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Application Note 483

Triple Speed Ethernet Data
Path Reference Design

Introduction The Altera® Triple Speed Ethernet (TSE) data path reference design 
provides a sample SOPC Builder system using the Altera TSE MegaCore® 
function with two serial transceivers. This reference design demonstrates 
the operation of the Altera TSE MegaCore function up to the maximum 
wire-speed performance in hardware. The design enables you to evaluate 
the TSE MegaCore function for integration into Altera FPGA designs.

The reference design has the following features:

■ Uses very few pieces of hardware for a complete test: a Stratix® II GX 
PCI Express development kit, two small form pluggable (SFP) 
modules, an Ethernet cable assembly, a PC, and a USB-Blaster™ or 
ByteBlaster™ cable assembly

■ Implements two instances of the Altera TSE MegaCore function and 
supports 10/100/1000 Mbps Ethernet operations in SGMII mode 
with auto-negotiation

■ Supports programmable settings such as the number of packets, 
packet length, payload data type, and source and destination MAC 
addresses

■ Demonstrates sending and receiving Ethernet packets up to the 
maximum theoretical data rates without errors

■ Supports external loopback via SFP modules with CAT5 Ethernet 
cable assembly and optionally through an Ethernet switch

■ Provides a command line interface (CLI) to control the design and 
monitor TX and RX packet statistics results

■ Provides serial interfaces to configure Copper SFP module Ethernet 
PHY

General 
Description

The reference design demonstrates a fully operational subsystem that 
integrates two Altera TSE MegaCore functions (MAC + PCS + PMA) for 
Ethernet applications. The design uses the Stratix II GX PCI Express 
Development Kit as a hardware platform, which includes two SFP cages. 
The reference design also comes with software that includes drivers, 
programming information, and a CLI to conduct the demonstrations or 
tests.

This reference design interfaces the TSE MegaCore function with a 
Copper SFP module via a 1.25 Gbps serial transceiver that enables all 10, 
100, and 1000 Mbps Ethernet operations using SGMII mode. The 
reference design sends a stream of Ethernet packets to the TSE MegaCore 
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function. The TSE MegaCore function in turn sends out those packets to 
the SFP modules and out to the cable where the Ethernet packets are 
looped back externally via SFP modules with an Ethernet cable assembly 
or through an Ethernet switch. The reference design can demonstrate the 
operation of the TSE MegaCore function in various modes with live 
traffic up to the maximum throughput rate and show the error rate in the 
receiver, if any.

Reference 
Design Overview

The reference design provides a general platform that enables you to 
control, test, and monitor different speeds of Ethernet operations. The 
reference design is developed using SOPC Builder. Figure 1 shows a 
high-level block diagram of the reference design.
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Figure 1. Reference Design System Block Diagram
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Figure 2 shows the SOPC Builder setup that is used to generate this 
system.

Figure 2. Reference Design SOPC Builder Set-Up

The following sections provide brief descriptions of each of the 
components used in the reference design.



Altera Corporation  5
Preliminary

Reference Design Overview

Nios II Processor

The Nios II processor is used as a control plane component for setting up 
and configuring the reference design system components. The processor 
also begins the Ethernet packet generation and monitors the status of the 
packet reception.

On-Chip Memory

This reference design uses an on-chip memory block size of 256 Kbytes. 
The memory is used as an SOPC system RAM for software code storage.

JTAG UART

The JTAG UART core transfers serial character streams between a Nios II 
processor and an SOPC Builder system. The core provides a simple 
register-mapped Avalon® interface that hides the complexities of the 
JTAG interface. The Nios II processor communicates with the core by 
reading and writing control and data registers.

Phase-Locked Loop

The phase-locked loop (PLL) core takes an input clock from a 100 MHz 
crystal on the development kit and generates an 83.33 MHz PLL output 
clock as a system-wide clock source for the SOPC Builder system.

Parallel Input/Output

The parallel input/output (PIO) core provides general-purpose I/O ports 
that connect to the 1000BASE-T Copper SFP module’s Two-Wire Serial 
Interface (TWSI). The PIO core provides easy I/O access to the 
1000BASE-T Copper SFP module’s PHY registers using a “bit banging” 
approach that conforms to the TWSI protocol.

Triple Speed Ethernet MegaCore Function

The TSE MegaCore function provides an integrated Ethernet MAC, PCS, 
and PMA solution for Ethernet applications. The megafunction transmits 
the Ethernet packets from the Avalon Streaming (Avalon-ST) interface to 
a 1.25 Gbps serial transceiver interface that is built in the Stratix II GX 
device and receives packets from the opposite direction.
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Ethernet Packet Generator

The Ethernet Packet Generator block is an SOPC custom component 
created using the component editor. It has an Avalon Memory-Mapped 
(Avalon-MM) slave interface on one side for control purposes and an 
Avalon-ST source interface on the other side for sending Ethernet packets 
to the TSE MegaCore function. This block drives the TSE MegaCore 
function Transmit FIFO interface by generating a stream of Ethernet 
packets into it.

Ethernet Packet Monitor

The Ethernet Packet Monitor block is an SOPC custom component 
created using the component editor. It has an Avalon-MM slave interface 
on one side for control purposes and an Avalon-ST sink interface on the 
other side for the data path. This block is fed a stream of Ethernet packets 
by the TSE MegaCore function Receive FIFO interface. The Ethernet 
Packet Monitor also verifies the accuracy of the received payload.

Interval Timer

The interval timer core is a 32-bit timer used by the Nios II processor 
system to calculate the performance and throughput rate of various 
Ethernet operations.

Functional 
Description

This section describes the operations of the following modules in the TSE 
reference design, in addition to memory and register maps and signals:

■ “Ethernet Packet Generation”
■ “Ethernet Packet Reception and Verification” on page 9
■ “Interfacing with the Physical Medium” on page 11
■ “Ethernet Packet Loopback Operations” on page 11
■ “Memory Map” on page 13
■ “Register Maps” on page 14
■ “Interface Signal Descriptions” on page 19

Ethernet Packet Generation

The Ethernet packets are generated by the Ethernet Packet Generator 
block within the reference design. Figure 3 shows a high-level block 
diagram of the Ethernet Packet Generator block.
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Figure 3. Ethernet Packet Generator Block Diagram

This module consists of the following components:

■ Avalon-MM Register File
■ Ethernet Packet Generation Block
■ Altera CRC Compiler Generator MegaCore Function
■ Shift Register (RAM-based) Megafunction

The Avalon-MM Register File component provides a register interface for 
the system to configure all the parameters and settings necessary to start 
the Ethernet packet generation. Through this register interface, the 
system can configure programmable settings such as the following:

■ The total number of packets to be transmitted
■ Incremental or random data type
■ Fixed or random packet length
■ The source and destination MAC address
■ A random seed for the PRBS block

In addition, the Avalon-MM Register File provides the status of the 
transmit operation and reports the number of packets that were 
successfully transmitted. Refer to Table 2 on page 14 for details on the 
Ethernet Packet Generator register descriptions.

After the system has finished configuring all the registers’ settings and 
the start bit of the operation register is set to 1, the Ethernet Packet 
Generator starts generating a stream of Ethernet packets to the TSE 
MegaCore function. Setting this start bit starts the state machine of the 
Ethernet Packet Generation Block by generating an Ethernet packet 
header together with a data payload for the number of packets 
programmed. The start bit also acts as a soft reset to the Ethernet Packet 
Generator block and resets the state machine along with all the 
generator’s status registers before the generation.
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If you want to stop the operation before it is finished, you can issue a 
write to set the stop bit of the operation register, causing the current 
running operation to terminate. When the stop bit is asserted, the state 
machine finishes generating the current packet and then stops the 
operation.

Every packet generated by the Ethernet Packet Generation Block is then 
sent to the CRC Generator MegaCore function for checksum calculation 
and to the RAM-based Shift Register megafunction. The RAM-based Shift 
Register is used to temporarily store the packet while it waits to be 
merged with the calculated checksum output by the CRC Generator 
MegaCore function. After the merging of a valid CRC checksum with the 
packet stream is done, the complete frame is sent to the Avalon-ST 
interface.

The main advantage of embedding a CRC checksum into the generated 
packet is the ease of packet verification on the receive interface, as there 
is a possibility of an Ethernet packet getting dropped. If a packet is 
dropped, the system is able to continue verifying the incoming packets 
based on the embedded CRC checksum without being interrupted. The 
system is also able to provide the total number of packets received.

The packet that the Ethernet Packet Generator generates is a standard 
Ethernet packet with the exception of a 7-byte Preamble, 1-byte Start 
Frame Delimiter (SFD), and 4-byte MAC-calculated Frame Check 
Sequence (FCS). The generated frame format of the Ethernet Packet 
Generator is shown in Figure 4.

Figure 4. Ethernet Packet Generation Frame Format

The destination and source MAC addresses are programmable through a 
register interface. You can set the destination MAC address to be a 
Unicast or Broadcast address. If Unicast packets are transmitted, the 
destination MAC address must have the same value as the receiving TSE 
MAC address of the reference design. The source MAC address must be 
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programmed with the same value as the transmitting TSE MAC address. 
This practice ensures the receiving end of the TSE MegaCore function of 
the reference design always receives the correct packets and can verify the 
contents.

The packet length of each packet generated can be fixed at a 
programmable value or a random packet size. A programmable fixed 
packet length can range from 24 to 9600 bytes, while a random packet 
length can range from 24 to 1518 bytes. Any frame length that is less than 
64 bytes is automatically padded by the TSE MegaCore function with 
padding bytes (0x00) to make it at least 64 bytes long.

The data payload can be either incremental or pseudo-random. If the 
incremental data type is selected, the payload’s data value starts from 
0x00 and continues with 0x01, 0x02, and so forth. However, if the 
pseudo-random data type is selected, the random value generated from 
the PRBS block is used as the contents of the payload. The random seed 
used by the PRBS block is programmable via the rand_seed0 and 
rand_seed1 registers in the register file. The PRBS polynomial used is 
PRBS23 (223-1).

Note that the 2-byte sequence number and 4-byte CRC checksum are part 
of the packet payload for this reference design. The sequence number is 
stored in the first two bytes of every packet payload and is used to keep 
track of the sequence of packets received for debugging purposes. The 
CRC checksum calculated by the CRC Generator MegaCore function is 
stored in the last four bytes of every packet payload. The checksum 
ensures the data integrity of the packets that start from Ethernet Packet 
Generator and end in the Ethernet Packet Monitor. The minimum 
payload length for this reference design is therefore six bytes.

Ethernet Packet Reception and Verification

The Ethernet packets that are sent from the TSE MegaCore function RX 
FIFO interface are received by the Ethernet Packet Monitor block within 
the reference design. Their payloads are then verified. Figure 5 shows a 
block diagram of the Ethernet Packet Monitor.
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Figure 5. Ethernet Packet Monitor Block Diagram

This module consists of the following components:

■ Avalon-MM Register File
■ Altera CRC Compiler Checker MegaCore Function

The Avalon-MM Register File component provides a register interface for 
the system to configure the settings necessary to start and monitor the 
Ethernet packet reception. Through this register interface, the system can 
configure the total number of packets to be received. It also provides the 
status of the receive operation and a set of statistics counters on the 
number of good packets received, number of bad packets received, 
number of bytes and cycles received for performance, and the throughput 
rate. Refer to Table 5 on page 16 for descriptions of the fields in the 
Ethernet Packet Monitor register.

After the register interface is configured, the Ethernet Packet Monitor 
must be enabled before the packets can be received. Setting the Start bit 
of the receive_ctrl_status register resets the packet reception 
statistics counters and enables the monitor to receive incoming packets.

When the Stop bit of the receive_ctrl_status register is asserted, 
the monitor stops receiving packets and stops updating the statistics 
counters.

The Ethernet packets that have been looped back to another instance of 
the TSE MegaCore function in the reference design are streamed directly 
to the CRC Checker MegaCore function within the Ethernet Packet 
Monitor module. The module calculates the CRC checksum based on the 
received packet and verifies the value against the checksum value 
embedded in the last four bytes of the packet payload. It then outputs a 
status that identifies whether the packet received is good or corrupted 
and updates the statistics registers accordingly.



Altera Corporation  41
Preliminary

Programming with POF

4. Double-click on the Flash device (CFI_512MB) and select the 
supplied POF (tse_ref_design_top.pof) in the same directory or the 
newly generated flash image POF.

5. Turn on Program/Configure for the EPM570GT100 and CFI_512MB 
devices.

Figure 18. Programming Flash Window

6. Click Start and wait for the flash to be programmed.

1 If the “Device 1 silicon ID is not ready” messages appear after 
“Performing verification of type Nominal on device(s)” (as 
shown in Figure 19), press the nCONFIG button (S1) on the 
development board to start the programming. This message 
appears with boards that have already had their flash 
programmed.

Figure 19. Device Not Ready Messages 
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