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(57) Abstract: An integrated circuit is used for digital signal routing. The integrated circuit has analog and digital inputs and out-
puts, including digital interfaces for connection to other integrated circuits. Inputs, including the digital interfaces, act as data
sources. Outputs, including the digital interfaces, act as data destinations. The integrated circuit also includes signal processing
blocks, which can act as data sources and data destinations. Signal routing is achieved by means of a multiply-accumulate block,
which takes data from one or more data source and, atter any required scaling, generates output data for a data destination. Data from
a data source is buffered for an entire period of a data sample clock so that the multiply-accumulate block can retrieve the data at any
point in the period, and output data of the multiply-accumulate block is buffered for an entire period of the data sample clock so that
the data destination can retrieve the data at any point in the period. Multiple signal paths can be defined by configuration data sup -
plied to the device, either by a user, or by software. The multiply-accumulate block operates on a time division multiplexed basis, so
that multiple signal paths can be processed within one period of the sample clock. Each signal path has a respective sample clock
rate, and paths with ditferent sample clock rates can be routed through the multiply-accumulate block on a time division multiplexed
basis independently of each other. Thus, speech signals at 8kHz or 16kHz can be processed concurrently with audio data at 44.1kHz
or 48kHz.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-30, 98-101, 132-166

Communication devices (independent claims 98 and 99)
comprising a processor and an integrated circuit comprising
signal source ports and signal destination ports, a mixer or
switching circuit that can be time division multiplexed
between signal paths, which transfer data at a given sample
rate from the source ports to the destination ports.
Further independent claims 132 and 166 define integrated
circuits including a mixing core and signal paths for
transferring audio streams between source and destination
ports according to stored configuration data sets.

Finally, independent claim 1 defines an integrated circuit
including a mixing core, source and destination ports and
additional components like a clock generator, a
multiplier-accumulator, buffers and source/destination
selectors in order to transfer mixed audio stream between
the source and destination ports according to stored
configuration data sets.

2. claims: 31-33, 64-82, 111-118

Integrated circuits (independent claims 31, 111 and 112)
including digital input and output interfaces with source
and destination ports, signal processing blocks, a mixer for
establishing signal paths between the source ports to the
destination ports wherein one possible signal path is a
direct signal path in which signals do not pass through the
mixer.

3. claims: 34-57, 88-90

Integrated circuit (independent claim 34) including digital
input and output interfaces with source and destination
ports, signal processing blocks, a mixer for establishing
signal paths between the source ports to the destination
ports wherein a control block is provided for receiving user
inputs and a plurality of signal paths is established on the
basis of the received user input.

Further independent claims 39 and 88 relate to methods of
controlling integrated circuits comprising presenting to a
user graphical representations of digital input and output
interfaces and signal processing blocks available in the
integrated circuit and further receiving user inputs
identifying a set of plural signal routings that define
signal paths in the integrated circuit.

4. claims: 58-63, 102, 110
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Methods (independent claims 58 and 102) of controlling an
integrated circuit, the circuit comprising a plurality of
sources and destinations, a mixer, the method comprising
defining a plurality of paths between the source and
destination port and obtaining data from the signal source
port wherein data for the destination port is generated by
applying scaling to the data from the source port and mixing
the scaled data.

5. claims: 83-87

Integrated circuits (independent claims 83 and 84)
comprising a plurality of signal sources and destinations, a
mixer that can be time division multiplexed between signal
paths connecting the sources and destinations, wherein data
is transferred at a given sample rate, the circuits further
comprising control circuitry for controlling the frequency
of a data clock supplied to the mixer based on the number of
signal paths and on first and second data rates.

6. claims: 91-97

Integrated circuits (independent claims 91 and 92)
comprising a mixer that can be time division multiplexed
between signal paths wherein each signal path transfers data
at a respective sample rate from at least one signal source
port to at least one destination port, wherein at successive
time intervals, the signal path that is enabled by inclusion
of the mixer is determined on the basis that the signal path
that has the shortest time before an end of a period of a
clock signal at the respective data sample rate. Further
independent method claim 96 defines a corresponding method.

7. claims: 119-127

An integrated circuit (independent claim 119), comprising:
clock generation circuitry for generating a plurality of
clock signals at respective different frequencies, a
plurality of signal processing blocks, each requiring a
clock signal at a preferred frequency, a plurality of
multiplexers, each associated with a respective one or more
of the signal processing blocks, each receiving said
plurality of clock signals, and each being controlled to
pass a clock signal at the preferred frequency to the
respective one or more of the signal processing blocks.

8. claims: 128-131, 167-187, 222-225

An integrated circuit (independent claim 128) or a switching
circuit (independent claim 222) comprising a mixer than can
be inserted into a plurality of data paths in a time
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division multiplexed manner, such that data that is
presented to the mixer by the start of one sample clock
period is available for a receiving block for the whole of
the next period of the sample clock.

Further independent claim 167 defines an integrated circuit
for processing streams of audio samples, the circuit having
a mixer comprising a multiplier accumulator, source data
buffers and destination data buffers, wherein data samples
of two data streams are received, stored in the buffers and
multiplied according to a specific timing defined by a
sample clock, wherein audio data sample is stored in a
destination buffer for the remainder of a period and for the
duration of a subsequent next period.

Additional independent claim 184 defines a method
corresponding to claim 167.

9. claims: 188-220

An integrated circuit (independent claim 188) comprising a
digital mixing core, the digital mixing core comprising: a
plurality of signal source and destination ports each signal
destination port having a respective data sample clock rate,
a mixer, a plurality of source and destination data buffers
and source and destination selector blocks, for enabling a
plurality of respective signal paths between the source and
destination data buffers via the mixer,the source, whereby
the mixer is operable to enable a first signal path for data
at a first data sample rate between first at least one
source data buffers and first destination data buffer, and a
second signal path for data at a second data sample rate
between second at least one second source data buffer and
second destination data buffer.

10. claim: 221

An integrated circuit (independent claim 221) comprising a
multiply-accumulate block, wherein the multiply-accumulate
block is configured to retrieve at least one input data
sample from a respective input buffer, to multiply the or
each input data sample by a respective scaling factor, and
to generate an output data sample from the or each scaled
input data sample within one cycle of a data sample clock,
wherein each input buffer is configured to store a
respective input data sample for a whole of said one cycle
of the data sample clock, being a cycle after a cycle in
which it is received, and wherein the output buffer is
configured to store the output data sample for an entire
cycle of the data sample clock after said cycle.

11. claims: 226-252

An integrated circuit (independent claim 247), comprising a
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digital mixing core, the digital mixing core comprising a
plurality of signal sources and signal destinations, and at
least one mixer to which the signal sources and signal
destinations can be connected on a time division multiplexed
basis to establish signal paths, wherein each signal
destination requires data at a respective predetermined
sample rate, wherein the or each mixer operates at a
respective mixer clock frequency, and wherein the or each
mixer clock frequency is less than that necessary to be able
to establish signal paths between every signal source and
every signal destination during one period at the respective
sample rates. A corresponding method is defined in claim
252.

Further independent claim 226 defines an integrated circuit
essentially having the same features as claim 247.
Independent claim 246 defines further details concerning the
frequency of the mixer clock:
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