and
the slave devices need not arbitrate IRQ. Accordingly, the slave device and/or master
device can operate without a precise free-tunning timer fo create and measure IRQ
period for group wdentification,

[B0I88] According to certain aspects, [R{} group inguiry can support simultaneous
IRQ assertions by multiple groups without any group being subjected to arbitration loss.
The master device can recognize all TR(Os at once, and slave devices need not keep
repoating IRQs as a result of arbitration loss. Accordingly the slave devices are loss

tikely to experience access “starvations,”

Global Clock Read

[8018Y9] (Cle is a source synchronous symbol fransition clocking system. A device
that sends data over the conirol 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 SCU 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
road.

[80198¢]  As can be appreciated from FiGs, 43-45, an IRQ group inquiry word may be
himited to carrving only 3 slave responses, mainly in order to altow multiple slaves with
ditferent RXCLK timings to drive the SDA ine 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.

(80191 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, Betore starting
a DDR global clock read sequence, the master device may issuc some CCle protocol

transmission, such as general call. The general call transmission may indicate:
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{. The following sequence 15 DDR global clock read.

2. The number of words of DR 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,
[80192] Each of the devices on the bus is adapted or configured to understand that all
of the CCle transactions after the general call relate to DDR global clock read, until a
spectfied number of words have been sent.
661931 In the DDR global clock maode, all the devices on the bus may mask the SDA
input to their clock data recovery (CDR} circuit during the symbeol period inchuding
dummy syrabol at the end of a word, The addressed slave device drives the SDA line
318 low at the 2u0d RXCLK pulse (not inchuding RXCLK by the START condition), and
that logic § 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.
[B0194]  The master device releases the SDA line 318 atier the 1st symbol 37 15 sent,

Cery Y
Lo

and cnables its SDA driver and drives the SDA line 318 high after the last symbaol
After releasing the SDA line 318 the SDA line 318 may be weakly pulled to a high
state. The master samples in SDA Hne 318 at SDACLK timing to shifi-in the 9 read data
bits, The master may resume driving the SDA hne 318 afier the last symabol (*27), by
transmitting the symbol “3.7

[B0195]  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 gencration eircuit
4706 which may be used by the master device to sampie data valoes fromm 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 signal 471} is
P {SDA Iine 4708 mput to CDR is masked).

{80196]  Since it is a slave device that drives the SDA Hine 4708 during a global clock

read period, all the devices on the bus {(inchuding the master device) mask the SDA line
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4708 input to their COR 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 dommy symbol,

(801971 In this example, the master device sends O0xSBETS (2010 1010 _1010;) for a
global clock read word. Since this is the payload portion of the global elock read general
call, each device on the shared bus knows that global clock read words follows after the
call message “67, each device also knows when to start and end the SDAMASK 4710,
(601981 In some fnstances, the SDACLK 4702 may be generated at the master dovice
with a delay with respect to 18 RXCLK 4704 to cope with read data turnaround delay
on the SDA line 318, The duration of the delay way 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.

[86199]  In some instances, slave devices may activaic 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 1010 by cach slave).

[80288] Each device expects the global clock vead word for next word unless next
word is the “Terminator” word that has distinct signal pattern at the first symbol.
(802811  Since the data signal on the SDA line 4708 is driven by a slave device using
a RXCLK 4716 from the slave device’s CDR, the master device must delay “properly”
its second clock signal RXCLK 4704 from the master device’s CDR in ovder for the
master device to sample the data with enough setup and hold time. The master dovice
fearns that “proper delay at the first falling cdge 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 (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 deviee reliable

samples the SDA line 4708 ransmissions from the slave device from next symbol.

Examples of Apparatus, Systems and Methads Invelving a Commen IRQ Bus

[80282] FIG. 48 15 a conceptual diagram 4800 iflustrating a simplified example of a
hardware implomentation for an apparatus emploving 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 clement, or any portion of an element, or any
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combination of eloments as disclosed herein for managing or initiating interrupts using a
common IRQ bus may be implemented using the processing cirenit 4802, The
processing cireuit 4802 may include one or more processors 4804 that are controlied by
some commbination of hardware and software modules. Examples of processors 4804
include microprocessors, microcontroliers, digital signal processors (DSPg), field
programmable gate arrays (FPGAs), programmable logic devices (PLDs), state
machines, sequencers, gated logic, discrete hardware civcuits, and other suitable
hardware configured to perform the various fumctionality described throughout this
disclosure. The one or more processors 4804 may include specialized processors that
perform specific fimctions, 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 comumunications 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
sottware modules 4816 loaded during initialization, and may be further configured by
foading or unloading one or more of the software modules 4816 during operation.
(802831  In the iHustrated example, the processing circuit 4802 may be tmplemented
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, tmers, peripherals, voltage regulators, and
power management circuits. A bus interface 4808 may provide an interface between the
bus 4810 and one or more fransceivers or line interface circuit 4812, A linc interface
circuit 4812 may include differential Hine drivers and receivers, a CDR, encoders and
decoders that are used in communicating with various other apparatus over a
fransmission medivm that may include a multi-wire serial bus, Depending upon the
nature of the apparatus, a user mferface 4818 (e.g., keypad, display, speaker,
microphone, joysticky may also be provided, and may be communicatively coupled to
the bus 4810 directly or through a bus interface 4808,

[80284] 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 compuier-
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circuit 4802, mcluding the processor 4804, may be used to implement any of the
methods, functions and technigues 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 o implement any one of the methods disclosed herein.

[80285]  Ome or more processors 4804 in the processing cireuit 4802 may execute
software. Software shall be construed broadly to mean instructions, msiniction 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, ctc., 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 compuier readable medium., The computer-readable
medium and/or storage 4806 mayv be a nov-transitory computer-readable medium. A
non-transitory computer-readable medium fnchudes, by way of cxample, a magnetic
storage device {c¢.g., hard disk, floppy disk, magnetic strip), an optical disk {(e.g., 2
compact disc (CD) or a digital versatile disc (DVD)}), a smart card, a flash memory
device {e.g., a “flash drive,” a card, a stick, or a key drive), a randorm access memory
(RAM), a read only memory (ROM), a programmable ROM (PROM), an crasable
PROM (EPROM), an electrically crasable PROM (EEPROM), a register, a removable
disk, and any other suitable mediom for storing software and/or instructions that may be
accessed and read by a coraputer. The computer-readable medium and/or storage 4806
may also include, by way of example, a carrier wave, a fransmission line, and any other
suitable medium for transmitting software and/or instructions that may be accessed and
read by a computer. Computer-readablie 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 mudtiple entities including the processing circuit 4802,
The compuler-readable medivm and/or storage 4806 may be embodied in 3 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.
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(802861  The storage 4806 may mainfain software maintained and/or organized i
foadable code segments, modules, applications, programs, eic., which may be referred to
herein as software modules 4816, Each of the software modules 4816 may include
mstructions and data that, when imstalled or loaded on the processing circutt 4802 and
executed by the one or more processors 4804, contribuife to a run-time image 4814 that
controls the operation of the one or more processors 4804, When executed, certain
fstructions may cause the processing circuit 4802 to perform functions in accordance
with cortain methods, algorithms and processes described heretn,

(862871 Some of the software modules 4816 may be loaded during initialization of
the processing civcuit 4802, and these software modules 4816 may configure the
processing circuit 4862 to enable performance of the various functions disclosed herein.
For example, some software modules 4816 may configure internal devices and/or logic
circuits 4822 of the processor 4804, and may manage access to external devices such as
the hoe interface circuits 4812, the bus interface 4808, the user mierface 481K, timers,

-t

mathematical coprocessors, and so on. The software modules 4816 may mclude 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, processing time, access o the line
interface 4812, the user interface 4818, and so on.

[80288] Ome 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 (o inputs from the user interface 4818, the line interface cirenits 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 environment,
whereby each of a plurality of functions is implemented as a set of tasks serviced by the
one or motre processors 4804 as needed or desived. In one example, the multitasking
cuvironment 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
ouistanding operations and/or in response to an input such as an miorrupt, 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
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task, The tirsesharing program 4820 may include an operating system, a main loop that
transfers control on a round-robin basis, a function that allocaies control of the one or
maore processors 4804 in accordance with a prioritization of the functions, and/or an
interrupt driven main loop that responds to external events by providing condrol of the
one or more processors 4804 fo a handling function,

[8028%9] FIG. 49 s a flowchart 4900 illustrating a first example of a method for
asserting, receiving, and/or processing an m-band IRQ according to certain aspects
disclosed herein. The method may be implemented by g master device or a combination
of master and slave devices, for example.

802181 At block 4902, data transnussions over a bus from a master device may be
controlled. Data bits may be transcoded futo symbols for transmission across two lines
of the bus and a clock signal is embedded within symbol transitions of the data
transmissions,

(662111 At block 4904, the bus may be monitored during an infervupl period
associated with transmission of a heartbeat word by the master device over a tirst line
and a second line of the bus. The one or more slave devices may be enabled to assert an
mterrupt 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 2 pulse on a
receive clock generated from signaling state of the first line and the second line while
the bus 18 in an idle mode of operation.

(862121  To 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
transmitied between the master device and the one or more slave devices may include
twenty-bit words that have the most significant bit set fo a second logic level. The one
or more slave devices may be adapied to assert an inferrupt reguest by fransnutiing a
response word on the first line and a2 second line of the bus. The response word may
differ from the heartbeat word by one bit and has a most significant bit identical (o a
most significant bit of the heartbeat word.

662131 In another example, the one or more slave devices may be adapted fo
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

inttiated by the master device over the first line and a second line of the bus.
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{66214] In another cxample, cach 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 transiussion of a global call on the bus. Each of the one or more slave devices
may be configured 0 mask the first data line when transmitiing a response after the
global call has been transmitted on the bus,

[80215] In onc example, 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.

[80216]  In another example, a slave device may assert an interrupt request by pulling
down the first line during the mterrupt period. The slave device may wternally moask the
first line during the miercupt period for purposes of decoding the transcoded data bits
received over the bus. According to certain aspects, alf slave devices coupled to the bus
also internally mask the first line during the interrupt period.

(662171 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 identificr scan
mitiated by the master device over the first line and a second line of the bus.

[B0218]  In another exarople, a data read period may be defined in which a previously
identified slave device is allowed to transmit data over g 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.

(802191 FIG. 50 is a flowchart 3000 ilhustrating 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.

[B0228] At block 5007, the slave device may receive data transmissions over 4 bus
from a master device. Data bits of 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 interrapt period may be detined within
the symbols received over the bus.

[80221] 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
tine and a second hine of the bus. The intorrupt request may be an indicator that the
asserting slave device wishes to request sonie action by the master device. The interrupt

request may be asserted by pulling down the first line during the interrupt period.
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(602221 In one example, the inferrupt 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.

802231  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.
(882241 In auother example, the slave device may receive a slave identifier scan
request froma the master device over a first ine 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
wdentifior scan slave identifier scan response period provided by the slave identifier scan
request,

[80225]  In another cxample, the slave device may send data over a first line of the
bus during a data read period, detined by the master device, in which a previously
identitied 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.

[B0226]  FIG. 51 is a conceptual diagram ilustrating an example of a hardware
implementation for an apparatus 5100 employing a processing circuit 5162, In this
example, the processing circuit 5102 may be implemented with a bus architecture,
represented generally by the bus 5116, The bus 5116 may include any rumber of
mterconnecting 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 gencrally 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 Hming sources, timers, peripherals, voltage regulators, and
power management 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, & user interface may be provided to support devices such as a keypad, a

display, a speaker, a microphone, a joystick, and the like,
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1802271 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 SHEZ) causes the
processing ciwrcuit 3102 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 3112 when executing software. The
processor-readable  storage wediom S114 way also be used for storing system
mformation refated to one or more remotely managed devices {e.g. profiles), and the
apparatus 5100 itself.

[80228]  In one configuration the processing cirawit 5102 may perform one or more
functions of a device adapted for cormmmunicating as a bus master on an 12C, CCL, and/or
CCle bus. In 3 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,
CCL, and/or CCle bus. The processing circuit S102 may connected through the interface
circuits 5118 o a control data bus 5120, The processing circuit 5102 may include a
module or circuit 5104 configured to monitor the CCle bus 5120 to ascertain when an
n-band IRQ signal is asserted or can be asserted by at least one slave device, a module
or circuit 5106 configured fo encode or decode data transmitted on the CCle bus 5120,
and a module or circuit 5108 configured to transmit and/or receive data using the CCle
bus 5128

(802291 It is to be understood that the specific order or hierarchy of steps in the
methods disclosed is an ilustration of cxemplary 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 1n a saraple order, and are not roeant o be himited to the specific order or huerarchy
presented unless specifically recited therein.

[80238¢] The previous description s 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 consisient with the
language of the claims, whercin reference to an element in the singular s 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
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reforring o “at least one of” a list of ftems refors to any combination of those items,
including single members. As an example, “at least one oft a, b, or ¢” is intended to
cover: a; b ¢y a and by a2 and ¢; b and ¢; and a, b and ¢. All structural and functional
cquivalents to the clements of the various aspects described throughout this disclosure
that arc known or later come to be known to those of ordinary skifl 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 US.Cl §112, sixth paragraph,
unless the element is expressly recited using the phrase “means for” or, in the case of a

method claim, the clement 18 recited using the phrase “step for.”
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What is claimed is:
I A method operational on a master device, comprising:

confrolling data fransmissions over a bus coupling the master device and one or
more slave devices, wherein data bits are transcoded into symbols for transmission
across two tines 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 hine and a second line of the bus,
wherein the one or more slave devices are enabled to assert an inferrupt 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 st to a first logic value, and wherein
pavicad data fransmitied 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 lovel

3. The method of claim 2, wherein the one or more slave devices are adapted to
assert an interrupt reguest by transmitting a response word on the first line or a second
fime 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 identity a slave device

asserting the intermupt request.

5. The method of claim 4, further comprising:
receiving an indicator over the first line from the slave device asserting the

mierrupt reguest.
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&, The method of claint 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.
7. The method of claim 1, 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.

&. The method of claim 1, turther conprising:

providing a slave identifier scan response period, during which one or more
slave devices coupled to the bus can provide their unuque 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.

a, The method of ¢laim &, wherein cach of the one or more slave devices 8

configured to mask the first line afier detecting transmission of the heartbeat word.

i The method of claim 8, wherein providing a slave identificr 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.

11 The method of claim 1, further comprising:
defining a data read period in which a previously identified slave device 18
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.

12, The method of claam 11, wherein the global read clock is 3 double data rate
clock,
13. A device, comprising:

a bus fncluding a first line and a second ling;

one or more slave devices coupled to the bus; and
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a master device coupled fo the bus and controlling data transmussions 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 mterrupt period associated with transmission of a heartbeat word by
the master device provides an opportuntty for the one or more slave devices to assert an

mterrupt request on 3 first Hne of the bus,

14. The device of claim 13, wherein the heartbeat word is one of a set of twenty-bit
words that have a most significant bit set to a first logic value, and wherein pavicad data
transmitted between the master device and the one or more slave devices comaprises

twenty-bit words that have the most significant bit set o a second logic level.

1S. The deviee of claim 13, wherein the one or more slave devices are configured to
assert an interrupt reguest by transmitting a response word on the first line and a second
fime 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.

16, The device of claim 13, wherein the master device ig configured to
monitor the first line for an interrupt request from a slave device during the

fnterrupt period.

17. The device of claim 13, wherein the master device is configured to:
perform a scan of the slave devices over the bus to wdeutify a first slave device

that asserted the intervupt request,

8. The device of claim 17, wherein the master device is configured to:
3 o

recetve an indicator over the first line from the first slave device.
19, The device of claim 13, wherein the sfave device is further configured to:
assert an interrupt request by pulling down the first line during the interrupt

period.

20 The device of elaim 13, wherein the slave device is further configured to:
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micrnally mask the first hne during the interrupt period for purposes of decoding

the transcoded data bits received over the bus.

21 A method operational on a slave device, comprising:

receiving data fransmissions 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
erbedded within symbol transifions of the data transmissions, and an intermupt period 18
defined within the symbols received over the bus; and

asserting an mterrupt request on a first line of the bus while receiving a heartbeat

word transmitied frorn the master device over the first line and a second kne of the bus.

22. The method of claim 21, wherein the mterrupt request is an indicator that the

slave device wishes to request some action by the master device.

23 The method of claim 21, wherein the interrupt request s asserted by pulling

down the first fine during the interrupt period.

24, The method of claim 21, further coraprising:
internally masking the first line, during the interrupt period, for purposcs of

decoding the ranscoded data bits received over the bus,

25. The method of claim 21, further comprising:

receiving a slave identificr scan request from the master device over a first line
and a second line of the bus; and

providing a unigue slave wdentifier over a first line of the bus within part ofa

slave identifier scan response period provided by the slave identifier scan request.

26, The method of claim 25, further comprising;

masking the first data line after detecting the heartbeat word.

:\1

The method of claim 25, further comprising:

N2

masking the fivst data line while transmitting a response after a global call has

been transmitted on the bus.
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28, The method of claim 21, further comprising:

sending data over a first Hine of the bus during a data read period, defined by the
master device, o which a previcusly identified slave device is allowed to fransmit 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.

29 A slave device, comprising:
a bus interface for couphing to a firtst line and a second ling;
a processing circutt coupled to the bus interface and adapted to
receive data transmussions over a bus from a masier device, where data bits
are transcoded into symbols for transmission across two hnes of the bus,
a clock signal is embedded within symbeol 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 Hine of the bus while receiving a
heartbeat transmission from the master device over the first linc and a

second line of the bus.

30,  The slave device of claim 29, wherein the processing circuif is further
configured to:
mnternally mask the first line, during the interrupt peried, for purposes of

decoding the transcoded data bits received over the bus.
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