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AUTO-MUTE AUDIO PROCESSING

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] This application claims the benefit of priority of U.S. Provisional Patent
Application No. 62/452,012 to Shafagh Kamkar filed January 30, 2017 and entitled “PCM and

DOP Auto-Mute / Auto-switch Circuit,” which is incorporated by reference herein.
FIELD OF THE DISCLOSURE

[0002] The instant disclosure relates to audio signal processing.  More
specifically, portions of this disclosure relate to processing of multi-bit and single-bit audio

signals.
BACKGROUND

[0003] Many formats exist for digitally encoding analog audio signals. For
example, analog audio signals can be digitally encoded in a multi-bit format, such as digital
pulse-code modulation (PCM). Alternatively, analog audio signals may be digitally encoded in a
single-bit format, such as direct stream digital (DSD). A DSD signal may be organized in a
PCM frame in a DSD over PCM (DOP) format. Thus, PCM signals and DoP signals may share
a similar data structure 100, as illustrated in FIGURE 1. For example, audio signals may be
encoded and transmitted in a 24-bit PCM frame 102. Similarly, audio signals may be encoded as
DoP data and transmitted in the same frame structure 102. In order to distinguish between DoP

data and PCM data, each DoP frame may be headed by an 8-bit DSD marker 104, followed by
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16 bits of DSD audio data 106. Multiple channels of audio data, such as a left channel and a

right channel, may be encoded and transmitted using DoP.

[0004] Processing audio-signals encoded in one format with audio processing
circuitry for processing of audio signals encoded in another format can cause reproduction of
undesirable noise. For example, if multi-bit signals are processed using single-bit audio signal
processing circuitry, undesirable noise is reproduced and heard by a user. Likewise, if single-bit
audio signals are processed using multi-bit audio signal processing circuitry undesirable noise is
reproduced and heard by a user. When the DSD marker 104 of FIGURE 1 is processed using
circuitry for processing PCM audio signals, undesirable noise is reproduced and heard by a user.
Furthermore, switching between processing audio signals of different formats, such as PCM
audio signals and DoP audio signals, can create transient artifacts, inducing reproduction of

undesirable noise.

[0005] Shortcomings mentioned here are only representative and are included
simply to highlight that a need exists for improved electrical components, particularly for audio
signal processing employed in consumer-level devices, such as mobile phones. Embodiments
described herein address certain shortcomings but not necessarily each and every one described
here or known in the art. Furthermore, embodiments described herein may present other benefits

than, and be used in other applications than, those of the shortcomings described above.

SUMMARY

[0006] An audio data stream may be received by an audio decoding circuit with
separate audio processing paths for processing multi-bit and single-bit audio signals having a
shared input node, decoded using an appropriate audio processing path, and output from the
audio decoding circuit at a shared output node. The audio data stream may include different
types of audio signals, such as multi-bit audio signals and single-bit audio signals, at different

times. To correctly decode the audio data stream, an audio decoding circuit may detect a type of
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an audio signal received in the audio data stream and activate an audio processing path for that
type of audio signal. The audio-processing circuit may then monitor the audio signal for changes
in the type of audio signal. If the audio signal type changes, the audio-processing circuit may
deactivate the currently activated audio processing path and activate the audio processing path
corresponding to the detected type of the audio signal. After identifying an appropriate audio
processing path, the incorrect audio processing path may be muted to prevent reproduction of
noise caused by the incorrect decoding of the audio data stream. In some embodiments, a circuit
may transition from a state wherein a first path is muted and a second path is unmuted, to a state
wherein both first and second paths are muted, and then to a state wherein the first path is
unmuted and the second path is muted. This transition from states may occur based on detection

of a change from multi-bit to single-bit audio signals in the audio data stream, or vice versa.

[0007] An audio processing circuit may decode an audio data stream that is a
multi-bit audio signal using a multi-bit audio processing path coupled to an input node shared
with a single-bit audio processing path. The audio processing circuit may detect when the audio
stream switches from the multi-bit audio signal to a single-bit audio signal. For example, the
audio processing circuit may simultaneously decode the audio data stream in the single-bit audio
processing path while processing the audio data stream in the multi-bit audio processing path.
The audio processing circuit may analyze the multi-bit audio signal to detect a marker byte, or a
series of marker bytes, in a predetermined number of frames, indicating that the audio data

stream is a single-bit audio signal instead of a multi-bit audio signal.

[0008] When such a switch is detected, the audio processing circuit may mute the
multi-bit audio processing path. The audio processing circuit may immediately mute the multi-
bit audio processing path upon detection of a transition to a single-bit audio signal, for example
upon detection of a marker byte, or series of marker bytes, indicating that the audio data stream
is a single-bit audio signal, or it may gradually lower the volume of the multi-bit audio

processing path until it is muted, following detection of such a transition. The output of the
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multi-bit audio processing path of the audio processing circuit may be amplified during
switching from the multi-bit audio processing path to the single-bit audio processing path for
driving a transducer to reproduce audio of the decoded audio stream. After muting the multi-bit
audio processing path, and prior to decoding the audio data stream using the single-bit audio
processing path, both the single-bit and the multi-bit audio processing path may be muted during
a transition from outputting a processed audio signal of the multi-bit audio processing path to
outputting a processed audio signal of the single-bit processing path. After muting the multi-bit
audio processing path, the audio processing circuit may proceed to decode the audio data stream
using the single-bit audio processing path. In some embodiments, the audio processing circuit
may contain a single configurable audio processing path that may be configured to operate as a

single-bit audio processing path or a multi-bit audio processing path.

[0009] An audio processing circuit may decode an audio data stream as a single-
bit audio signal using a single-bit audio processing path coupled to an input node shared with a
multi-bit audio processing path. The audio processing circuit may detect when the audio data
stream switches from the single-bit audio signal to a multi-bit audio signal. For example, the
audio processing circuit may analyze the multi-bit audio signal to detect a missing marker byte
indicating that the audio data stream is a multi-bit audio signal instead of a single-bit audio
signal. The audio processing circuit may immediately mute the signal upon detection of a
transition to a multi-bit audio signal, for example upon detection of a missing marker byte
indicating that the audio data stream is a multi-bit audio signal, or it may gradually lower the

volume following detection of such a transition.

[0010] When such a switch is detected, the audio processing circuit may mute the
single-bit audio processing path. The audio processing circuit may immediately mute the single-
bit audio processing path upon detection of a transition to a multi-bit audio signal, for example
upon detection of a missing marker byte, or it may gradually lower the volume of the single-bit

processing path until it is muted, following detection of such a transition. The output of the
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single-bit audio processing path of the audio processing circuit may be amplified during
switching from the single-bit audio processing path to the multi-bit audio processing path for
driving a transducer to reproduce audio of the decoded audio stream. After muting the single-bit
audio processing path, and prior to decoding the audio data stream using the multi-bit audio
processing path, both the single-bit and the multi-bit audio processing path may be muted, during
a transition from outputting a processed audio signal of the single-bit audio processing path to
outputting a processed audio signal of the multi-bit audio processing path. After muting the
single-bit audio processing path, the audio processing circuit may proceed to decode the audio

data stream using the multi-bit audio processing path.

[0011] An audio processing circuit for performing the steps disclosed herein may
include a multi-bit audio processing path and a single-bit audio processing path. Alternatively or
additionally, the audio processing circuit may include a single audio processing path that is
configurable to operate as either a single-bit audio processing path or a multi-bit audio
processing path. An audio controller, contained within an audio processing circuit or

individually, may be configured to perform the steps described herein.

[0012] The audio processing circuit described herein may be used, in conjunction
with a digital-to-analog converter (DAC), in electronic devices with audio outputs, such as music
players, CD players, DVD players, Blu-ray players, headphones, portable speakers, headsets,
mobile phones, tablet computers, personal computers, set-top boxes, digital video recorder
(DVR) boxes, home theatre receivers, infotainment systems, automobile audio systems, and the
like. Such an audio processing circuit may allow devices to process multiple different formats of
digitally encoded audio signals while reducing the amount of error exhibited in audio produced

from such devices.

[0013] The foregoing has outlined rather broadly certain features and technical

advantages of embodiments of the present invention in order that the detailed description that
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follows may be better understood. Additional features and advantages will be described
hereinafter that form the subject of the claims of the invention. It should be appreciated by those
having ordinary skill in the art that the conception and specific embodiment disclosed may be
readily utilized as a basis for modifying or designing other structures for carrying out the same or
similar purposes. It should also be realized by those having ordinary skill in the art that such
equivalent constructions do not depart from the spirit and scope of the invention as set forth in
the appended claims. Additional features will be better understood from the following
description when considered in connection with the accompanying figures. It is to be expressly
understood, however, that each of the figures is provided for the purpose of illustration and

description only and is not intended to limit the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] For a more complete understanding of the disclosed system and methods,
reference is now made to the following descriptions taken in conjunction with the accompanying

drawings.

[0015] FIGURE 1 is an illustration of an example frame structure for a frame of a

multi-bit or single-bit digital audio signal according to the prior art.

[0016] FIGURE 2 is an example graph of a frequency response of a single-bit

signal processed using a multi-bit signal processing path.

[0017] FIGURE 3 is an example schematic block diagram illustrating an auto-

mute audio processing path selection circuit according to some embodiments of the disclosure.

[0018] FIGURE 4 is an example flow chart illustrating a method for muting a
multi-bit audio processing path upon detection of a single-bit audio signal according to some

embodiments of the disclosure.
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[0019] FIGURE 5 is an example flow chart illustrating a method for muting a
single-bit audio processing path upon detection of a multi-bit audio signal according to some

embodiments of the disclosure.

[0020] FIGURE 6 is another example schematic block diagram illustrating an

auto-mute audio path selection circuit according to some embodiments of the disclosure.

[0021] FIGURE 7 is another example schematic block diagram illustrating an

auto-mute audio path selection circuit according to some embodiments of the disclosure.

[0022] FIGURE 8 is an example flow chart illustrating a method for muting a
multi-bit audio processing path, selecting a single-bit audio processing path, and unmuting the
single-bit audio processing path upon detection of a single-bit audio signal according to some

embodiments of the disclosure.

[0023] FIGURE 9 is an illustration showing an example personal media device
for audio playback including an auto-mute audio path selection circuit according to some

embodiments of the disclosure.
DETAILED DESCRIPTION

[0024] Processing multi-bit digital audio signals and single-bit digital audio
signals may require different signal processing methods and equipment. When multi-bit audio
signals are processed as single-bit audio signals or single-bit audio signals are processed as
multi-bit audio signals, undesirable noise is reproduced and heard by a user. An audio
processing circuit may include parallel processing paths for processing single-bit audio signals
and multi-bit audio signals received from a shared input node and output to a shared output node.
For example, when a received audio data stream is determined to be a multi-bit audio signal by

the audio processing circuit, a single-bit audio processing path may be muted, and a multi-bit
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audio processing path may be unmuted, to allow the processed audio signal to be output from the
multi-bit audio-processing path and but not from the single-bit audio processing path. Likewise,
when an audio data stream is determined to be a single-bit audio signal by the audio processing
circuit, a multi-bit audio processing path may be muted and a single-bit audio processing path
may be unmuted to allow the processed audio signal to be output from the single-bit audio
processing path but not from the multi-bit audio processing path. Alternatively or additionally,
upon a determination that an audio data stream is a single-bit audio signal, an output of a single-
bit audio processing path may be selected for output from the audio processing circuit, and upon
determination that an audio data stream is a multi-bit audio signal, an output of a multi-bit audio

processing path may be selected for output from the audio processing circuit.

[0025] When a single-bit audio signal is erroneously processed as a multi-bit
audio signal or a multi-bit audio signal is erroneously processed as a single-bit audio signal,
noise is reproduced and negatively impacts the user. FIGURE 2 is a graph 200 of a frequency
response 202 of a single-bit audio signal processed using a multi-bit audio processing path. The
frequency response 202 peaks at around 88.2 kHz indicating a substantial level of noise
introduced through processing the single-bit audio signal using a multi-bit audio processing path.
The noise is introduced, for example, if a DoP signal is processed using a PCM audio processing
path. The introduction of such noise may be mitigated by monitoring a type of a received audio
signal and automatically muting an audio processing path not corresponding to a type of the

received audio signal.

[0026] An audio processing circuit may process single-bit and multi-bit digital
audio signals for conversion into analog audio signals by a digital-to-analog converter (DAC). A
multi-path audio processing circuit 300, illustrated in FIGURE 3, may have multiple paths for
processing different types of digital audio signals. The audio processing circuit 300 may include
a first audio processing path 302 for processing single-bit audio signals, such as DoP signals, and

a second audio processing path 304 for processing multi-bit audio signals, such as PCM signals.
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Alternatively, an audio processing circuit may have a single configurable path (not pictured) for
processing multiple types of digital audio signals. The audio processing circuit 300 may have a
common input node 306 for receiving an audio data stream that may include single-bit digital

audio signals and multi-bit digital audio signals.

[0027] An audio signal received at the common input node 306 is decoded in the
first audio processing path 302 and the second audio processing path 304. The first audio
processing path 302 may include an audio signal type detector 308, for detecting that the audio
signal is a single-bit audio signal. Alternatively, a single-bit audio signal detector may be
located in the second path 304 or outside the first path 302 and the second path 304. When a
signal type is detected, the signal type detector 308 may inform a signal type switch module 312
of the signal type. The signal type switch module 312 may then mute the appropriate volume
control module. For example, if the signal type detector 308 detects that a signal is a single-bit
signal, the signal type switch module 312 may mute the multi-bit volume control module 314.
Additionally, the signal type switch module 312 may unmute, or increase the volume of, the
single-bit volume control module 310. The audio signal may then be decoded by the single-bit
decoding circuitry 320 and output to the summer 316. If the signal type detector 308 detects a
signal that is a multi-bit signal, the signal type switch module 312 may mute the single-bit
volume control module 310. Additionally, the signal type switch module 312 may unmute, or
increase the volume of, the multi-bit volume control module 314. The audio signal may then be
processed using the multi-bit decoding circuitry 322 and output to the summer 316. The summer
316 may add the signal of the unmuted path to the signal of the muted path, effectively
outputting the signal of the unmuted path at output 318. Thus, a received audio data stream may
be passed from the single input 306 to both processing paths 302, 304, and then passed from the
appropriate processing path to the summer 316 for output at output 318.

[0028] An audio processing circuit may monitor a received audio data stream to

determine a signal type and may automatically mute an audio processing path based on the signal
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type of the received signal. A method 400 for selecting a single-bit audio processing path upon
detection of a single-bit audio signal is illustrated in FIGURE 4. The method 400 may begin, at
step 402, with receiving a multi-bit audio signal. For example, an audio data stream may be
received that is a PCM audio signal. The multi-bit audio signal may be processed, at step 404,

using a multi-bit audio signal processing path.

[0029] At step 406, a transition of the audio data stream to a single-bit audio
signal may be detected. Such a transition may be detected by detecting a presence of a DSD
marker. An audio processing circuit may by default process a signal as a multi-bit audio signal,
in the absence of an indicator that the signal is a single-bit audio signal. Detection of a transition
may require detection of multiple consecutive frames, for example 32 consecutive frames,

containing DoP marker bytes.

[0030] After a transition is detected, at step 406, the multi-bit audio processing
path may be muted at step 408. The multi-bit audio processing path may be muted
instantaneously upon detection of a transition, or a volume of the multi-bit audio processing path
may be gradually reduced until it is muted. Muting the multi-bit audio processing path may
prevent a single-bit audio signal from being processed by a multi-bit audio processing path and
output from the audio processing circuit, such as by buffering a portion of the audio signal in the
detector. While switching from the multi-bit audio processing path to the single-bit audio
processing path, the output of the multi-bit audio processing path may be amplified for driving a
transducer to reproduce audio of the processed audio data stream. Following muting of the
multi-bit audio processing path and prior to unmuting the single-bit audio processing path, the
audio processing circuit may be in a state where both the multi-bit and single-bit audio
processing paths are muted. The single-bit audio processing path may then be unmuted at step
410. A volume of the single bit audio processing path may be raised to a desired volume level
instantaneously or may be gradually increased until a desired volume level has been reached.

After the single-bit audio processing path is unmuted at step 410, the single-bit audio signal may

- 10 -
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be decoded and output from the audio processing circuit using the single-bit audio processing
path. Thus, a multi-bit audio processing path may be automatically muted upon detection of a
transition of an audio data stream from a multi-bit audio signal to a single-bit audio signal, and

the single-bit audio signal may be processed using a single-bit audio processing path.

[0031] Likewise, an audio processing circuit receiving and processing a single-bit
audio signal may detect a transition from a single-bit audio signal to a multi-bit audio signal and,
in response, may mute a single-bit audio processing path. A method 500 for selecting a multi-bit
audio processing path upon detection of a multi-bit audio signal is illustrated in FIGURE 5. The
method 500 may begin, at step 502, with receiving a single-bit audio signal, such as a DoP audio
signal. The single-bit audio signal may be processed, at step 504, using a single-bit audio signal

processing path.

[0032] At step 506, a transition of the audio data stream to a multi-bit audio
signal is detected. Such a transition may be detected by detecting an absence of an indicator
intended to indicate that the audio signal is a single-bit audio signal. For example, a transition
from a DoP audio signal to a PCM audio signal may be detected by an absence of a single DoP

marker byte in a frame, the absence indicating that the signal is a PCM signal.

[0033] After a transition is detected, at step 506, the single-bit audio processing
path is muted at step 508. The single-bit audio processing path may be muted instantaneously
upon detection of a transition to a multi-bit audio signal, or a volume of a single-bit audio
processing path may be gradually reduced until it is muted. Muting the single-bit audio
processing path may prevent a multi-bit audio signal from being processed by a single-bit audio
processing path and output from the audio processing circuit. While switching from the single-
bit audio processing path to the multi-bit audio processing path, the output of the single-bit audio
processing path may be amplified for driving a transducer to reproduce audio of the processed

audio data stream. The multi-bit audio processing path may then be unmuted at step 510. After

-11 -
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the multi-bit audio processing path is unmuted at step 510, the multi-bit audio signal may be
decoded using the multi-bit audio processing path. Thus, a single-bit audio processing path may
be automatically muted upon detection of a transition of an audio data stream from a single-bit
audio signal to a multi-bit audio signal, and the multi-bit audio signal may be processed using a

multi-bit audio processing path and output from the audio processing circuit.

[0034] An audio processing circuit with a common input and output may include
distinct processing paths for processing DoP digital audio signals and PCM digital audio signals.
FIGURE 6 is an illustration of an example audio processing circuit 600 having a first audio
processing path 602 for processing DoP audio signals and a second audio processing path 604
for processing PCM audio signals. The audio processing circuit 600 may receive an audio data
stream at common input node 606. The common input node 606 may be a three-wire serial
digital audio port or other port for receiving a digital audio signal. The audio data stream may
then pass from the input node 606 to the first audio processing path 602 for processing DoP

audio signals and the second audio processing path 604 for processing PCM audio signals.

[0035] In the first audio processing path 602, the audio data stream may be passed
through a DoP detector 608 to search frames of the audio data stream for marker bytes indicating
that the audio data stream is a DoP audio signal. If the DoP detector 608 detects a sufficient
number of frames including DoP marker bytes, for example 32 consecutive frames, the DoP
detector 608 may inform the PCM DoP switch module 618 that the audio data stream is a DoP
signal. In some embodiments, when multiple channels of data are being processed, 32
consecutive marker bytes must be detected on all channels being processed. The PCM DoP
switch module 618 may then mute the PCM volume control module 620. For example, the PCM
DoP switch module 618 may apply a high voltage to a mute connector between the PCM DoP
switch module 618 and the PCM volume control module 620, indicating that the PCM volume
control module 620 should mute. After detecting the high voltage, the PCM volume control

module 620 may either decrease volume gradually until muted or may instantaneously mute.

-12 -



WO 2018/140203 PCT/US2018/012384

The PCM volume control module 620 may acknowledge receipt of the signal and subsequent
muting by applying a high voltage to a mute acknowledge connector. The PCM DoP switch
module 618 may also unmute the DSD volume control module 616. For example, the PCM DoP
switch module 618 may apply a low voltage to a mute connector between the PCM DoP switch
module 618 and the DSD volume control module 616, indicating that the DSD volume control
module 616 should unmute. After detecting the low voltage, the DSD volume control module
616 may raise volume gradually until reaching a desired level or may instantaneously raise
volume to the desired level. The DSD volume control module 616 may acknowledge receipt of
the low voltage and subsequent unmuting by applying a low voltage to a mute acknowledge

connector.

[0036] If the DoP detector 608 does not detect a sufficient number of frames
including DoP marker bytes, or detects a frame missing a DoP marker byte, the DoP detector 608
may inform the PCM DoP switch module 618 that the audio data stream is not a DoP signal. For
example, the DoP detector 608 may inform the PCM DoP switch module 618 that the audio data
stream is a PCM signal. The PCM DoP switch module 618 may then mute the DSD volume
control module 616. For example, the PCM DoP switch module 618 may apply a low voltage to
a mute connector between the PCM DoP switch module 618 and the DSD volume control
module 616, indicating that the DSD volume control module 616 should mute. After detecting
the high voltage, the DSD volume control module 616 may either decrease its volume gradually
until muted or may instantaneously mute. The DSD volume control module 616 may
acknowledge receipt of the low voltage and subsequent muting by applying a low voltage to a
mute acknowledge connector. The PCM DoP switch module 618 may also unmute the PCM
volume control module 620. For example, the PCM DoP switch module 618 may apply a low
voltage to a mute connector between the PCM DoP switch module 618 and the PCM volume
control module 620, indicating that the PCM volume control module 620 should unmute. After

detecting the low voltage, the PCM volume control module 620 may raise volume gradually until

- 13-
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reaching a desired level or may instantaneously raise volume to the desired level. The PCM
volume control module 620 may acknowledge receipt of the high voltage and subsequent

unmuting by applying a high voltage to a mute acknowledge connector.

[0037] The audio data stream may be received by a DSD Rx port module 610
after passing through the DOP detector 608 of the first path 602. The audio data stream is then
passed from the DSD Rx port module to a DSD first-in-first-out (FIFO) buffer module 612. The
audio data stream then passes through a DSD filter 614 to decode the signal. The audio data
stream then passes through the DSD volume control module 616. If the audio data stream is
determined to be a DoP signal by the DoP detector 608, the DSD volume control module 616
may be unmuted, and the processed signal passed from the first path 602 to the summer 628 and
output at output node 630. If the audio data stream is determined to be a PCM signal by the DoP
detector 608, the DSD volume control module 616 may be muted, and the processed signal is

blocked from passing to the summer 628.

[0038] The audio data stream received at the input node 606 may also be passed
to the second path 604 for processing PCM audio signals. An initial block of the second path
604 is PCM volume control module 620. If the audio data stream is determined to be a PCM
signal by the DoP detector 608, the PCM volume control module 620 may be unmuted. The
signal is then passed to the PCM filter 622 to be processed by the remainder of the second path
604. In some embodiments, the DoP detector 608 may determine that the audio data stream is
not a DoP signal before unmuting the PCM volume control module 620. If the audio data stream
is determined to be a DoP signal by the DoP detector 608, the PCM volume control module 620
is muted, and the signal blocked from passing to the PCM filter module 622 and being processed
by the remainder of the second path 604.

[0039] The signal passes through the PCM volume control module 620 of the
second path 604 for processing by the PCM filter module 622. After being processed by the
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PCM filter 622, the signal may be passed to a PCM FIFO buffer module 612. The signal may
then be passed to summer 628 and from summer 628 to output node 630. Thus, the circuit 600
may output only one signal at summer 628, processed using the appropriate audio path,
depending on whether an audio data stream received at the input 606 of the circuit 600 is a PCM
audio signal or a DoP audio signal. For example, the circuit 600 may output the signal at an
output node 630 coupled to a digital-to-analog converter (DAC) to convert the signal from a

digital audio signal to an analog audio signal.

[0040] A multiplexer may also be included in an audio circuit to select an audio
processing path for output. An example circuit 700 containing a multiplexer 704 for selecting
between audio processing paths 602, 604 is illustrated in FIGURE 7. Instead of a summer 628,
as in FIGURE 6, a multiplexer 704, controlled by a PCM DSD state switching module 702, may
be located between an output of a first audio processing path 602 and an output of a second audio
processing path 604 and an output node 630 of an audio processing circuit 700. In some
embodiments, the PCM DSD state switching module 702 may be integrated into the PCM DoP

switch module 618.

[0041] When the DoP detector 608 determines that an audio data stream received
at node 606 is a PCM audio signal, the PCM DoP switch module 618 may, in addition to muting
the first path 602 and unmuting the second path 604, direct the PCM DSD switching state
module 702 to switch the multiplexer 704 to output a signal received from the second path 604
and to block output of a signal received from the first path 602. For example, when an audio
data stream is determined to be a PCM audio signal by the DoP detector 608, the PCM DoP
switch module 618 may send a mute signal to the DSD volume control module 616. The DSD
volume control module 616 may then send a mute acknowledge signal to the PCM DoP switch
module 618 when it has muted its signal output. When the PCM DoP switch module 618
receives the mute acknowledge signal, it may send a signal to the PCM DSD state switching

module 702 instructing it to deselect or block an output from the first audio signal processing
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path 602. The PCM DSD state switching module 702 may then acknowledge the receipt of the
instruction. When the PCM DoP switch module 618 receives the acknowledgement, it may send
a signal to the PCM volume control module 620 of the second path to unmute. The PCM
volume control module 620 may acknowledge the receipt of the unmute signal, when it has
unmuted. When the PCM DoP switch module 618 receives the acknowledgement of the unmute
signal from the PCM volume control module 620, it may send a signal to the PCM DSD state
switching module 702 instructing it to select or unblock an output from the second audio signal
processing path 602. The PCM DSD state switching module 702 may then cause the multiplexer
to allow the output of the second audio processing path 604 to pass through, thus outputting the
processed PCM signal at the output 630.

[0042] Likewise, when the DoP detector 608 determines that an audio data stream
received at node 606 is a DoP audio signal, the PCM DoP switch module 618 may, in addition to
muting the second path 604 and unmuting the first path 602, direct the PCM DSD state switching
module 702 to switch the multiplexer 704 to output a signal received from the first path 602 and
to block a signal received from the second path 604. The audio processing circuit 700 may
switch an output of the circuit in response to a determination that an audio data stream is a DoP
audio signal by a process similar to the process described above in response to the determination
that the signal is a PCM audio signal. Thus, the audio processing circuit 700 may both mute a
path based on a type of a received signal and select a path for output from circuit 700 based on

the type of the received signal.

[0043] An audio processing circuit may select and deselect an output of an audio
processing path for output from the audio processing circuit based on a type of an audio signal
received at an input of the audio processing circuit. An example method for automatically
muting an audio processing path and selecting a different audio processing path for output from
an audio processing circuit is illustrated in FIGURE 8. The method 800 may begin, at step 802,

with receiving a multi-bit audio signal. Following the receipt of the multi-bit audio signal, the
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signal may be decoded, at step 804 using a multi-bit audio signal processing path. Once the
signal is decoded using the multi-bit audio signal processing path, the signal may be output from

an audio signal processing circuit.

[0044] While the signal is being decoded, it may also be monitored for a change
in format, for example a change from a PCM format to a DoP format. At step 806, a transition
from a multi-bit audio signal format to a single-bit audio signal may be detected. When such a
transition is detected, the multi-bit audio processing path may be muted, at step 808, to prevent
the audio signal from being output using the wrong audio processing path. After the multi-bit
audio processing path has been muted, the multi-bit audio processing path may be deselected, at
step 810, to prevent any output from the multi-bit audio signal processing path from being output
from the audio processing circuit. After deselecting the multi-bit audio processing path, single-
bit audio processing path may be selected for output, at step 812, to allow an audio signal
processed using the single-bit audio processing path to be output from the audio processing
circuit. At step 814, the single-bit audio processing path may be unmuted, to allow an audio
signal processed by the selected single-bit audio processing path to be passed through a volume
control module. After the single-bit audio processing path has been unmuted and selected, the
audio signal may be decoded, at step 816, using the single-bit audio processing path and output
from the audio processing circuit. Similarly, when a transition from a single-bit audio signal to a
multi-bit audio signal is detected, a single-bit audio processing path may be muted before it is
deselected, and a multi-bit audio processing path may be selected for output from an audio
processing circuit before it is unmuted. By muting an inappropriate audio processing path before
deselecting it, noise that may be introduced to the output in deselecting an output of an audio
processing path while the audio processing path is not muted may be reduced. Thus, in addition
to muting an inappropriate audio signal processing path and unmuting an appropriate audio
signal processing path, an output of an appropriate audio processing path may be selected while

an output of an inappropriate audio processing path may be deselected.
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[0045] Multi-path audio processing circuits with auto-mute path selection
functionality may be found in a variety of devices such as portable media players, cell phones,
laptop computers, stereo systems, and other devices that convert stored audio data into an audio
output. One advantageous embodiment for an audio processing circuit described herein is a
personal media device for playing back music, high-fidelity music, and/or speech from telephone
calls. FIGURE 9 is an illustration showing an example personal media device for audio
playback including a multi-path audio processing circuit with auto-mute functionality according
to one embodiment of the disclosure. A personal media device 900 may include a display 902
for allowing a user to select from music files for playback, which may include both high-fidelity
music files and normal music files. When music files are selected by a user, audio files, such as
audio files encoded in a PCM or DoP format, may be retrieved from memory 904 by an
application processor (not shown) and provided to an audio controller 906. The audio controller
906 may include a first audio processing path including a single-bit audio signal decoding
module 906A and a single-bit audio signal mute module 906B, a second audio processing path
including a multi-bit audio signal decoding module 906B and a multi-bit audio signal mute
module 906D. The first and second path may both output to a DAC 906E. The DAC 906E may
operate continuously during a transition of the audio controller 906 from processing an audio
signal with the first path to processing the audio signal with the second path. For example, the
audio controller 906 may include a multi-path audio processing circuit with auto-mute
functionality, such as according to the embodiments of FIGURE 3, FIGURE 4, FIGURE 5
FIGURE 6, FIGURE 7, or FIGURE 8. The digital audio (e.g., music or speech) may be
converted to analog signals by the audio controller 906, and those analog signals may be
amplified by an amplifier 908. The amplifier 908 may be coupled to an audio output 910, such
as a headphone jack, for driving a transducer, such as headphones 912. The amplifier 908 may
also be coupled to an internal speaker 920 of the device 900. Although the data received at the
audio controller 906 is described as received from memory 904, the audio data may also be

received from other sources, such as a USB connection, a device connected through Wi-Fi to the
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personal media device 900, a cellular radio, an Internet-based server, another wireless radio,

and/or another wired connection.

[0046] The operations described above may be performed by any circuit
configured to perform the described operations. Such a circuit may be an integrated circuit (IC)
constructed on a semiconductor substrate and include logic circuitry, such as transistors
configured as logic gates, and memory circuitry, such as transistors and capacitors configured as
dynamic random access memory (DRAM), electronically programmable read-only memory
(EPROM), or other memory devices. The logic circuitry may be configured through hard-wire
connections or through programming by instructions contained in firmware. Further, the logic
circuitry may be configured as a general-purpose processor (e.g., CPU or DSP) capable of
executing instructions contained in software. The firmware and/or software may include
instructions that cause the processing of signals described herein to be performed. The circuitry
or software may be organized as blocks that are configured to perform specific functions.
Alternatively, some circuitry or software may be organized as shared blocks that can perform
several of the described operations. In some embodiments, the integrated circuit (IC) that is the
controller may include other functionality. For example, the controller IC may include an audio
coder/decoder (CODEC) along with circuitry for performing the functions described herein.
Such an IC is one example of an audio controller. Other audio functionality may be additionally

or alternatively integrated with the IC circuitry described herein to form an audio controller.

[0047] If implemented in firmware and/or software, functions described above
may be stored as one or more instructions or code on a computer-readable medium. Examples
include non-transitory computer-readable media encoded with a data structure and computer-
readable media encoded with a computer program. Computer-readable media includes physical
computer storage media. A storage medium may be any available medium that can be accessed
by a computer. By way of example, and not limitation, such computer-readable media can

comprise random access memory (RAM), read-only memory (ROM), electrically-erasable
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programmable read-only memory (EEPROM), compact disc read-only memory (CD-ROM) or
other optical disk storage, magnetic disk storage or other magnetic storage devices, or any other
medium that can be used to store desired program code in the form of instructions or data
structures and that can be accessed by a computer. Disk and disc includes compact discs (CD),
laser discs, optical discs, digital versatile discs (DVD), floppy disks and Blu-ray discs.
Generally, disks reproduce data magnetically, and discs reproduce data optically. Combinations

of the above should also be included within the scope of computer-readable media.

[0048] In addition to storage on computer readable medium, instructions and/or
data may be provided as signals on transmission media included in a communication apparatus.
For example, a communication apparatus may include a transceiver having signals indicative of
instructions and data. The instructions and data are configured to cause one or more processors

to implement the functions outlined in the claims.

[0049] The described methods are generally set forth in a logical flow of steps.
As such, the described order and labeled steps of representative figures are indicative of aspects
of the disclosed method. Other steps and methods may be conceived that are equivalent in
function, logic, or effect to one or more steps, or portions thereof, of the illustrated method.
Additionally, the format and symbols employed are provided to explain the logical steps of the
method and are understood not to limit the scope of the method. Although various arrow types
and line types may be employed in the flow chart diagram, they are understood not to limit the
scope of the corresponding method. Indeed, some arrows or other connectors may be used to
indicate only the logical flow of the method. For instance, an arrow may indicate a waiting or
monitoring period of unspecified duration between enumerated steps of the depicted method.
Additionally, the order in which a particular method occurs may or may not strictly adhere to the

order of the corresponding steps shown.
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[0050] Although the present disclosure and certain representative advantages
have been described in detail, it should be understood that various changes, substitutions and
alterations can be made herein without departing from the spirit and scope of the disclosure as
defined by the appended claims. Moreover, the scope of the present application is not intended
to be limited to the particular embodiments of the process, machine, manufacture, composition of
matter, means, methods and steps described in the specification. For example, although ones
(1s) and zeros (0s) or highs and lows are given as example bit values throughout the description,
the function of ones and zeros may be reversed without change in operation of the processor
described in embodiments above. As another example, where general purpose processors are
described as implementing certain processing steps, the general purpose processor may be digital
signal processors (DSPs), graphics processing units (GPUs), central processing units (CPUs), or
other configurable logic circuitry. As one of ordinary skill in the art will readily appreciate from
the present disclosure, processes, machines, manufacture, compositions of matter, means,
methods, or steps, presently existing or later to be developed that perform substantially the same
function or achieve substantially the same result as the corresponding embodiments described
herein may be utilized. Accordingly, the appended claims are intended to include within their

scope such processes, machines, manufacture, compositions of matter, means, methods, or steps.
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CLAIMS
What is claimed is:
A method, comprising:

decoding an audio data stream as a multi-bit audio signal using a multi-bit audio
processing path coupled to an input node shared with a single-bit audio

processing path;

detecting when the audio data stream switches from the multi-bit audio signal to

a single-bit audio signal; and

muting the multi-bit audio processing path after detecting the audio data stream

switches to the single-bit audio signal.

The method of claim 1, wherein the step of detecting is performed by simultaneously

decoding the audio data stream in the single-bit audio processing path.

The method of claim 1, further comprising decoding the audio data stream using the

single-bit audio processing path after muting the multi-bit audio processing path.
The method of claim 3, further comprising:

detecting when the audio data stream switches from the single-bit audio signal to

the multi-bit audio signal;

muting the single-bit audio processing path after detecting the audio data stream

switches to the multi-bit audio signal; and

decoding the audio data stream using the multi-bit audio processing path.
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The method of claim 3, further comprising: deselecting the multi-bit audio processing
path for output prior to muting the multi-bit audio processing path and selecting the
single-bit audio processing path for output after deselecting the multi-bit audio

processing path.

The method of claim 3, wherein the step of detecting when the audio data stream
switches to the single-bit audio signal comprises detecting, in the audio data stream,
a marker byte, the presence of the marker byte indicating the audio data stream is

the single-bit audio signal.

The method of claim 3, further comprising amplifying an output of the decoded audio
stream from the multi-bit audio processing path for driving a transducer to
reproduce audio of the decoded audio stream, wherein the output is amplified during
switching from the multi-bit audio processing path to the single-bit audio processing

path.

The method of claim 3, wherein the muting of the multi-bit audio processing path is
performed immediately after detecting the single-bit audio signal without ramping

down a volume of the multi-bit audio processing path.

The method of claim 1, wherein the step of detecting comprises detecting, in the audio
data stream, a threshold number of marker bytes in a predetermined number of

frames indicating the audio data stream is the single-bit audio signal.

The method of claim 1, further comprising ramping down a volume of the of the multi-

bit audio processing path prior to muting the multi-bit audio processing path.
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A method, comprising:

decoding an audio data stream as a single-bit audio signal using a single-bit
audio processing path coupled to an input node shared with a multi-bit

audio processing path;

detecting when the audio data stream switches from the single-bit audio signal to

a multi-bit audio signal; and

muting the single-bit audio processing path after detecting the audio data stream

switches to the multi-bit audio signal.

The method of claim 11, further comprising decoding the audio data stream using the

multi-bit audio processing path after muting the single-bit audio processing path.

The method of claim 12, further comprising deselecting the single-bit audio processing
path for output prior to muting the single-bit audio processing path and selecting the
multi-bit audio processing path for output after deselecting the single-bit audio

processing path.

The method of claim 12, wherein the step of detecting when the audio data stream
switches to the multi-bit audio signal comprises detecting, in the audio data stream,
a missing marker byte, the absence of the marker byte indicating that the audio data

stream is the multi-bit audio signal.

The method of claim 12, further comprising amplifying an output of the decoded audio
stream from the single-bit audio processing path for driving a transducer to
reproduce audio of the decoded audio stream, wherein the output is amplified during
switching from the single-bit audio processing path to the multi-bit audio processing

path.
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The method of claim 12, wherein the muting of the single-bit audio processing path is
performed immediately after detecting the multi-bit audio signal without ramping

down a volume of the single-bit audio processing path.

The method of claim 11, further comprising ramping down a volume of the of the single-

bit audio processing path prior to muting the single-bit audio processing path.
An apparatus, comprising:
an audio controller configured to perform steps comprising:

decoding an audio data stream as a multi-bit audio signal using a multi-
bit audio processing path coupled to an input node shared with a

single-bit audio processing path;

detecting when the audio data stream switches from the multi-bit audio

signal to a single-bit audio signal; and

muting the multi-bit audio processing path after detecting the audio

data stream switches to the single-bit audio signal.

The apparatus of claim 18, wherein the step of detecting is performed by simultaneously

decoding the audio data stream in the single-bit audio processing path.

The apparatus of claim 18, wherein the audio controller is further configured to perform
steps comprising: decoding the audio data stream using the single-bit audio

processing path after muting the multi-bit audio processing path.
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21. The apparatus of claim 20, wherein the audio controller is further configured to perform

steps comprising:

detecting when the audio data stream switches from the single-bit audio signal to

the multi-bit audio signal;

muting the single-bit audio processing path after detecting the audio data stream

switches to the multi-bit audio signal; and
decoding the audio data stream using the multi-bit audio processing path.

22. The apparatus of claim 20, wherein the controller is further configured to perform steps
comprising: deselecting the multi-bit audio processing path for output prior to
muting the multi-bit audio processing path and selecting the single-bit audio

processing path for output after deselecting the multi-bit audio processing path.

23. The apparatus of claim 20 wherein the step of detecting when the audio data stream
switches to the single-bit audio signal comprises detecting, in the audio data stream,
a marker byte, the presence of the marker byte indicating the audio data stream is

the single-bit audio signal.
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The apparatus of claim 20, wherein the controller is further configured to perform steps
comprising amplifying an output of the decoded audio stream from the multi-bit
audio processing path for driving a transducer to reproduce audio of the decoded
audio stream, wherein the output is amplified during switching from the multi-bit

audio processing path to the single-bit audio processing path.

The apparatus of claim 20, wherein the muting of the multi-bit audio processing path is
performed immediately after detecting the single-bit audio signal without ramping

down a volume of the multi-bit audio processing path.

The apparatus of claim 18, wherein the step of detecting comprises detecting, in the
audio data stream, a threshold number of marker bytes in a predetermined number

of frames indicating the audio data stream is the single-bit audio signal.

The apparatus of claim 18, wherein the controller is further configured to perform steps
comprising: ramping down a volume of the of the multi-bit audio processing path

prior to muting the multi-bit audio processing path.
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28. An apparatus, comprising:
an audio controller configured to perform steps comprising:

decoding an audio data stream as a single-bit audio signal using a
single-bit audio processing path coupled to an input node shared

with a multi-bit audio processing path;

detecting when the audio data stream switches from the single-bit audio

signal to a multi-bit audio signal; and

muting the single-bit audio processing path after detecting the audio

data stream switches to the multi-bit audio signal.

29. The apparatus of claim 28, wherein the controller is further configured to perform steps
comprising: decoding the audio data stream using the multi-bit audio processing

path after muting the single-bit audio processing path.

30. The apparatus of claim 29, wherein the controller is further configured to perform steps
comprising: deselecting the single-bit audio processing path for output prior to
muting the single-bit audio processing path and selecting the multi-bit audio

processing path for output after deselecting the single-bit audio processing path.

31. The apparatus of claim 29, wherein the step of detecting when the audio data stream
switches to the multi-bit audio signal comprises detecting, in the audio data stream,
a missing marker byte, the absence of the marker byte indicating that the audio data

stream is the multi-bit audio signal.
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32. The apparatus of claim 29, further comprising amplifying an output of the decoded audio
stream from the single-bit audio processing path for driving a transducer to
reproduce audio of the decoded audio stream, wherein the output is amplified during
switching from the single-bit audio processing path to the multi-bit audio processing

path.

33. The apparatus of claim 29, wherein the muting of the single-bit audio processing path is
performed immediately after detecting the multi-bit audio signal without ramping

down a volume of the single-bit audio processing path.

34. The apparatus of claim 28, wherein the controller is further configured to perform steps
comprising: ramping down a volume of the of the single-bit audio processing path

prior to muting the single-bit audio processing path.
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