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=)/, 3. System Interconnect Fabric for

® Streaming Interfaces

The interconnect fabric for Avalon® Streaming connects high-bandwidth, low latency
components that use the Avalon Streaming (Avalon-ST) interface. This interconnect
fabric creates datapaths for unidirectional traffic including multichannel streams,
packets, and DSP data. This chapter describes the Avalon-ST interconnect fabric and
its use in connecting components with Avalon-ST interfaces. Descriptions of specific
adapters and their use in streaming systems can be found in the following sections:

m “Adapters” on page 3-3
m “Multiplexer Examples” on page 3-5

High-Level Description

Avalon-ST interconnect fabric is logic generated by SOPC Builder. Using SOPC
Builder, you specify how Avalon-ST source and sink ports connect. SOPC Builder
then creates a high performance point-to-point interconnect between the two
components. The Avalon-ST interconnect is flexible and can be used to implement
on-chip interfaces for industry standard telecommunications and data
communications cores, such as Ethernet IEEE 802.3 MAC and SPI 4.2. In all cases, bus
widths, packets, and error conditions are custom-defined.

Figure 31 illustrates the simplest system example that generates an interconnect
between the source and sink. This source-sink pair includes only the dat a and val i d
signals.

Figure 3-1. Interconnect for a Simple Avalon Streaming Source-Sink Pair
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Figure 3-2 illustrates a more extensive interface that includes signals indicating the
start and end of packets, channel numbers, error conditions, and back pressure.

Figure 3-2. Avalon Streaming Interface for Packet Data
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All data transfers using Avalon-ST interconnect occur synchronously to the rising
edge of the associated clock interface. All outputs from the source interface, including
the data, channel, and error signals, must be registered on the rising edge of the clock.
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Registers are not required for inputs at the sink interface. Registering signals only at
the source provides for high frequency operation while eliminating back-to-back reg-
istration with no intervening logic. There is no inherent maximum performance of the
interconnect. Throughput for a system depends on the components and how they are
connected.

For details about the Avalon-ST interface protocol, refer to the Avalon Interface
Specifications.

Avalon Streaming and Avalon Memory-Mapped Interfaces

The Avalon-ST and Avalon Memory-Mapped (Avalon-MM) interfaces are
complementary. High bandwidth components with streaming data typically use
Avalon-ST interfaces for the high throughput datapath. These components can also
use Avalon-MM connection interfaces to provide an access point for control. In
contrast to the Avalon-MM interconnect, which can be used to create a wide variety of
topologies, the Avalon-ST interconnect fabric always creates a point-to-point between
a single data source and data sink, as Figure 3-3 illustrates. There are two connection
pairs in this figure:

m The data source in the Rx Interface transfers data to the data sink in the FIFO.
m The data source in the FIFO transfers data to the Tx Interface data sink.

In Figure 3-3, the Avalon-MM interface allows a processor to access the data source,
FIFO or data sink to provide system control.

Figure 3-3. Use of the Avalon Memory-Mapped and Streaming Interfaces

f Control Plane Avalon Memory Mapped Inteface \

Processor RAM UART Timer

! >

Data Source Data Sink

(Rx

2
Control
Slave

A
Control Control
Slave Slave

Interface) (Tx Interface)

_ ready ready
Data | valid Data Data [aid Data
Source | channel Source L_channel »|  Sink
data data o

KData Plane Avalon Streaming Interface /

Quartus Il Handbook Version 9.1 Volume 4: SOPC Builder © November 2009 Altera Corporation


http://www.altera.com/literature/manual/mnl_avalon_spec.pdf
http://www.altera.com/literature/manual/mnl_avalon_spec.pdf

Chapter 3: System Interconnect Fabric for Streaming Interfaces 3-3

Adapters

Adapters

Adapters are configurable SOPC Builder components that are part of the streaming
interconnect fabric. They are used to connect source and sink interfaces that are not
exactly the same without affecting the semantics of the data. SOPC Builder includes
the following four adapters:

m Data Format Adapter
m Timing Adapter

m Channel Adapter

m  Error Adapter

You can add Avalon-ST adapters between two components with mismatched
interfaces. The adapter allows you to connect a data source to a data sink of differing
byte sizes. If you connect mismatched Avalon-ST sources and sinks in SOPC Builder
without inserting adapters, SOPC Builder generates error messages. Inserting
adapters into the system does not change the types of components that SOPC Builder
allows you to connect. The Insert Avalon-ST Adapters command on the System
menu attempts to correct these errors automatically, if possible, by inserting the
appropriate adapter types.

For complete information about these adapters, refer to the Avalon Streaming
Interconnect Components chapter in volume 4 of the Quartus II Handbook.

The following sections provide an overview of these adapters.

Data Format Adapter

The data format adapter allows you to connect interfaces that have different values
for the parameters defining the data signal. One of the most common uses of this
adapter is to convert data streams of different widths. Figure 3—4 shows an adapter
that allows a connection between a 128-bit input data stream and three 32-bit output
data streams.
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Timing Adapter

Channel Adapter

Error Adapter

Figure 3—4. Avalon Streaming Interconnect Fabric with Data Format Adapter
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The timing adapter allows you to connect component interfaces that require a
different number of cycles before driving or receiving data. This adapter inserts a
FIFO between the source and sink to buffer data or pipeline stages to delay the back
pressure signals. The timing adapter can also be used to connect interfaces that
support the r eady signal and those that do not.

The channel adapter provides adaptations between interfaces that have different
support for the channel signal or channel-related parameters. For example, if the
source channel is narrower than the sink channel, you can use this adapter to connect
them. The high-order bits of the sink channel are connected to zero. You can also use
this adapter to connect a source with a wider channel to a sink with a narrower
channel. If the source provides data for a channel that the sink cannot receive, the data
is not transferred.

The error adapter ensures that per-bit error information provided by the source
interface is correctly connected to the sink interface’s input error signal. Matching
error conditions handled by the source and sink are connected. If the source has an
error condition that is not supported by the sink, the signal is left unconnected; the
adapter provides a simulation error message and an error indication if this error is
ever asserted. If the sink has an error condition that is not supported by the source, the
sink’s input is tied to zero.
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Multiplexer Examples

You can combine these adapters with streaming components to create datapaths
whose input and output streams have different properties. The following sections
provide examples of datapaths constructed using SOPC Builder in which the output
stream is higher performance than the input stream:

m The first example shows an output with double the throughput of each interface
with a corresponding doubling of the clock frequency.

m The second example doubles the data width.

m The third example boosts the frequency of a stream by 10% by multiplexing input
data from two sources.

Example to Double Clock Frequency

Figure 3-5 illustrates a datapath that uses the dual clock version of the on-chip FIFO
memory and Avalon-ST channel multiplexer to merge the 100 MHz input from two
streaming data sources into a single 200 MHz streaming output. As Figure 3-5
illustrates, this example increases throughput by increasing the frequency and
combining inputs.

Figure 3-5. Datapath that Doubles the Clock Frequency
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Example to Double Data Width and Maintain Frequency

Figure 3-6 illustrates a datapath that uses the data format adapter and Avalon-ST
channel multiplexer to convert two, 8-bit inputs running at 100 MHz to a single 16-bit
output at 100 MHz.
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Figure 3-6. Datapath to Double Data Width and Maintain Original Frequency
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Example to Boost the Frequency

Figure 3-7 illustrates a datapath that uses the dual clock version of the on-chip FIFO
memory to boost the frequency of input data from 100 MHz to 110 MHz by sampling
two input streams at differential rates. In this example, the on-chip FIFO memory has
an input clock frequency of 100 MHz and an output clock frequency of 110 MHz. The
channel multiplexer runs at 110 MHz and samples one input stream 27.3 percent of
the time and the second 72.7 percent of the time.

You do not need to know what the typical and maximum input channel utilizations
are before attempting this. For example, if the first channel hits 50% utilization, the
output stream exceeds 100% utilization.

Figure 3-7. Datapath to Boost the Clock Frequency
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Document Revision History

Table 3-1 shows the revision history for this chapter.

Table 3-1. Document Revision History

Date and Document Version Changes Made Summary of Changes
November 2009, v9.1.0 No changes from previous release. —
March 2009, v9.0.0 No changes from previous release. —
November 2008, v8.1.0 m Added information on error adapter.

m Changed page size to 8.5 x 11 inches -
May 2008, v8.0.0 Updated references to Avalon

Memory-Mapped and Streaming Interface
Specifications and changed to Avalon
Interface Specifications.

October 2007, v7.2.0 No changes for this release. —
May 2007, Initial release. The Avalon-ST Data Format Adapter,
V1.0 Timing Adapter and Channel Adapter are

new components provided in the Quartus Il
software v7.1 release.
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