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Core Overview

The Scatter-Gather Direct Memory Access (SG-DMA) controller core implements
high-speed data transfer between two components. You can use the SG-DMA
controller core to transfer data from:

® Memory to memory
m Data stream to memory
m Memory to data stream

The SG-DMA controller core transfers and merges non-contiguous memory to a
continuous address space, and vice versa. The core reads a series of descriptors that
specify the data to be transferred.

For applications requiring more than one DMA channel, multiple instantiations of the
core can provide the required throughput. Each SG-DMA controller has its own series
of descriptors specifying the data transfers. A single software module controls all of
the DMA channels.

The SG-DMA controller core is SOPC Builder-ready and integrates easily into any
SOPC Builder-generated system. For the Nios® II processor, device drivers are
provided in the HAL system library, allowing software to access the core using the
provided driver.

Example Systems

Figure 21-1 shows a SG-DMA controller core in a block diagram for the DMA
subsystem of a printed circuit board. The SG-DMA core in the FPGA reads streaming
data from an internal streaming component and writes data to an external memory. A
Nios II processor provides overall system control.

Figure 21-1. SG-DMA Controller Core with Streaming Peripheral and External Memory
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Figure 21-2 shows a different use of the SG-DMA controller core, where the core
transfers data between an internal and external memory. The host processor and
memory are connected to a system bus, typically either a PCI Express or Serial
RapidIO™.

Figure 21-2. SG-DMA Controller Core with Internal and External Memory
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Comparison of SG-DMA Controller Core and DMA Controller Core

In This Chapter

The SG-DMA controller core provides a significant performance enhancement over
the previously available DMA controller core, which could only queue one transfer at
a time. Using the DMA Controller core, a CPU had to wait for the transfer to complete
before writing a new descriptor to the DMA slave port. Transfers to non-contiguous
memory could not be linked; consequently, the CPU overhead was substantial for
small transfers, degrading overall system performance. In contrast, the SG-DMA
controller core reads a series of descriptors from memory that describe the required
transactions and performs all of the transfers without additional intervention from the
CPU.

This chapter contains the following sections:

“Functional Description” on page 21-3

“Device Support and Tools” on page 21-9
“Instantiating the Core in SOPC Builder” on page 21-9
“Simulation Considerations” on page 21-10

“Software Programming Model” on page 21-10

“Programming with SG-DMA Controller” on page 21-15
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Resource Usage and Performance

Resource utilization for the core is 600-1400 logic elements, depending upon the
width of the datapath, the parameterization of the core, the device family, and the
type of data transfer. Table 21-1 provides the estimated resource usage for a SG-DMA
controller core used for memory to memory transfer. The core is configurable and the
resource utilization varies with the configuration specified.

Table 21-1. SG-DMA Estimated Resource Usage

Stratixe Stratix Il

Datapath Cyclonee Il (LEs) (ALUTS)
8-bit datapath 850 650 600
32-bit datapath 1100 850 700
64-bit datapath 1250 1250 800

The core operating frequency varies with the device and the size of the datapath.
Table 21-2 provides an example of expected performance for SG-DMA cores
instantiated in several different device families.

Table 21-2. SG-DMA Peak Performance

Device Datapath fuax Throughput
Cyclone Il 64 bits 150 MHz 9.6 Gbps
Cyclone Il 64 bits 160 MHz 10.2 Gbps

Stratix II/Stratix [l GX 64 bits 250 MHz 16.0 Gbps
Stratix Il 64 bits 300 MHz 19.2 Gbps

Functional Description

The SG-DMA controller core comprises three major blocks: descriptor processor,
DMA read, and DMA write. These blocks are combined to create three different
configurations:

® Memory to memory
m Memory to stream
m Stream to memory

The type of devices you are transferring data to and from determines the
configuration to implement. Examples of memory-mapped devices are PCI, PCle and
most memory devices. The Triple Speed Ethernet MAC, DSP MegaCore functions and
many video IPs are examples of streaming devices. A recompilation is necessary each
time you change the configuration of the SG-DMA controller core.
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Functional Blocks and Configurations

The following sections describe each functional block and configuration.

Descriptor Processor

The descriptor processor reads descriptors from the descriptor list via its Avalon-MM
read master port and pushes commands into the command FIFOs of the DMA read
and write blocks. Each command includes the following fields to specify a transfer:

m Source address

m Destination address

m  Number of bytes to transfer

B Increment read address after each transfer

B Increment write address after each transfer

m  Generate start of packet (SOP) and end of packet (EOP)

After each command is processed by the DMA read or write block, a status token
containing information about the transfer such as the number of bytes actually
written is returned to the descriptor processor, where it is written to the respective
fields in the descriptor.

DMA Read Block

The DMA read block is used in memory-to-memory and memory-to-stream
configurations. The block performs the following operations:

B Reads commands from the input command FIFO.
m Reads a block of memory via the Avalon-MM read master port for each command.
m Pushes data into the data FIFO.

If burst transfer is enabled, an internal read FIFO with a depth of twice the maximum
read burst size is instantiated. The DMA read block initiates burst reads only when
the read FIFO has sufficient space to buffer the complete burst.

DMA Write Block

The DMA write block is used in memory-to-memory and stream-to-memory
configurations. The block reads commands from its input command FIFO. For each
command, the DMA write block reads data from its Avalon-ST sink port and writes it
to the Avalon-MM master port.

If burst transfer is enabled, an internal write FIFO with a depth of twice the maximum
write burst size is instantiated. Each burst write transfers a fixed amount of data
equals to the write burst size, except for the last burst. In the last burst, the remaining
data is transferred even if the amount of data is less than the write burst size.
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Memory-to-Memory Configuration

Memory-to-memory configurations include all three blocks: descriptor processor,

DMA read, and DMA write. An internal FIFO is also included to provide buffering

and flow control for data transferred between the DMA read and write blocks.

Figure 21-3 illustrates one possible memory-to-memory configuration with an

internal Nios II processor and descriptor list.

Figure 21-3. Example of Memory-to-Memory Configuration
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Memory-to-Stream Configuration

Memory-to-stream configurations include the descriptor processor and DMA read
blocks. Figure 214 illustrates a memory-to-stream configuration.

In this example, the Nios II processor and descriptor table are in the FPGA. Data from

an external DDR2 SDRAM is read by the SG-DMA controller and written to an

on-chip streaming peripheral.

Figure 21-4. Example of Memory-to-Stream Configuration
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