


10-Gbps Ethernet Reference Design
● Management data input/output (MDIO) master interface for 
PHY device management

● 64-bit wide FIFO or no-FIFO interface to application logic based 
on the Avalon® Streaming (Avalon-ST) interface

■ 10-Gbps full-duplex throughput rate
● Flow control by programmable pause quanta
● Pause frame generation controllable by user applications, 

enabling flexible traffic flow control
● Parameterizable FIFO size (64 bytes to 64 Kbytes) and 

programmable threshold levels
● Programmable MAC addresses and receive packet filtering 

based on up to one unicast, one multicast and broadcast 
destination MAC address, and one destination VLAN address

■ Programmable maximum frame length up to 16 Kbytes, including 
jumbo frames (1,519 to 9,600 bytes)

■ Support for promiscuous (transparent) and non-promiscuous 
(filtered) modes

■ Support for virtual local area network (VLAN) and stacked VLAN 
tagged frames according to the IEEE 802.IQ standard

■ Management interface and loopback for system test—optional local 
or line loopback on the XGMII 

■ Statistics counters supporting RMON (RFC 2819), Ethernet type MIB 
(RFC 3635), and interface group MIB (RFC 2863) 

■ Filtering of frames with errors
■ Easy-to-use MegaWizard® interface for parameterization
■ IP functional simulation models for use in Altera-supported VHDL 

and Verilog HDL simulators

General 
Description

The 10-Gbps Ethernet reference design provides an integrated Ethernet 
MAC, PCS, and PMA solution for Ethernet applications. The reference 
design works in full-duplex mode and supports both switching and 
network interface card (NIC) or line-card applications, by providing 
transparent and full Ethernet frame termination and generation. 

Figure 1 shows the 10-Gbps Ethernet Reference Design block diagram. 
The function comprises the following main blocks: MAC and PCS. All 
blocks are parameterizable at synthesis time. A memory-mapped register 
interface controls the MAC and PCS blocks. 
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Verification
Figure 1. Block Diagram

For the local interface, the reference design provides standard Avalon-ST 
interfaces, to allow interoperability with other Avalon-ST components. A 
host processor can manage the reference design via a separate Avalon 
Memory-Mapped (Avalon-MM) interface that provides access to the 
control register space. For the PHY interface, the reference design can 
seamlessly connect to any industry standard 10-Gb Ethernet PHY device 
via XGMII or XAUI (Stratix II GX or Stratix IV devices only). 

Figure 2 shows an example application using the reference design as a 
stand-alone MAC without the PCS and PMA, serving as a bridge between 
the user application and Ethernet PHY devices. 

Figure 2. Stand-Alone 10-Gbps Ethernet MAC

Verification Altera verified the 10-Gbps Ethernet reference design through extensive 
in-house simulation and internal hardware verification. 
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10-Gbps Ethernet Reference Design
Altera used a highly parameterizeable transaction-based testbench to test 
the following aspects of the reference design:

■ Register access
■ Management data input and output (MDIO) access
■ Frame transmission and error handling
■ Frame reception and error handling
■ Received ethernet frame MAC address filtering
■ Flow control

Altera has also validated the reference design with copper and optical 
media using the Spirent SmartBits and the following Altera development 
boards:

■ Stratix II GX video development board
■ Stratix II GX PCI Express development board

In the copper medium, Altera tested the reference design with an external 
10GBASE-CX4 PHY devices, a CX4 switch and CX4 test equipment; in the 
optical medium, Altera tested the 10-Gbps Ethernet reference design with 
a 10-Gbps X2 PHY board and two X2 optical pluggable modules 
interfacing to standard test equipment. 

f For more information on X2, refer to www.X2msa.org.

For hardware testing, a 10-Gbps Ethernet MAC, PCS, PMA, and an 
internal system design are implemented in the FPGA. The internal system 
retrieves all frames received from the test equipment by the MAC 
function and returns them to the sender by manipulating the address 
fields, implementing a loopback at the internal system interface of the 
MAC. 

Performance 
and Resource 
Utilization

Table 3 shows the typical expected performance for different parameters, 
using the Quartus II software version 8.0 targeting a Stratix II GX 
(EP2SGX30DF780C3) device.
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