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(57) Abstract: Generating combined bus clock signals using asynchronous master device reference clocks in shared bus systems,
and related methods, devices, and computer-readable media are disclosed. In one aspect, a method for generating combined bus
clock signals comprises detecting a start event by each master device of multiple master devices communicatively coupled to a
shared clock line of a shared bus. Each master device samples a plurality of shared clock line values of the shared clock line at a cor -
responding plurality of transitions of a reference clock signal for the master device. Each master device determines whether the plur -
ality of shared clock line values is identical. If the shared clock line values are identical, each master device drives a shared clock
line drive value inverse to the plurality of shared clock line values to the shared clock line at a next transition of the reference clock
signal for the master device.
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GENERATING COMBINED BUS CLOCK SIGNALS USING
ASYNCHRONOUS MASTER DEVICE REFERENCE CLOCKS IN SHARED
BUS SYSTEMS, AND RELATED METHODS, DEVICES, AND COMPUTER-

READABLE MEDIA
PRIORITY APPLICATION
[0001] The present application claims priority to U.S. Patent Application Serial
Number 14/316,026, filed June 26, 2014, entitled “GENERATING COMBINED BUS
CLOCK SIGNALS USING ASYNCHRONOUS MASTER DEVICE REFERENCE
CLOCKS IN SHARED BUS SYSTEMS, AND RELATED METHODS, DEVICES,
AND COMPUTER-READABLE MEDIA,” which is incorporated herein by reference

in its entirety.

BACKGROUND
I. Field of the Disclosure

[0002] The technology of the disclosure relates generally to bus systems shared

among multiple master devices.

II. Background

[0003] Modern computer processors make use of a variety of bus standards to
provide connectivity among master devices and between master devices and slave
devices. One type of bus standard provides a shared bus protocol, under which a bus
resource may serve more than one master device. Each master device may use its own
reference clock signal to synchronize internal communications and operations, with
each reference clock signal potentially being asynchronous in relation to others. As a
consequence of using asynchronous reference clock signals, synchronizing operations
involving more than one master device without a common clock signal external to the
master devices may pose challenges.

[0004] Bus arbitration for determining which master device may use a shared bus
for data transfer at a given time is one example in which synchronizing operations
among multiple master devices may be problematic. Some bus protocols provide that,
at any given time, one master device is known to be the bus master. The bus master

drives the bus data and clock lines until mastership is handed over to the next bus
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master. Under these protocols, arbitration to determine the bus master for a next data
transfer is carried out using a bus clock signal provided by the current bus master.

[0005] However, some bus protocols do not provide for an agreed upon clock owner
during arbitration. Such protocols may provide “clockless” arbitration based on the
reference clock signals of the master devices participating in arbitration. With clockless
arbitration, the master devices implement a time-based protocol for generating a clock
signal for arbitration, to be followed after a defined start event occurs. However,
clockless arbitration typically requires restrictions on the reference clock signals to
account for clock drifts and differences in clock phase and frequency. As a result,
clockless arbitration may be difficult to implement and manage, and reference clock

restrictions for clockless arbitration may hamper the design flexibility of chip designers.

SUMMARY OF THE DISCLOSURE

[0006] Aspects disclosed in the detailed description include generating combined

bus clock signals using asynchronous master device reference clocks in shared bus
systems. Related methods, devices, and computer-readable media are also disclosed. In
this regard, in one exemplary aspect, a method for generating a combined bus clock
signal for use by master devices coupled to a shared bus is provided. Each master
device detects a start event on the shared bus (such as a start of bus arbitration, as a non-
limiting example). The master devices then each sample a shared clock line value on a
shared clock line of the shared bus at regular intervals corresponding to transitions of a
reference clock signal for each master device. If a master device determines that the
sampled shared clock line values are identical for a predetermined number of samples,
the master device drives an inverse shared clock line drive value to the shared clock line
at a next transition of the master device’s reference clock. Over a period of time, the
interactions of the master devices with the shared clock line give rise to a combined bus
clock signal on the shared clock line that may then be used (e.g., during arbitration) by
the master devices to drive a shared data line of the shared bus. In addition to having
the benefit of allowing a relatively large variance among frequencies of the reference
clock signals of the master devices, the method disclosed herein has the added
advantage of enabling generation of a combined bus clock signal on higher-frequency

buses without causing clock collisions among the master devices.
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[0007] In another aspect, a method for generating combined bus clock signals is
provided. The method comprises detecting a start event by each master device of one or
more master devices communicatively coupled to a shared clock line of a shared bus.
The method further comprises sampling, by each master device, a plurality of shared
clock line values of the shared clock line at a corresponding plurality of transitions of a
reference clock signal for the master device. The method also comprises determining,
by each master device, whether the plurality of shared clock line values is identical.
The method additionally comprises, responsive to determining that the plurality of
shared clock line values is identical, driving, by each master device, a shared clock line
drive value inverse to the plurality of shared clock line values to the shared clock line at
a next transition of the reference clock signal for the master device.

[0008] In another aspect, a master device is provided. The master device comprises
a communications interface communicatively coupled to a shared bus comprising a
shared clock line, and a control system. 'The control system is configured to detect a
start event on the shared clock line. The control system is further configured to sample
a plurality of shared clock line values of the shared clock line at a corresponding
plurality of transitions of a reference clock signal for the master device. The control
system is also configured to determine whether the plurality of shared clock line values
is identical. The control system is additionally configured to, responsive to determining
that the plurality of shared clock line values is identical, driving a shared clock line
drive value inverse to the plurality of shared clock line values to the shared clock line at
a next transition of the reference clock signal for the master device.

[0009] In another aspect, a master device is provided. The master device comprises
a means for detecting a start event on a shared clock line of a shared bus. The master
device further comprises a means for sampling a plurality of shared clock line values of
the shared clock line at a corresponding plurality of transitions of a reference clock
signal for the master device. The master device also comprises a means for determining
whether the plurality of shared clock line values is identical. The master device
additionally comprises a means for, responsive to determining that the plurality of
shared clock line values is identical, driving a shared clock line drive value inverse to
the plurality of shared clock line values to the shared clock line at a next transition of

the reference clock signal for the master device.
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[0010] In another aspect, a non-transitory computer-readable medium having stored
thereon computer-executable instructions is provided. The computer-executable
instructions cause a processor to detect a start event on a shared clock line of a shared
bus. The computer-executable instructions further cause the processor to sample a
plurality of shared clock line values of the shared clock line at a corresponding plurality
of transitions of a reference clock signal. The computer-executable instructions also
cause the processor to determine whether the plurality of shared clock line values is
identical. The computer-executable instructions also cause the processor to, responsive
to determining that the plurality of shared clock line values is identical, drive a shared
clock line drive value inverse to the plurality of shared clock line values to the shared
clock line at a next transition of the reference clock signal.

[0011] In another aspect, a method for generating combined bus clock signals is
provided. The method comprises, at a first master device, detecting a start event at the
first master device communicatively coupled to a shared clock line of a shared bus. The
first master device samples a plurality of shared clock line values of the shared clock
line at a corresponding plurality of transitions of a reference clock signal for the first
master device. The method further comprises determining whether the plurality of
shared clock line values is identical. Responsive to determining that the plurality of
shared clock line values is identical, the first master device drives a shared clock line
drive value inverse to the plurality of shared clock line values to the shared clock line at
a next transition of the reference clock signal for the first master device. Concurrently,
at a second master device communicatively coupled to the shared clock line of the
shared bus, the start event is detected. The second master device samples a second
plurality of shared clock line values of the shared clock line at a corresponding second
plurality of transitions of the reference clock signal for the second master device, and
determines whether the second plurality of shared clock line values is identical.
Responsive to determining that the second plurality of shared clock line values is
identical, he second master device drives a second shared clock line drive value inverse
to the second plurality of shared clock line values to the shared clock line at the next
transition of the reference clock signal for the second master device. Collectively,
between actions of the first master device and the second master device, a combined

clock signal is created on the shared clock line.
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BRIEF DESCRIPTION OF THE FIGURES

[0012] Figure 1 is a simplified view of a computing device that may include master

devices accessing a shared bus;

[0013] Figure 2 is a perspective view of a mobile terminal that may include master
devices accessing a shared bus;

[0014] Figure 3 is a block diagram of components of the mobile terminal of Figure
2

[0015] Figure 4 is a block diagram illustrating a shared bus topology including
master devices accessing a shared bus implemented using bus holder circuits;

[0016] Figure 5 is a timing diagram illustrating a combined bus clock signal
generated by master devices such as the master devices of Figure 4;

[0017] Figure 6 is a diagram illustrating a clock signal on a shared clock line of the
shared bus of Figure 4 as the shared bus transitions through multiple states; and

[0018] Figure 7 is a flowchart illustrating an exemplary process for generating the

combined bus clock signal of Figure 5 by the master devices of Figure 4.

DETAILED DESCRIPTION

[0019] With reference now to the drawing figures, several exemplary aspects of the

present disclosure are described. The word “exemplary” is used herein to mean
“serving as an example, instance, or illustration.” Any aspect described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous over other
aspects.

[0020] Aspects disclosed in the detailed description include generating combined
bus clock signals using asynchronous master device reference clocks in shared bus
systems. Related methods, devices, and computer-readable media are also disclosed. In
this regard, in one exemplary aspect, a method for generating a combined bus clock
signal for use during arbitration by master devices coupled to a shared bus is provided.
Each master device detects a start event on the shared bus (such as a start of bus
arbitration, as a non-limiting example). The master devices then each sample a shared
clock line value on a shared clock line of the shared bus at regular intervals

corresponding to transitions of a reference clock signal for the master device. If a
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master device determines that the sampled shared clock line values are identical for a
predetermined number of samples, the master device drives an inverse shared clock line
drive value to the shared clock line at a next transition of the master device’s reference
clock. Over a period of time, the interactions of the master devices with the shared
clock line give rise to a combined bus clock signal on the shared clock line that may
then be used during arbitration by the master devices to drive a shared data line of the
shared bus. In addition to having the benefit of allowing a relatively large variance
among frequencies of the reference clock signals of the master devices, the method
disclosed herein has the added advantage of enabling generation of a combined bus
clock signal on higher-frequency buses without causing clock collisions among the
master devices.

[0021] Before discussing generation of combined bus clock signals using
asynchronous master device reference clocks, exemplary devices in which aspects of the
present disclosure may be implemented are first described with reference to Figures 1-3.
Figures 1 and 2 illustrate a computing device and a mobile terminal, respectively, while
Figure 3 illustrates components of Figure 2 in greater detail. Exemplary aspects of the
present disclosure are then discussed beginning at Figure 4 below.

[0022] While an exemplary aspect of the present disclosure contemplates use in a
mobile terminal, such as a cellular phone, the present disclosure is not so limited. In
this regard, Figure 1 illustrates a computing device 10 coupled to a network 12, which,
in an exemplary aspect, is the internet. The computing device 10 may include a housing
14 with a central processing unit (CPU) (not shown) therein. A user (not shown) may
interact with the computing device 10 through a user interface formed from input/output
elements, such as a monitor (sometimes referred to as a display) 16, a keyboard 18,
and/or a mouse 20. In some aspects, the monitor 16 may be incorporated into the
housing 14. While the keyboard 18 and the mouse 20 are illustrated, the monitor 16 in
some aspects may be a touchscreen display, which may supplement or replace the
keyboard 18 and/or the mouse 20. Other input/output devices may also be present as is
well understood in conjunction with desktop- or laptop-style computing devices.

[0023] In addition to the computing device 10, the exemplary aspects of the present
disclosure may also be implemented on mobile computing devices. In this regard, an

exemplary aspect of a mobile terminal 22 is illustrated in Figure 2. The mobile terminal
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22 may be a smart phone, such as a SAMSUNG GALAXY™ or APPLE iPHONE®.
Instead of a smart phone, the mobile terminal 22 may be a cellular telephone, a tablet, a
laptop, or other mobile computing device. The mobile terminal 22 may communicate
with a remote antenna 24 associated with a base station (BS) 26. The BS 26 may
communicate with a public land mobile network (PLMN) 28, a public switched
telephone network (PSTN) (not shown), or a network 12 (e.g., the internet). The PLMN
28 may communicate with the internet (e.g., the network 12) either directly or through
an intervening network. It should be appreciated that most contemporary mobile
terminals 22 allow for various types of communication with elements of the network 12.
As non-limiting examples, streaming audio, streaming video, and/or web browsing are
all common functions on most contemporary mobile terminals 22. Such functions are
enabled through applications stored in memory of the mobile terminal 22 and by using a
wireless transceiver of the mobile terminal 22.

[0024] A more detailed depiction of the components of the mobile terminal 22 of
Figure 2 is provided with reference to Figure 3. In this regard, a block diagram of some
of the elements of the mobile terminal 22 is illustrated. The mobile terminal 22 may
include a receiver path 30, a transmitter path 32, an antenna 34, a switch 36, a baseband
processor (BBP) 38, a control system 40, a frequency synthesizer 42, a user interface
44, and memory 46 with software 48 stored therein.

[0025] The receiver path 30 receives information-bearing radio frequency (RF)
signals from one or more remote transmitters provided by the BS 26 of Figure 2. A low
noise amplifier (not shown) amplifies the signal. A filter (not shown) minimizes
broadband interference in the received signal, while down-conversion and digitization
circuitry (not shown) down-converts the filtered, received signal to an intermediate or
baseband frequency signal, which is then digitized into one or more digital streams.
The receiver path 30 typically uses one or more mixing frequencies generated by the
frequency synthesizer 42. The BBP 38 processes the digitized received signal to extract
the information or data bits conveyed in the signal. As such, the BBP 38 is typically
implemented in one or more digital signal processors (DSPs).

[0026] With continued reference to Figure 3, on the transmit side, the BBP 38
receives digitized data representing voice, data, or control information, as non-limiting

examples, from the control system 40. The BBP 38 encodes the digitized data for
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transmission and outputs the encoded data to the transmitter path 32, where it is used by
a modulator (not shown) to modulate a carrier signal at a desired transmit frequency.
An RFF power amplifier (not shown) amplifies the modulated carrier signal to a level
appropriate for transmission, and delivers the amplified and modulated carrier signal to
the antenna 34 through the switch 36. Collectively, the receiver path 30, the transmitter
path 32, and the frequency synthesizer 42 may be considered to be a wireless modem
50.

[0027] With continued reference to Figure 3, a user may interact with the mobile
terminal 22 via the user interface 44, such as via a microphone, a speaker, a keypad,
and/or a display, as non-limiting examples. Audio information encoded in the received
signal is recovered by the BBP 38, and converted into an analog signal suitable for
driving the speaker. The keypad and display enable the user to interact with the mobile
terminal 22. For example, the keypad and display may enable the user to input numbers
to be dialed, access address book information, or the like, as well as monitor call
progress information. The memory 46 may have the software 48 therein as noted
above, which may effectuate exemplary aspects of the present disclosure. While not
illustrated, it is to be understood that a less mobile computing device 10 may have
similar elements, but instead of the wireless modem 50, the computing device 10 may
provide a network interface controller (NIC) having a wire-based interface to effectuate
communications.

[0028] One or more of the components illustrated in Figure 3 may comprise master
devices that are each connected to the same bus data and clock lines in a shared bus
topology. In this regard, Figure 4 is provided to illustrate the shared bus topology. In
Figure 4, a shared bus 52 includes a shared data line 54 and a shared clock line 56. In
this example, the shared data line 54 and the shared clock line 56 are implemented using
bus holder circuits 58 and 60, respectively, which operate to retain the value of the
shared data line 54 and the shared clock line 56 to their most recent valid value (0 or 1).
It should be appreciated that some aspects may provide other types of bus connections
in addition to or instead of the shared data line 54.

[0029] The shared bus topology of Figure 4 also includes a plurality of master
devices 62(0)-62(X). The master devices 62(0)-62(X) provide data driver systems

64(0)-64(X), respectively, for driving data to and receiving data from the shared data
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line 54 via respective data lines 66(0)-66(X). The master devices 62(0)-62(X) further
include clock driver systems 68(0)-68(X), respectively, for driving clock values to and
sampling clock values from the shared clock line 56 via respective data lines 70(0)-
70(X). Control systems 72(0)-72(X) direct operations of the respective data driver
systems 64(0)-64(X) and the clock driver systems 68(0)-68(X). The master devices
62(0)-62(X) receive reference clock signals 74(0)-74(X), respectively, which are used to
synchronize internal communications and operations of the master devices 62(0)-62(X).
The reference clock signals 74(0)-74(X) may be generated by the master devices 62(0)-
62(X), or may be based on an external clock source (not shown).

[0030] It is to be understood that the reference clock signals 74(0)-74(X) are
generally asynchronous and may have different frequencies. For this reason,
synchronizing operations involving more than one of the master devices 62(0)-62(X)
without a common clock signal external to the master devices 62(0)-62(X) may pose
challenges. As a non-limiting example, bus arbitration for determining which of the
master devices 62(0)-62(X) may use the shared bus 52 for data transfer at a given time
may be problematic. While “clockless” arbitration protocols may be used, they
typically require restrictions on the reference clock signals 74(0)-74(X) to account for
clock drifts and differences in clock phase and frequency. As a result, clockless
arbitration may be difficult to implement and manage.

[0031] In this regard, aspects of the present disclosure provide a protocol for
generating a combined bus clock signal on the shared clock line 56 using the reference
clock signals 74(0)-74(X) of the master devices 62(0)-62(X). The combined bus clock
signal is generated by the master devices 62(0)-62(X) after an initial start event is
detected (e.g., a start of bus arbitration). FEach of the master devices 62(0)-62(X)
samples a shared clock line value on the shared clock line 56, and drives an inverse
value if the sampled shared clock line values are identical for more than a
predetermined number of samples. For example, if the master device 62(0) samples a
value of one (1) from the shared clock line 56 for a predetermined number of samples,
the master device 62(0) will drive a value of zero (0) to the shared clock line 56. In
some aspects, the predetermined number of samples is two (2), although three (3) or
more may be used. The inverse value driven to the shared clock line 56 may then be

used as the next sampled shared clock line value. In this manner, a combined bus clock
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signal emerges on the shared clock line 56 that is sufficient to be used to synchronize
the master devices 62(0)-62(X) during operations such as bus arbitration.

[0032] The shared clock line values are sampled at uniform points in time based on
transitions of the reference clock signals 74(0)-74(X) of the respective master devices
62(0)-62(X). For example, the shared clock line values may be sampled at a rising edge
of each of the reference clock signals 74(0)-74(X), or at a falling edge of each of the
reference clock signals 74(0)-74(X). 'The inverse value is then driven to the shared
clock line 56 at the next transition.

[0033] To avoid electrical contention over the shared clock line 56, some aspects
may require the frequencies of the reference clock signals 74(0)-74(X) to be restricted
such that the slowest frequency is within a predefined ratio of the fastest frequency. For
example, in aspects where two (2) samples are compared, the ratio of the fastest
frequency to the slowest frequency may be 4:3 (calculated based on a duty cycle of 50%
for each of the reference clock signals 74(0)-74(X)). In such aspects, the frequency of
the generated combined bus clock signal is approximately one-fourth of the fastest
frequency.

[0034] Some aspects may increase the range of supported frequencies by comparing
three (3) samples when determining when to drive an inverse value to the shared clock
line 56. When utilizing three samples, the ratio of the fastest frequency to the slowest
frequency may increase to 3:2 or more. While such three-sample aspects provide an
increase in contention margin over two-sample aspects, the frequency of the generated
combined bus clock signal may be correspondingly lower, at approximately one-sixth of
the fastest frequency.

[0035] In some aspects, the range of supported frequencies may be increased by
shortening the drive time of clock pulses from the clock driver systems 68 of the master
devices 62 of Figure 4. For example, the clock driver systems 68 may employ an
uneven clock shape signal (e.g., using a duty cycle of less than 50% for the “high”
state). In aspects where two (2) samples are compared, the use of shorter drive pulses
may enable the ratio of the fastest frequency to the slowest frequency to be increased
relative to the 4:3 ratio discussed above, while still providing the generated combined
bus clock signal of approximately one-fourth of the fastest frequency. According to

some aspects employing uneven clock shape signals, the sampling of shared clock line

10
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values and the driving of shared clock line drive values may occur at successive
transitions (i.e., a rising edge and a subsequent falling edge) of the reference clock
signals 74(0)-74(X), as long as the time period between each sample and drive is
uniform. Some aspects may provide that the clock driver systems 68 may use a
dedicated input/output PHY device to turn off a drive signal based on feedback from the
shared clock line 56.

[0036] As described above, the driving of values to the shared clock line 56 of
Figure 4 according to exemplary aspects of the present disclosure results in emergence
of a combined bus clock signal on the shared clock line 56. To illustrate this
emergence, Figure 5 is provided. Figure 5 is a timing diagram showing three (3)
reference clock signals 76, 78, and 80, which may correspond to the reference clock
signals 74(1)-74(3) of the respective master devices 62(1)-62(3) of Figure 4 (while only
master devices 62(1) and 62(X) are shown, it should be appreciated that if X=3, that
there are three (3) master devices 62(1)-62(3) with three (3) corresponding reference
clock signals 74(1)-74(3)). In this example, the reference clock signals 76, 78, and 80
have duty cycles of 50%, with frequencies of 10, 12, and 14, respectively. The
reference clock signals 76, 78, and 80 are used to generate a combined bus clock signal
82 on the shared clock line 56 of Figure 4. The letters A-L. above the combined bus
clock signal 82 in Figure 5 indicate points in time at which sampling and/or driving
occurs. In this example, the driving of values to the shared clock line 56 is based on
two (2) samples, and sampling and driving of values takes place when the reference
clock signals 76, 78, and 80 each transition to one (1).

[0037] With continuing reference to Figure 5, generating the combined bus clock
signal 82 begins when a start event 84 is detected on the shared clock line 56 of Figure
4. In some aspects, the start event 84 may comprise a zero (0) value being present on
the shared clock line 56 for a predetermined time interval. It is to be assumed that two
previous samples (not shown) of value O have been taken for each of the reference clock
signals 76, 78, and 80. The start event 84 may represent, as a non-limiting example, a
start of bus arbitration.

[0038] The reference clock signal 80 goes to 1 first at time point A. Because two
previous samples (not shown) of value O have been taken for the reference clock signal

80 prior to the start event 84, a shared clock line drive value 86(0) inverse to the

11
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previous samples (i.e., 1) is driven to the shared clock line 56. The combined bus clock
signal 82 thus goes to 1. At the same time, a shared clock line value 88(0) of 1 is
sampled for the reference clock signal 80.

[0039] At time point B, the reference clock signal 76 transitions to 1. As with
reference clock signal 80, two previous samples (not shown) of value O have been taken
for the reference clock signal 76 prior to the start event 84. Accordingly, a shared clock
line drive value 90(0) of 1 is driven to the shared clock line 56. However, the combined
bus clock signal 82, having already been driven to 1, remains unchanged. A shared
clock line value 92(0) of 1 is sampled for the reference clock signal 76.

[0040] Still referring to Figure 5, the reference clock signal 78 transitions to 1 at
time point C. A shared clock line drive value 94(0) of 1 is driven to the shared clock
line 56, based on the two previous samples of value O taken for the reference clock
signal 78 prior to the start event 84. As before, the combined bus clock signal 82,
having already been driven to 1 at point A, remains unchanged.

[0041] At time point D, the reference clock signal 76 again transitions to 1. A
shared clock line value 92(1) is sampled, and compared to the previously sampled
shared clock line value 92(0). Because both the shared clock line value 92(0) and the
shared clock line value 92(1) are 1, an inverse value of O will be driven at the next rising
edge for the reference clock signal 76.

[0042] Similarly, at time point E, the reference clock signal 80 transitions to 1,
causing a shared clock line value 88(1) to be sampled and compared to the previously
sampled shared clock value 83(0). Both the shared clock line value 88(0) and the
shared clock line value 88(1) are 1, so an inverse value of O will be driven at the next
rising edge for the reference clock signal 80.

[0043] The reference clock signal 78 transitions to 1 at time point I, causing a
shared clock line value 96(1) to be sampled and compared to the previously sampled
shared clock line value 96(0). Both the shared clock line value 96(0) and the shared
clock line value 96(1) are 1. As a result, an inverse value of O will be driven at the next
rising edge for the reference clock signal 78.

[0044] With continued reference to Figure 5, at time point G, the reference clock
signal 76 transitions to 1. Because the two previously sampled shared clock line values

92(0) and 92(1) had a value of 1, a shared clock line drive value 90(1) of 0 is driven to
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the shared clock line 56. The combined bus clock signal 82 thus goes to 0. At the same
time, a shared clock line value 92(2) of 0 is sampled for the reference clock signal 76.
[0045] The reference clock signal 80 transitions to 1 at time point H. Two shared
clock line values 96(0) and 96(1) of value 1 have been previously sampled for the
reference clock signal 80. Accordingly, a shared clock line drive value 86(1) of O is
driven to the shared clock line 56. However, the combined bus clock signal 82, having
already been driven to 0, remains unchanged. A shared clock line value 88(2) of 0 is
sampled for the reference clock signal 80.

[0046] At time point I, the reference clock signal 78 transitions to 1. A shared clock
line drive value 94(1) of O is driven to the shared clock line 56, based on the two shared
clock line values 96(0) and 96(1) previously sampled. As before, the combined bus
clock signal 82, having already been driven to O at point G, remains unchanged.

[0047] The reference clock signal 76 again transitions to 1 at time point J. A shared
clock line value 92(3) is sampled, and compared to the previously sampled shared clock
line value 92(2). Because both the shared clock line value 92(2) and the shared clock
line value 92(3) are 0, an inverse value of 1 will be driven at the next rising edge for the
reference clock signal 76.

[0048] Still referring to Figure 5, the reference clock signal 76 transitions to 1 at
time point K. The two previously sampled shared clock line values 92(2) and 92(3) had
a value of 0, and therefore a shared clock line drive value 90(2) of 1 is driven to the
shared clock line 56. The combined bus clock signal 82 thus goes to 1. At the same
time, a shared clock line value 92(4) of 0 is sampled for the reference clock signal 76.
[0049] At time point L, both the reference clock signal 78 and the reference clock
signal 80 transition to 1. A shared clock line value 96(3) is sampled, and compared to
the previously sampled shared clock line value 96(2). Because the shared clock line
value 96(2) and the shared clock line value 92(3) are different, no action will be taken at
the next transition for the reference clock signal 78. Likewise, a shared clock line value
88(3) is sampled for the reference clock signal 80 and compared to the previously
sampled shared clock line value 88(2). The shared clock line values 88(2) and 88(3) are
different, and thus no action will be taken at the next transition for the reference clock

signal 80. The process continues, resulting in the combined bus clock signal 82 having
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sufficiently minimal low/high periods to enable the combined bus clock signal 82 to
serve as, e.g., a clock signal during arbitration.

[0050] As discussed above, a combined bus clock signal generated according to
aspects disclosed herein may be used for operations such as bus arbitration. In this
regard, Figure 6 is provided to illustrate how the combined bus clock signal 82 of Figure
6 on the shared clock line 56 of the shared bus 52 of Figure 4 may be used as the shared
bus 52 transitions through multiple states. In Figure 6, a bus state 98 represents a
current activity of the shared bus 52, while a shared clock line signal 100 shows a
current waveform propagating on the shared clock line 56. As a last transfer 102 of data
completes, the shared clock line signal 100 reflects a reference clock signal 104 used by
a previous master device 62 of Figure 4. The bus state 98 then enters an idle period 106
during which both the shared data line 54 and the shared clock line 56 of the shared bus
52 are held at 0.

[0051] Upon one or more master devices 62 seeking access to the shared bus 52, an
arbitration start event 108 occurs. The master devices 62 follow the protocol described
in detail above to generate a combined bus clock signal 110. The combined bus clock
signal 110 is then used by the master devices 62 throughout arbitration 112. Once a
winning master device 62 is determined, data transmission 114 takes place using the
reference clock signal 104 of the winning master device 62.

[0052] To illustrate an exemplary process for generating the combined bus clock
signal 82 of Figure 5 by the master devices 62 of Figure 4, Figure 7 is provided. For the
sake of clarity, elements of Figures 4 and 5 are referenced in describing Figure 7. In
Figure 7, operations begin with detection of a start event 84 by each master device 62 of
one or more master devices 62(0)-62(X) communicatively coupled to a shared clock
line 56 of a shared bus 52 (block 116). The start event 84 may be, as a non-limiting
example, a start of bus arbitration. Each master device 62 then samples a plurality of
shared clock line values 92 of the shared clock line 56 at a corresponding plurality of
transitions of a reference clock signal 76 for the master device 62 (block 118).
According to some aspects disclosed herein, each transition of the plurality of
transitions of the reference clock signal 76 may comprise a rising edge of the reference
clock signal 76, or each transition may comprise a falling edge of the reference clock

signal 76.
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[0053] Each master device 62 determines whether the shared clock line values 92
are identical (block 120). Some aspects may provide that the plurality of shared clock
line values 92 comprises two (2) sampled values, while some aspects may provide that
the plurality of shared clock line values 92 comprises three (3) sampled values. If the
plurality of shared clock line values 92 are determined to not be identical at block 120,
processing resumes at block 118. If each master device 62 determines at block 120 that
the plurality of shared clock line values 92 is identical, a shared clock line drive value
90 inverse to the plurality of shared clock line values 92 is driven at a next transition of
the reference clock signal 76 for the master device 62 (block 122). In some aspects,
each master device 62 may sample the shared clock line drive value 90 as a shared clock
line value 92 of the shared clock line 56 (block 124). In this manner, the shared clock
line drive value 90 may be used to override the shared clock line value 92 sampled at
the same point that the shared clock line drive value 90 is driven to the shared clock line
56.

[0054] Generating combined bus clock signals using asynchronous master device
reference clocks in shared bus systems according to aspects disclosed herein may be
provided in or integrated into any processor-based device. Examples, without
limitation, include a set top box, an entertainment unit, a navigation device, a
communications device, a fixed location data unit, a mobile location data unit, a mobile
phone, a cellular phone, a computer, a portable computer, a desktop computer, a
personal digital assistant (PDA), a monitor, a computer monitor, a television, a tuner, a
radio, a satellite radio, a music player, a digital music player, a portable music player, a
digital video player, a video player, a digital video disc (DVD) player, and a portable
digital video player.

[0055] Those of skill in the art will further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithms described in connection with the
aspects disclosed herein may be implemented as electronic hardware, instructions stored
in memory or in another computer-readable medium and executed by a processor or
other processing device, or combinations of both. The master devices described herein
may be employed in any circuit, hardware component, integrated circuit (IC), or IC
chip, as examples. Memory disclosed herein may be any type and size of memory and

may be configured to store any type of information desired. To clearly illustrate this
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interchangeability, various illustrative components, blocks, modules, circuits, and steps
have been described above generally in terms of their functionality. How such
functionality is implemented depends upon the particular application, design choices,
and/or design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from
the scope of the present disclosure.

[0056] The various illustrative logical blocks, modules, and circuits described in
connection with the aspects disclosed herein may be implemented or performed with a
processor, a Digital Signal Processor (DSP), an Application Specific Integrated Circuit
(ASIC), a Field Programmable Gate Array (FPGA) or other programmable system
device, discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A processor
may be a microprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g2., a combination of a DSP and
a microprocessor, a plurality of microprocessors, one Or more microprocessors in
conjunction with a DSP core, or any other such configuration.

[0057] The aspects disclosed herein may be embodied in hardware and in
instructions that are stored in hardware, and may reside, for example, in Random Access
Memory (RAM), flash memory, Read Only Memory (ROM), Electrically
Programmable ROM (EPROM), Electrically Erasable Programmable ROM
(EEPROM), registers, a hard disk, a removable disk, a CD-ROM, or any other form of
computer readable medium known in the art. An exemplary storage medium is coupled
to the processor such that the processor can read information from, and write
information to, the storage medium. In the alternative, the storage medium may be
integral to the processor. The processor and the storage medium may reside in an ASIC.
The ASIC may reside in a remote station. In the alternative, the processor and the
storage medium may reside as discrete components in a remote station, base station, or
server.

[0058] It is also noted that the operational steps described in any of the exemplary

aspects herein are described to provide examples and discussion. The operations
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described may be performed in numerous different sequences other than the illustrated
sequences. Furthermore, operations described in a single operational step may actually
be performed in a number of different steps. Additionally, one or more operational
steps discussed in the exemplary aspects may be combined. It is to be understood that
the operational steps illustrated in the flow chart diagrams may be subject to numerous
different modifications as will be readily apparent to one of skill in the art. Those of
skill in the art will also understand that information and signals may be represented
using any of a variety of different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols, and chips that may be
referenced throughout the above description may be represented by voltages, currents,
electromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof.

[0059] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of
the disclosure. Thus, the disclosure is not intended to be limited to the examples and
designs described herein, but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.
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‘What is claimed is:

2.

A method for generating combined bus clock signals, comprising:

detecting a start event by each master device of one or more master devices
communicatively coupled to a shared clock line of a shared bus;

sampling, by each master device, a plurality of shared clock line values of the
shared clock line at a corresponding plurality of transitions of a reference
clock signal for the master device;

determining, by each master device, whether the plurality of shared clock line
values is identical; and

responsive to determining that the plurality of shared clock line values is
identical, driving, by each master device, a shared clock line drive value
inverse to the plurality of shared clock line values to the shared clock line

at a next transition of the reference clock signal for the master device.

The method of claim 1, further comprising sampling the shared clock line drive

value as a next shared clock line value of the shared clock line.

3.

The method of claim 1, wherein:

a ratio of a fastest reference clock signal and a slowest reference clock signal
among reference clock signals for the one or more master devices is less
than 4:3; and

determining whether the plurality of shared clock line values is identical
comprises determining whether two most recent shared clock line values

are identical.

The method of claim 1, wherein:

a ratio of a fastest reference clock signal and a slowest reference clock signal
among reference clock signals for the one or more master devices is
greater than or equal to 3:2; and

determining whether the plurality of shared clock line values is identical
comprises determining whether three most recent shared clock line

values are identical.

18



WO 2015/200610 PCT/US2015/037654

5. The method of claim 1, wherein detecting the start event comprises detecting a
start of bus arbitration among the one or more master devices for access to the shared

bus.

6. The method of claim 1, wherein each transition of the plurality of transitions of

the reference clock signal comprises a rising edge of the reference clock signal.

7. The method of claim 1, wherein each transition of the plurality of transitions of

the reference clock signal comprises a falling edge of the reference clock signal.

8. A master device, comprising:
a communications interface communicatively coupled to a shared bus
comprising a shared clock line; and
a control system configured to:
detect a start event on the shared clock line;
sample a plurality of shared clock line values of the shared clock line at a
corresponding plurality of transitions of a reference clock signal
for the master device;
determine whether the plurality of shared clock line values is identical;
and
responsive to determining that the plurality of shared clock line values is
identical, driving a shared clock line drive value inverse to the
plurality of shared clock line values to the shared clock line at a

next transition of the reference clock signal for the master device.

0. The master device of claim 8, further configured to sample the shared clock line

drive value as a next shared clock line value of the shared clock line.

10. The master device of claim 8, configured to determine whether the plurality of
shared clock line values is identical by determining whether two most recent shared

clock line values are identical.
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11. The master device of claim 8, configured to determine whether the plurality of
shared clock line values is identical by determining whether three most recent shared

clock line values are identical.

12. The master device of claim 8, configured to detect the start event by detecting a

start of bus arbitration among one or more master devices for access to the shared bus.

13. The master device of claim 8, configured to sample the plurality of shared clock
line values of the shared clock line at the corresponding plurality of transitions of the
reference clock signal for the master device by sampling the plurality of shared clock

line values at a corresponding plurality of rising edges of the reference clock signal.

14. The master device of claim 8, configured to sample the plurality of shared clock
line values of the shared clock line at the corresponding plurality of transitions of the
reference clock signal for the master device by sampling the plurality of shared clock

line values at a corresponding plurality of falling edges of the reference clock signal.

15. The master device of claim 8 integrated into an integrated circuit (IC).

16.  The master device of claim 8 integrated into a device selected from the group
consisting of a set top box, an entertainment unit, a navigation device, a
communications device, a fixed location data unit, a mobile location data unit, a mobile
phone, a cellular phone, a computer, a portable computer, a desktop computer, a
personal digital assistant (PDA), a monitor, a computer monitor, a television, a tuner, a
radio, a satellite radio, a music player, a digital music player, a portable music player, a
digital video player, a video player, a digital video disc (DVD) player, and a portable
digital video player.

17. A master device, comprising:
a means for detecting a start event on a shared clock line of a shared bus;
a means for sampling a plurality of shared clock line values of the shared clock
line at a corresponding plurality of transitions of a reference clock signal

for the master device;
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a means for determining whether the plurality of shared clock line values is
identical; and

a means for, responsive to determining that the plurality of shared clock line
values is identical, driving a shared clock line drive value inverse to the
plurality of shared clock line values to the shared clock line at a next

transition of the reference clock signal for the master device.

18. A non-transitory computer-readable medium having stored thereon computer-
executable instructions to cause a processor to:
detect a start event on a shared clock line of a shared bus;
sample a plurality of shared clock line values of the shared clock line at a
corresponding plurality of transitions of a reference clock signal;
determine whether the plurality of shared clock line values is identical; and
responsive to determining that the plurality of shared clock line values is
identical, drive a shared clock line drive value inverse to the plurality of
shared clock line values to the shared clock line at a next transition of the

reference clock signal.

19. The non-transitory computer-readable medium of claim 18 having stored thereon
computer-executable instructions to further cause the processor to sample the shared

clock line drive value as a next shared clock line value of the shared clock line.

20. The non-transitory computer-readable medium of claim 18 having stored thereon
computer-executable instructions to cause the processor to determine whether the
plurality of shared clock line values is identical by determining whether two most recent

shared clock line values are identical.

21. The non-transitory computer-readable medium of claim 18 having stored thereon
computer-executable instructions to cause the processor to determine whether the
plurality of shared clock line values is identical by determining whether three most

recent shared clock line values are identical.
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22. The non-transitory computer-readable medium of claim 18 having stored thereon
computer-executable instructions to cause the processor to detect the start event by
detecting a start of bus arbitration among one or more master devices for access to the

shared bus.

23. The non-transitory computer-readable medium of claim 18 having stored thereon
computer-executable instructions to cause the processor to sample the plurality of
shared clock line values of the shared clock line at the corresponding plurality of
transitions of the reference clock signal for a master device by sampling the plurality of
shared clock line values at a corresponding plurality of rising edges of the reference

clock signal.

24, The non-transitory computer-readable medium of claim 18 having stored thereon
computer-executable instructions to cause the processor to sample the plurality of
shared clock line values of the shared clock line at the corresponding plurality of
transitions of the reference clock signal for a master device by sampling the plurality of
shared clock line values at a corresponding plurality of falling edges of the reference

clock signal.

25. A method for generating combined bus clock signals, the method comprising:
at a first master device:

detecting a start event at the first master device communicatively coupled
to a shared clock line of a shared bus;

sampling, by the first master device, a plurality of shared clock line
values of the shared clock line at a corresponding plurality of
transitions of a reference clock signal for the first master device;

determining whether the plurality of shared clock line values is identical;

and

responsive to determining that the plurality of shared clock line values is
identical, driving, by the first master device, a shared clock line

drive value inverse to the plurality of shared clock line values to
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the shared clock line at a next transition of the reference clock
signal for the first master device; and
concurrently at a second master device:

detecting the start event at the second master device communicatively
coupled to the shared clock line of the shared bus;

sampling, by the second master device, a second plurality of shared clock
line values of the shared clock line at a corresponding second
plurality of transitions of the reference clock signal for the second
master device;

determining whether the second plurality of shared clock line values is
identical; and

responsive to determining that the second plurality of shared clock line
values is identical, driving, by the second master device, a second
shared clock line drive value inverse to the second plurality of
shared clock line values to the shared clock line at the next
transition of the reference clock signal for the second master
device such that, collectively between actions of the first master
device and the second master device, a combined clock signal is

created on the shared clock line.
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