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Introduction
The Ethernet Lite MAC (Media Access Controller) is 
designed to incorporate the applicable features 
described in the IEEE Std. 802.3 Media Independent 
Interface (MII) specification, which should be used as 
the definitive specification. Differences between the 
IEEE Std. 802.3 MII interface specification and the 
Xilinx Ethernet Lite MAC implementation are 
highlighted and explained in the Specification 
Exceptions section.

The Ethernet Lite MAC Interface design is a soft 
intellectual property (IP) core designed for 
implementation in selected Xilinx Virtex and Spartan 
family FPGAs.

The Ethernet Lite MAC supports the IEEE Std. 802.3 
Media Independent Interface (MII) to industry 
standard Physical Layer (PHY) devices and 
communicates to a processor via an IBM On-Chip 
Peripheral Bus (OPB) interface. The design provides a 
10 Megabits per second (Mbps) and 100 Mbps (also 
known as Fast Ethernet) Interface. The goal is to 
provide the minimal functions necessary to provide an 
Ethernet interface with the least resources used.

Features
• 32-bit OPB slave interface

• Memory mapped direct I/O interface to the 
transmit and receive data dual port memory

• Media Independent Interface (MII) for connection to 
external 10/100 Mbps PHY transceivers

• Independent internal 2K byte Tx and Rx dual port 
memory for holding data for one packet each 
CSMA/CD com

• Optional dual buffer memories, 4K byte ping-pong, 
for Tx and Rx

LogiCORE™ Facts

Core Specifics

Supported Device 
Family

QPro™-R Virtex™-II, 
QPro Virtex-II, Spartan™-II, 

Spartan-IIE, Spartan-3, 
Spartan-3E, Virtex, Virtex-II, 

Virtex-II Pro, Virtex-4, Virtex-E

Version of Core opb_ethernetlite v1.01b

Resources Used

Min Max

I/O 99 100

LUTs 549 721

FFs 313 376

Block RAMs 2 4

Provided with Core

Documentation Product Specification

Design File Formats VHDL

Constraints File N/A

Verification N/A

Instantiation Template N/A

Reference Designs N/A

Design Tool Requirements

Xilinx Implementation 
Tools

6.2i or later

Verification ModelSim SE/EE 5.8b or later

Simulation ModelSim SE/EE 5.8b or later

Synthesis XST

Support

Provided by Xilinx, Inc.

• Receive and Transmit Interrupts

- Individual interrupt enable for Receive and 
Transmit

- Global device interrupt enable
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Functional Description
The OPB Ethernet Lite MAC is comprised of two IP blocks as shown in Figure 1. The IP Interface (IPIF) 
block is a subset of OPB bus interface features chosen from the full set of IPIF features to most 
efficiently couple the second block, the Ethernet Lite MAC core, to the OPB processor bus for this 
packet based interface (this combined entity is referred to as a device).

Although there are separate specifications for the IPIF design, this specification addresses the 
implementation required for the Ethernet Lite MAC design.

Figure 1:  OPB Ethernet Lite Block Diagram
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Ethernet Lite Device

Ethernet Protocol

Ethernet data is encapsulated in frames as shown in Figure 2 1. The fields in the frame are transmitted 
from left to right. The bits within the frame are transmitted from left to right (from least significant bit 
to most significant bit unless specified otherwise).

Preamble

The preamble field is used for synchronization and must contain seven bytes with the pattern 10101010. 
The pattern is transmitted from left to right. If a collision is detected during the transmission of the 
preamble or start of frame delimiter fields, the transmission of both fields will be completed.

For transmission, this field is always automatically inserted by the Ethernet Lite MAC and should 
never appear in the packet data provided to the Ethernet Lite MAC. For reception, this field is always 
stripped from the packet data.

Start Frame Delimiter

The start frame delimiter field marks the start of the frame and must contain the pattern 10101011. The 
pattern is transmitted from left to right. If a collision is detected during the transmission of the 
preamble or start of frame delimiter fields, the transmission of both fields will be completed. 

1. The Ethernet Lite MAC design does not support the Ethernet 8-byte preamble frame type
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The receive data valid signal from the PHY (RX_DV) may go active during the preamble but will be 
active prior to the start frame delimiter field. For transmission, this field is always automatically 
inserted by the Ethernet Lite MAC and should never appear in the packet data provided to the Ethernet 
Lite MAC. For reception, this field is always stripped from the packet data.

Destination Address

The destination address field is 6 bytes in length1. The least significant bit of the destination address is 
used to determine if the address is an individual/unicast (0) or group/multicast (1) address. Multicast 
addresses are used to group logically related stations.

The broadcast address (destination address field is all 1’s) is a multicast address that addresses all 
stations on the LAN. The Ethernet Lite MAC supports transmission and reception of unicast and 
broadcast packets. 

This field is transmitted with the least significant bit first. This field is always provided in the packet 
data for transmissions and is always retained in the receive packet data.

Source Address

The source address field is 6 bytes in length2. This field is transmitted with the least significant bit first. 
This field is always provided in the packet data for transmissions and is always retained in the receive 
packet data. 

Type/Length

The type/length field is 2 bytes in length. When used as a length field, the value in this field represents 
the number of bytes in the following data field. This value does not include any bytes that may have 
been inserted in the padding field following the data field. 

The value of this field determines if it should be interpreted as a length as defined by the IEEE 802.3 
standard or a type field as defined by the Ethernet protocol. 

The maximum length of a data field is 1,500 bytes. Therefore, a value in this field that exceeds 1,500 
(05DC hex) would indicates that a frame type rather than a length value is provided in this field. The 
IEEE 802.3 standard uses the value 1536 (0600 hex) or greater to signal a type field. 

The Ethernet Lite MAC does not perform any processing of the type/length field. 

This field is transmitted with the least significant bit first but with the high order byte first. This field is 
always provided in the packet data for transmissions and is always retained in the receive packet data.

Data

The data field may vary from 0 to 1500 bytes in length. This field is transmitted with the least significant 
bit first. This field is always provided in the packet data for transmissions and is always retained in the 
receive packet data. 

Pad

The pad field may vary from 0 to 46 bytes in length. This field is used to insure that the frame length is 
at least 64 bytes in length (the preamble and SFD fields are not considered part of the frame for this 
calculation) which is required for successful CSMA/CD operation. 

1. The Ethernet Lite MAC design does not support 16-bit destination addresses as defined in the IEEE 802 stan-
dard

2. The Ethernet Lite MAC design does not support 16-bit source addresses as defined in the IEEE 802 standard
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The values in this field are used in the frame check sequence calculation but are not included in the 
length field value if it is used. The length of this field and the data field combined must be at least 46 
bytes. If the data field contains 0 bytes, the pad field will be 46 bytes. If the data field is 46 bytes or more, 
the pad field will have 0 bytes.

For transmission, this field will be inserted automatically by the Ethernet Lite MAC if needed to meet 
the minimum length requirement. If present during receive packet, this field is always retained in the 
receive packet data.

FCS

The FCS field is 4 bytes in length. The value of the FCS field is calculated over the source address, 
destination address, length/type, data, and pad fields using a 32-bit Cyclic Redundancy Check (CRC) 
defined as1:

G(x) = x32 + x26 + x23 + x22 + x16 + x12 + x11 + x10 + x8 + x7 + x5 + x4 + x2 + x1 + x0

The CRC bits are placed in the FCS field with the x31 term in the left most bit of the first byte and the x0 
term is the right most bit of the last byte (i.e., the bits of the CRC are transmitted in the order x31, x30,..., 
x1, x0). 

The Ethernet Lite MAC implementation of the CRC algorithm calculates the CRC value a nibble at a 
time to coincide with the data size exchanged with the external PHY interface for each transmit and 
receive clock period.

For transmission, this field is always inserted automatically by the Ethernet Lite MAC and is always 
retained in the receive packet data.

Figure 2:  Ethernet Data Frame

Figure Top x-ref 2

Preamble
Start of Frame
Delimiter (SFD

Destination
Address

Source Address

64 - 1518 Bytes

Type/Length Data
Frame Check

Sequence
Pad

7 6 42 0 - 1500 0 - 4661

DS441_02_030306

Interframe Gap2 and Deferring

Frames are transmitted over the serial interface with an interframe gap which is specified by the IEEE 
Std. 802.3 to be 96 bit times (9.6 uS for 10 MHz and 0.96 uS for 100 MHz). The process for deferring is 
different for half-duplex and full-duplex systems and is as follows:

Half-Duplex

1. Even when it has nothing to transmit, the Ethernet Lite MAC monitors the bus for traffic by 
watching the carrier sense signal (CRS) from the external PHY. Whenever the bus is busy (CRS 
=’1’), the Ethernet Lite MAC defers to the passing frame by delaying any pending transmission of 
its own.

2. After the last bit of the passing frame (when carrier sense signal changes from true to false), the 
Ethernet Lite MAC starts the timing of the interframe gap.

3. The Ethernet Lite MAC will reset the interframe gap timer if carrier sense becomes true. 

1. Reference IEEE Std. 802.3 para. 3.2.8
2. Interframe Gap and interframe spacing are used interchangeably and are equivalent.
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Full-Duplex

1. The Ethernet Lite MAC does not use the carrier sense signal from the external PHY when in full 
duplex mode because the bus is not shared and only needs to monitor its own transmissions. After 
the last bit of an Ethernet Lite MAC transmission, the Ethernet Lite MAC starts the timing of the 
interframe gap.

Carrier sense multiple access with collision detection (CSMA/CD) access method

A full duplex Ethernet bus is by definition, a point to point dedicated connection between two Ethernet 
devices capable of simultaneous transmit and receive with no possibility of collisions.

For a half duplex Ethernet bus, the CSMA/CD media access method defines how two or more stations 
share a common bus. 

To transmit, a station waits (defers) for a quiet period on the bus (no other station is transmitting (CRS 
=’0’)) and then starts transmission of its message after the interframe gap period. 

If, after initiating a transmission, the message collides with the message of another station (COL -’1’), 
then each transmitting station intentionally continues to transmit (jam) for an additional predefined 
period (32 bit times for 10/100 Mbps) to ensure propagation of the collision throughout the system. 

The station remains silent for a random amount of time (backoff) before attempting to transmit again.

A station can experience a collision during the beginning of its transmission (the collision window) 
before its transmission has had time to propagate to all stations on the bus. Once the collision window 
has passed, a transmitting station has acquired the bus.

Subsequent collisions (late collisions) are avoided because all other (properly functioning) stations are 
assumed to have detected the transmission and are deferring to it.

The time to acquire the bus is based on the round-trip propagation time of the bus (64 byte times for 
10/100 Mbps).
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Transmit Flow

The flow chart in Figure 3 shows the high level flow followed for packet transmission.

Figure 3:  Transmit Flow
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Receive Flow

The flow chart in Figure 4 shows the high level flow followed for packet reception.

Figure 4:  Receive Flow
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Processor Interface

Single memory buffer Interface, C_TX_PING_PONG = C_RX_PING_PONG = 0

The Ethernet Lite MAC has a very simple interface to the processor without registers. The interface is 
implemented with a 32-bit wide data interface to a 4K byte block of dual port memory.
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The dual port memory is allocated so that 2K bytes are dedicated to the transmit function and 2K bytes 
are dedicated to the receive function. This memory is capable of holding one maximum length Ethernet 
packet in the receive and transmit memory areas simultaneously.

Transmit Interface

The transmit data should be stored in the dual port memory starting at address C_BASEADDR + 0x0. 
Due to the word aligned addressing, the second 4 bytes are located at C_BASEADDR + 0x4. The 32 bit 
interface requires that all 4 bytes be written at once, there is not individual byte enables within one 32 
bit word.

The transmit data must include the destination address (6 bytes), the source address (6 bytes), the 
type/length field (2 bytes), and the data field (0 -1500 bytes). The preamble, start of frame, and CRC 
should not be included in the dual port memory. The destination, source, type/length and data must be 
packed together in contiguous memory.

Dual port memory address BASEADDR + 0x07F8 is used to set the global interrupt enable (GIE) bit. 
Setting the GIE=’0’ prevents the IP2INTC_Irpt from going active during an interrupt event. Setting 
GIE=’1’ allows the IP2INTC_Irpt to go active when an interrupt event has occurred.

Dual port memory addresses BASEADDR + 0x07F4 is used to store the length (in bytes) of the transmit 
data stored in dual port memory. The higher 8 bits of the length value should be stored in data bits 16 
- 23, while the lower 8 bits should be stored data bits 24 - 31. 

The least two significant bits of dual port memory address BASEADDR + 0x07FC are control bits 
(Program or "P" and Status or "S") that will be described below. The fourth bit (bit 28 on the data bus) 
(Transmit Interrupt Enable or "I") is used to enable transmit complete interrupt events. This event is a 
pulse and will occur anytime the memory is ready to accept new data. This includes the completion of 
programing the MAC address. The transmit complete interrupt will occur only if GIE and this bit are 
both set to ’1’.

Figure 5:  Transmit Dual Port Memory
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The Ethernet Lite MAC requires that the length of the transmit data be stored in address offset 0x07F4 
before the software sets the status bit at offset 0x07FC.

The proper software sequence for initiating a transmit is as follows:

• The software stores the transmit data in the dual port memory starting at address offset 0x0.

• The software writes the length data in the dual port memory at address offset 0x07F4.

• The software writes a ’1’ to the Status bit at address offset 0x07FC (bit 31 on the data bus).

• The software monitors the Status bit and waits until it is set to ’0’ by the Ethernet Lite MAC before 
initiating another transmit.

• If the transmit interrupt and the global interrupt are both enabled, an interrupt will occur when the 
Ethernet Lite MAC clears the Status bit.

• The transmit interrupt if enabled will also occur with the completion on writing the MAC address

Setting the Status bit to a ’1’ initiates the Ethernet Lite MAC transmit which will perform the following 
functions:

• Generate the preamble and start of frame fields.

• Read the length and the specified amount of data out of the dual port memory according to the 
length value adding padding if required.

• Detect any collision and performing any jamming, backoff, and retry if necessary.

• Calculates the CRC and appends it to the end of the data.

• Clears the status bit at the completion of the transmission.

• Clearing the status bit will cause a transmit complete interrupt if enabled.

Transmit Ping-Pong

If C_TX_PING_PONG is set to 1 then two memory buffers exist for the transmit data. The original (ping 
transmit buffer) remains at the same memory address and controls the global interrupt enable. The 
second (pong buffer) is mapped at BASEADDR + 0x0800 through 0x0FFC. The length and status must 
be used in the pong buffer the same as in the ping buffer. The I bit and GIE bit are not used from the 
pong buffer (i.e., the I bit and GIE bit of the ping buffer alone control the I bit and GIE bit settings for 
both buffers). The MAC address may be set from the pong buffer. The transmitter will always empty 
the ping buffer first after a reset. Then if data is ready to be transmitted from the pong buffer that will 
occur. However, if the pong buffer is not ready to transmit data the Ethernet Lite MAC will begin to 
monitor both the ping and pong buffer and transmit which ever buffer is ready first. 

The proper software sequence for initiating a transmit with both a ping and pong buffer is as follows:

• The software stores the transmit data in the dual port memory starting at address offset 0x0.

• The software writes the length data in the dual port memory at address offset 0x07F4.

• The software writes a ’1’ to the Status bit at address offset 0x07FC (bit 31 on the data bus).

• The software may write to the pong buffer (0x0800 - 0x0FFC) at any time.

• The software monitors the Status bit in the ping buffer and waits until it is set to ’0’, or waits for a 
transmit complete interrupt, before filling the ping buffer again.

• If the transmit interrupt and the global interrupt are both enabled, an interrupt will occur when the 
Ethernet Lite MAC clears the Status bit.

• The transmit interrupt if enabled will also occur with the completion of writing the MAC address.
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Setting the Status bit to a ’1’ initiates the Ethernet Lite MAC transmit which will perform the following 
functions:

• Generate the preamble and start of frame fields.

• Read the length and the specified amount of data out of the dual port memory according to the 
length value adding padding if required.

• Detect any collision and performing any jamming, backoff, and retry if necessary.

• Calculates the CRC and appends it to the end of the data.

• Clears the status bit at the completion of the transmission.

• Clearing the status bit will cause a transmit complete interrupt if enabled.

• The hardware will than transmit the pong buffer if it is available, or begin monitoring both ping 
and pong buffers until data is available. 

MAC Address

The 48-bit MAC address defaults at reset to 00-00-5E-00-FA-CE. This value can be changed by 
performing an address program operation via the transmit dual port memory.

The proper software sequence for programming a new MAC address is as follows:

• The software loads the new MAC address, 4 bytes per write, in the transmit dual port memory 
starting at address offset 0x0. The most significant byte is stored at address offset 0x0 and the least 
significant byte is stored at address offset 0x4. The MAC address may also be programmed from the 
pong buffer starting at 0x0800.

• The software writes a ’1’ to both the Program bit (bit 30 on the data bus) and the Status bit (bit 31 on 
the data bus) at address offset 0x07FC. The pong buffer address is 0x0FFC.

• The software monitors the Status and Program bits and waits until they are set to "0"s before 
performing any additional Ethernet operations.

• A transmit complete interrupt, if enabled, will occur when the Status and Program bits are cleared.

Receive Interface

The entire received frame data from destination address to the end of the CRC is stored in the receive 
dual port memory area which starts at address BASEADDR + 0x1000. The preamble and start of frame 
fields are not stored in dual port memory.

Dual port memory address offset 0x17FC (bit 31 on the data bus) is used as a status to indicated the 
presence of a receive packet that is ready for processing by the software.

Dual port memory address offset 0x17FC (bit 28 on the data bus) is the Receive Interrupt enable. This 
event is a pulse and will occur anytime the memory has data available. The receive complete interrupt 
will occur only if GIE and this bit are both set to ’1’.

When the Status bit is ’0’, the Ethernet Lite MAC will monitor the ethernet for packets with a 
destination address that matches its MAC address or the broadcast address. If a packet satisfies either 
of these conditions, the packet is received and stored in dual port memory starting at address offset 
0x1000.

Once the packet has been received, the Ethernet Lite MAC verifies the CRC. If the CRC value is correct, 
the Status bit is set. If the CRC bit is incorrect, the status bit is not set and the Ethernet Lite MAC 
resumes monitoring the Ethernet bus.
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Once the Status bit is set, the Ethernet Lite MAC will not perform any receive operations until the bit 
has been cleared to ’0’ by software indicating that all of the receive data has been retrieved from the 
dual port memory.

Figure 6:  Receive Dual Port Memory
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.The proper software sequence for processing a receive is as follows:

• The software monitors the receive Status bit until it is set to ’1’ by the Ethernet Lite, waits for a 
receive complete interrupt if enabled

• Once the Status is set to ’1’, or a receive complete interrupt has occurred, the software reads the 
entire receive data out of the dual port memory.

• The software writes a ’0’ to the receive Status bit enabling the Ethernet Lite to resume receive 
processing.

Receive Ping-Pong

If C_RX_PING_PONG is set to ’1’ then two memory buffers exist for the receive data. The original (ping 
receive buffer) remains at the same memory location. The second (pong receiver buffer) is mapped at 
BASEADDR + 0x1800 through 0x1FFC. Data is stored the same in the pong buffer as it is in the ping 
buffer.

The proper software sequence for processing a receive packet(s) with C_RX_PING_PONG = 1 is as 
follows:

• The software monitors the ping receive Status bit until it is set to ’1’ by the Ethernet Lite, or waits 
for a receive complete interrupt if enabled

• Once the ping Status is set to ’1’, or a receive complete interrupt has occurred, the software reads 
the entire receive data out of the ping dual port memory.

• The Ethernet Lite will receive the next packet and store it in the pong receive buffer.

• The software writes a ’0’ to the ping receive Status bit enabling the Ethernet Lite to receive another 
packet in the ping receive buffer.

• The software monitors the pong receive Status bit until it is set to ’1’ by the Ethernet Lite, or waits 
for a receive complete interrupt if enabled.

• Once the pong Status is set to ’1’, or a receive complete interrupt has occurred, the software reads 
the entire receive data out of the ping dual port memory.

• The hardware will always write the first received packet after a reset to the ping buffer, the second 
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received packet will be written to the pong buffer and the third received packet will be written to 
the ping buffer.

Table  1:  OPB Ethernet LIte Memory Map  

Address Offset
Parameter 

Dependency
Memory Location Funtion

0x0000

Tx PING Buffer
C_TX_PING_PONG = '0' or 

'1'

Destination Address Bytes 0 - 3
or

MAC Address Bytes 0 - 3

0x0004

Destination Address Bytes 4 - 5

Source Address Bytes 0 - 1
or

MAC Address Bytes 4 - 5

0x0008 Source Address Bytes 2 - 5

0x000C
Type/Length Field

Data Field Bytes 0 - 1

0x0010 - 0x07F4 Remaining Data Field Bytes

0x07F4 Packet Length

0x07F8 Global Interrupt Enable

0x07FC Control

0x0800

Tx PONG Buffer
C_TX_PING_PONG = '1' 

else unused

Destination Address Bytes 0 - 3
or

MAC Address Bytes 0 - 3

0x0804

Destination Address Bytes 4 - 5

Source Address Bytes 0 - 1
or

MAC Address Bytes 4 - 5

0x0808 Source Address Bytes 2 - 5

0x080C
Type/Length Field

Data Field Bytes 0 - 1

0x0810 - 0x0FF4 Remaining Data Field Bytes

0x0FF4 Packet Length

0x0FF8 Unused

0x0FFC Control
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OPB Ethernet Lite MAC Design Parameters
To obtain an OPB Ethernet Lite MAC that is uniquely tailored to the user system requirements, certain 
features can be parameterized in the OPB Ethernet Lite MAC design. This allows a design that utilizes 
only the resources required by the system and runs at the best possible performance. The features that 
can be parameterized in the Xilinx OPB Ethernet Lite MAC design are shown in Table 2.

0x1000

Rx PING Buffer
C_RX_PING_PONG = '0' 

or '1'

Destination Address Bytes 0 - 3

0x1004
Destination Address Bytes 0 - 3

Source Address Bytes 4 - 5

0x1008 Source Address Bytes 2 - 5

0x100C
Type/Length Field

Data Field Bytes 0 - 1

0x1010 - 0x17F4 Remaining Data and CRC Field Bytes

0x17FC Control

0x1800

Rx PONG Buffer

C_RX_PING_PONG = '1' 
else unused

Destination Address Bytes 0 - 3

0x1804
Destination Address Bytes 4 - 5

Source Address Bytes 0 - 1

0x1808 Source Address Bytes 2 - 5

0x180C
Type/Length Field

Data Field Bytes 0 - 1

0x1810 - 0x1FF4 Remaining Data and CRC Field Bytes

0x1FFC Control

Table  2:  OPB Ethernet Lite MAC Design Parameters 

Generic
Feature / 

Description
Parameter 

Name
Allowable 

Values
Default 
Value

VHDL 
Type

Top Level

G1 Device family C_FAMILY

virtex, virtexe, 
spartan2, spartan2e, 
spartan3, virtex2, 
virtex2p, qvirtex2,
qrvirtex2, virtex-4

virtex2p string

G2
BUS clock period in 
pS

C_OPB_CLK_PERI
OD_PS

Requirements as 
stated in note 1

10000 integer

G3
Device base 
address

C_BASEADDR Valid Address range(4) None(2,3) std logic 
vector

G4
Device maximum 
address

C_HIGHADDR
Refer to Allowable 
Parameter 
Combinations section

None(2,3) std logic 
vector

Table  1:  OPB Ethernet LIte Memory Map  (Contd)

Address Offset
Parameter 

Dependency
Memory Location Funtion
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Allowable Parameter Combinations 

The OPB Ethernet Lite MAC is a synchronous design. Due to the state machine control architecture of 
receive and transmit operations, the OPB Clock must be greater than or equal to 50 MHz to allow 
Ethernet operation at 100 Mbps and greater than or equal to 5 MHz for Ethernet operation at 10 Mbps.

The address range specified by C_BASEADDR and C_HIGHADDR must be a power of 2, and 
C_HIGHADDR range must be at least 0x2000. For example, if C_BASEADDR = 0xE0000000, 
C_HIGHADDR must be at least = 0xE0001FFF. 

OPB Ethernet Lite MAC I/O Signals
The external I/O signals for the OPB Ethernet Lite MAC are listed in Table 3.

G5 Half duplex transmit C_DUPLEX

1 = only full duplex 
operation available
0 = only half duplex 
operation available

1 integer

G6
OPB address bus 
width(5) (in bits)

C_OPB_AWIDTH 32
32

integer

G7
OPB data bus 
width(5) (in bits)

C_OPB_DWIDTH 32 32 integer

G8
Include second 
transmit buffer

C_TX_PING_PONG

1 = two transmit 
buffers
0 = single memory 
transmit buffer

0 integer

G9
Include second 
receive buffer

C_RX_PING_PONG
1 = two receive buffers
0 = single memory 
receive buffer

0 integer

Notes: 
1. The OPB BUS clock frequency must be greater than or equal to 50 MHz for 100 Mbps Ethernet operation and 

greater than or equal to 5 MHz for 10 Mbps Ethernet operation.
2. No default value will be specified for values to insure that the actual value is set, i.e if the value is not set, a 

compiler error will be generated. The address range must be at least 1FFF.
3. For example, C_BASEADDR = 0xE0000000, C_HIGHADDR = 0xE0001FFF
4. Address range specified by C_BASEADDR and C_HIGHADDR must be at least 0X2000 and must be a power 

of 2. C_BASEADDR must be a multiple of the range, where the range is C_HIGHADDR - C_BASEADDR +1.
5. See the Processor IP Reference Guide under Part 1: Embedded Processor IP, under IPIF, under OPB IPIF 

Architecture.

Table  3:  OPB Ethernet Lite MAC I/O Signals 

Port Signal Name Interface I/O
Initial 
State

Description

Ethernet Lite MAC Signals

P1 PHY_rx_data(3:0) System I
Ethernet receive data. Input 
from I/O block registers

P2 PHY_tx_data(3:0) System O 0000
Ethernet transmit data. 
Output to I/O block registers

Table  2:  OPB Ethernet Lite MAC Design Parameters (Contd)

Generic
Feature / 

Description
Parameter 

Name
Allowable 

Values
Default 
Value

VHDL 
Type
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OPB Ethernet Lite MAC Port Dependencies
The width of some of the Ethernet Lite MAC signals depend on parameters selected in the design. The 
dependencies between the design parameters and I/O signals are shown in Table 4.

P3 PHY_dv System I
Ethernet receive data valid. 
Input from I/O block register

P4 PHY_rx_er System I
Ethernet receive error. Input 
from I/O block register

P5 PHY_tx_en System O 0
Ethernet transmit enable. 
Output to I/O block register

P6 PHY_tx_clk System I
Ethernet transmit clock 
input from input buffer

P7 PHY_rx_clk System I
Ethernet receive clock input 
from input buffer

P8 PHY_crs System I
Ethernet carrier sense input 
from input buffer

P9 PHY_col System I
Ethernet collision input from 
input buffer

P10 PHY_rst_n System O 1
Ethernet PHY reset 

output to output buffer
OPB Signals

P11 Sln_DBus(0:C_OPB_DWIDTH-1) OPB O 0 slave output data bus

P12 Sln_xferAck OPB O 0 slave transfer acknowledge

P13 Sln_Retry OPB O 0 slave retry

P14 Sln_ToutSup OPB O 0 slave timeout suppress

P15 Sln_ErrAck OPB O 0 slave error acknowledge 

P16 OPB_ABus(0:C_OPB_AWIDTH-1) OPB I OPB address bus

P17 OPB_BE(0:3) OPB I OPB byte enables

P18 OPB_DBus(0:C_OPB_DWIDTH-1) OPB I OPB data bus

P19 OPB_RNW OPB I
Read not Write (OR of all 
master RNW signals)

P20 OPB_select OPB I
Master has taken control of 
the bus (OR of all master 
selects)

P21 OPB_seqAddr OPB I OPB sequential address 

System

P22 OPB_Clk System I System clock

P23 OPB_Rst System I System Reset (active high)

P24 IP2INTC_Irpt System O System Interrupt

Table  3:  OPB Ethernet Lite MAC I/O Signals (Contd)

Port Signal Name Interface I/O
Initial 
State

Description
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Table  4:  OPB Ethernet Lite MAC Parameter Port Dependencies 

Generic 
or Port

Name Affects Depends Relationship Description

Design Parameters

G6 C_OPB_AWIDTH P16 Specifies the Address Bus width

G7 C_OPB_DWIDTH P11, P18 Specifies the Data Bus width

I/O Signals

P11
Sln_DBus(0:C_OPB_ 
DWIDTH-1)

G7
Width varies with the size of the Data 
bus.

P16
OPB_ABus(0:C_OPB_ 
AWIDTH-1)

G6
Width varies with the size of the 
Address bus. 

P18
OPB_DBus(0:C_OPB_ 
DWIDTH-1)

G7
Width varies with the size of the Data 
bus.

Clocks
The Ethernet Lite MAC design has three clock domains that are all asynchronous to each other. The 
clock domain diagram for the Ethernet Lite is shown in Figure 7. These clock domains and any special 
requirements regarding them are discussed below.

Figure 7:  Ethernet Lite Clock Domain Diagram

Figure Top x-ref 7
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Ethernet Lite MAC IP

IPIF
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IPIF Interface

MII Interface
(to external PHY)

DS441_07_030306

Transmit Clock

The transmit clock [TX_CLK] is generated by the external PHY and must be used by the Ethernet Lite 
MAC to provide transmit data [TXD (3:0)] and control signals [TX_EN and TX_ER] to the PHY. 
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The PHY provides one clock cycle for each nibble of data transferred resulting in a 2.5 MHz clock for 
10BASE-T operation and 25 MHz for 100BASE-T operation at +/- 100 ppm with a duty cycle of 
between 35% and 65% inclusive. The PHY derives this clock from an external oscillator or crystal.

Receive Clock

The receive clock [RX_CLK] is also generated by the external PHY but is derived from the incoming 
Ethernet traffic. Like the transmit clock, the PHY provides one clock cycle for each nibble of data 
transferred resulting in a 2.5 MHz clock for 10BASE-T operation and 25 MHz for 100BASE-T operation 
with a duty cycle of between 35% and 65% inclusive while incoming data is valid [RX_DV is ’1’]. 

The minimum high and low times of the receive clock are at least 35% of the nominal period under all 
conditions. The receive clock is used by the Ethernet Lite MAC to sample the receive data [RXD(3:0)] 
and control signals [RX_DV and RX_ER] from the PHY.

Processor Bus Clock

The majority of the Ethernet Lite MAC operation functions in the processor bus clock domain. This 
clock must be greater than or equal to 50 MHz in order to transmit and receive Ethernet data at 100 
Mbps and greater than or equal to 5 MHz in order to transmit and receive Ethernet data at 10 Mbps.

PHY Interface Signals

PHY_RST_N

Many PHY devices require that they be held in reset for some period after power becomes valid in 
order for the PHY device to be operational following the power-up sequence. The PHY_rst_n signal is 
an active low reset which is tied directly to the OPB bus reset signal (OPB_Rst). This output signal may 
be connected to the active low reset input of a PHY device.

TX_EN

The Ethernet Lite MAC uses the Transmit Enable signal (TX_EN) to indicate to the PHY that it is 
providing nibbles at the MII interface for transmission. It is asserted synchronously to TX_CLK with 
the first nibble of the preamble and remains asserted while all nibbles have been transmitted. TX_EN is 
negated prior to the first TX_CLK following the final nibble of a frame. 

This signal is transferred between the TX_CLK and processor clock domains at the asynchronous TX 
bus FIFO interface. The clock to output delay of this signal must be 0 to 25 nS. Figure 8 shows TX_EN 
timing during a transmission with no collisions.

Figure 8:  Transmission with no Collision

Figure Top x-ref 8
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TX_CLK
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TXD(3:0)

The Ethernet Lite MAC drives the Transmit Data bus TXD(3:0) synchronously to TX_CLK. TXD(0) is 
the least significant bit. The PHY will transmit the value of TXD on every clock cycle that TX_EN is 
asserted.

This bus is transferred between the TX_CLK and processor clock domains at the asynchronous TX bus 
FIFO interface. The clock to output delay of this signal must be 0 to 25 nS. The order of the bits, nibbles, 
and bytes for transmit and receive are shown in Figure 9.

Figure 9:  Byte/Nibble Transmit and Receive Order

Figure Top x-ref 9
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RX_DV

The PHY drives the Receive Data Valid (RX_DV) signal to indicate that the PHY is driving recovered 
and decoded nibbles on the RXD(3:0) bus and that the data on RXD(3:0) is synchronous to RX_CLK. 
RX_DV is driven synchronously to RX_CLK. RX_DV remains asserted continuously from the first 
recovered nibble of the frame through the final recovered nibble and is negated prior to the first 
RX_CLK that follows the final nibble.

In order for a received frame to be correctly received by the Ethernet Lite MAC, RX_DV must 
encompass the frame, starting no later than the Start-of-Frame Delimiter (SFD) and excluding any 
End-of-Frame delimiter.

This signal is transferred between the RX_CLK and processor clock domains at the asynchronous RX 
bus FIFO interface. The PHY will provide a minimum of 10 nS setup and hold time for this signal in 
reference to RX_CLK. Figure 10 shows the behavior of RX_DV during frame reception.

Figure 10:  Receive With No Errors

Figure Top x-ref 10
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RXD(3:0)

The PHY drives the Receive Data bus RXD(3:0) synchronously to RX_CLK. RXD(3:0) contains 
recovered data for each RX_CLK period in which RX_DV is asserted. RXD(0) is the least significant bit. 
The Ethernet Lite MAC must not be affected by RXD(3:0) while RX_DV is de-asserted.
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Also, the Ethernet Lite MAC should ignore a special condition that occurs while RX_DV is de-asserted 
when the PHY may provide a False Carrier indication by asserting the RX_ER signal while driving the 
value 1110 onto RXD(3:0). This bus is transferred between the RX_CLK and processor clock domains at 
the asynchronous RX bus FIFO interface. The PHY will provide a minimum of 10 nS setup and hold 
time for this signal in reference to RX_CLK.

RX_ER

The PHY drives the Receive Error signal (RX_ER) synchronously to RX_CLK. The PHY drives RX_ER 
for one or more RX_CLK periods to indicate that an error (e.g., a coding error, or any error that the PHY 
is capable of detecting) was detected somewhere in the frame presently being transferred from the PHY 
to the Ethernet Lite MAC.

RX_ER should have no effect on the Ethernet Lite MAC while RX_DV is de-asserted. This signal is 
transferred between the RX_CLK and processor clock domains at the asynchronous RX bus FIFO 
interface.

The PHY will provide a minimum of 10 nS setup and hold time for this signal in reference to RX_CLK. 
Figure 11 shows the behavior of RX_ER during frame reception with errors.

Figure 11:  Receive With Errors

Figure Top x-ref 11

RX_CLK

RX_DV

RX_ER

RXD[3:0] preamble SFD D0 D1 xx D3 CRC

DS441_11_030306

Table 5 shows the possible combinations for the receive signals.

Table  5:  Possible Values for RX_DV, RX_ER, and RXD[3:0]

RX_DV RX_ER RXD(3:0) Indication

0 0 0000 through 1111 Normal inter-frame

0 1 0000 Normal inter-frame

0 1 0001 through 1101 Reserved

0 1 1110 False carrier indication

CRS

The PHY drives the Carrier Sense signal (CRS) active to indicate that either the transmit or receive is 
non-idle when operating in half duplex mode. CRS is de-asserted when both the transmit and receive 
are idle.

The PHY drives CRS asserted throughout the duration of a collision condition. CRS is not synchronous 
to either the TX_CLK or the RX_CLK. The CRS signal is not used in full duplex mode. The CRS signal 
is used by both the Ethernet Lite MAC transmit and receive circuitry and is double synchronized to the 
processor clock as it enters the Ethernet Lite MAC.
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COL

The PHY drives the Collision detected signal (COL) active to indicate the detection of a collision on the 
bus. The PHY drives CRS asserted while the collision condition persists. The PHY also drives COL 
asserted when operating at 10 Mbps for signal_quality_error (SQE) testing. 

COL is not synchronous to either the TX_CLK or the RX_CLK. The COL signal is not used in full 
duplex mode. The COL signal is used by both the Ethernet Lite MAC transmit and receive circuitry and 
is double synchronized to the processor clock as it enters the Ethernet Lite MAC. Figure 12 shows the 
behavior of COL during frame transmission with a collision.

Figure 12:  Transmission With Collision

Figure Top x-ref 12

TX_CLK

TX_EN

TXD[3:0]

CRS

COL

0 Preamble JAM 0

DS441_12_030306

Receive Address Validation
Destination addresses are classified as either unicast (a single station address indicated by the I/G bit 
=’0’), multicast (a group of stations indicated by the I/G bit =’1’), and the multicast subgroup broadcast 
(all stations on the network). The Ethernet Lite MAC accepts messages addressed to its unicast address 
and the broadcast address.

Design Constraints
The Ethernet Lite MAC Core requires design constraints to guarantee performance. These constraints 
should be placed in a.UCF file for the top level of the design. The following example of the constraint 
text is based on the port names of the Ethernet Lite MAC core. If these ports are mapped to FPGA pin 
names that are different, the FPGA pin names should be substituted for the port names in the examples 
in the table below.

NET "phy_rx_clk" TNM_NET = "RXCLK_GRP";

NET "phy_rx_clk" TNM_NET = "RXCLK_GRP";

TIMESPEC "TSTXOUT" = FROM "TXCLK_GRP" TO "PADS" 10 ns;

TIMESPEC "TSRXIN" = FROM "PADS" TO "RXCLK_GRP" 6 ns;

NET "opb_rst" TIG;

NET "phy_rx_clk" USELOWSKEWLINES; 1

NET "phy_tx_clk" USELOWSKEWLINES; 1

NET "phy_tx_clk" MAXSKEW= 2.0 ns; 2

NET "phy_rx_clk" MAXSKEW= 2.0 ns; 2

NET "phy_tx_clk" MAXSKEW= 1.0 ns; 3

NET "phy_rx_clk" MAXSKEW= 1.0 ns; 3

NET "phy_rx_clk" PERIOD = 40 ns HIGH 14 ns;
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Design Implementation

Design Tools 

Xilinx’s ISE is the synthesis, map and place and route tool used for the OPB Ethernet Lite MAC design.

Target Technology

The intended target technologies are selected Xilinx Virtex family and Spartan family FPGAs.

Device Utilization and Performance Benchmarks

Because the Ethernet Lite MAC is a module that will be used with other design pieces in the FPGA, the 
utilization and timing numbers reported in this section are just estimates. 

As the Ethernet Lite MAC is combined with other pieces of the FPGA design, the utilization of FPGA 
resources and timing of the Ethernet Lite MAC design will vary from the results reported here.

In order to analyze the Ethernet Lite MAC timing within the FPGA, a design was created that 
instantiated the OPB Ethernet Lite MAC with the following parameters set.

NET "phy_tx_clk" PERIOD = 40 ns HIGH 14 ns;

NET "phy_rx_data<3>" NODELAY; 1

NET "phy_rx_data<2>" NODELAY; 1

NET "phy_rx_data<1>" NODELAY; 1

NET "phy_rx_data<0>" NODELAY; 1

NET "phy_rx_data<0>" NODELAY; 1

NET "phy_dv" NODELAY; 1

NET "phy_rx_er" NODELAY; 1

NET "phy_crs" NODELAY; 1

NET "phy_col" NODELAY; 1

NET "phy_rx_data<3>" IOBDELAY=NONE; 3

NET "phy_rx_data<2>" IOBDELAY=NONE; 3

NET "phy_rx_data<1>" IOBDELAY=NONE; 3

NET "phy_rx_data<0>" IOBDELAY=NONE; 3

NET "phy_dv" IOBDELAY=NONE; 3

NET "phy_rx_er" IOBDELAY=NONE; 3

NET "phy_crs" IOBDELAY=NONE; 3

NET "phy_col" IOBDELAY=NONE; 3

Notes:

1. Use for Virtex, Virtex-E, Spartan-II, or Spartan-IIE devices only.
2. Use for all devices except Virtex-4.
3. Use for Virtex-4 only.
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The OPB Ethernet Lite MAC benchmarks are shown in Table 6 for a Virtex-II Pro XC2VP20-7 ff896

Table  6:  Ethernet Lite MAC Performance and Resource Utilization  

Parameter Device Resources
fMAX
(MHz)C_DUPLEX

C_RX_PING_
PONG

C_TX_PING_
PONG

Slices
Slice Flip- 

Flops
BRAMS

4-input 
LUTs

1 (Full) 0 0 362 313 2 549 126.02

1 (Full) 0 1 384 315 3 595 130.00

1 (Full) 1 0 379 315 3 586 127.95

1 (Full) 1 1 388 317 4 600 127.08

0 (Half) 0 0 429 372 2 661 133.10

0 (Half) 1 1 455 376 4 721 125.45

.

Specification Exceptions 

No Exceptions

The Ethernet Lite MAC design currently has no exceptions to the mandatory IEEE Std. 802.3 MII 
interface requirements.

Reference Documents
The following document contains reference information important to understanding the Ethernet Lite 
MAC design:

• IEEE Std. 802.3

Revision History

Date Version Revision

05/28/02 1.0 Initial Xilinx release

06/19/02 1.1 Update

06/24/02 1.2 Update for EDK 1.0

06/24/02 1.3 Update for corrections

07/23/02 1.4 Add XCO parameter section for System Generator

11/07/02 1.5 Update design constraints section

01/08/03 1.6 Update for EDK SP3

07/24/03 1.7 Update to new template

11/07/03 1.8 Add Spartan 3 to device family per CR 179445

01/27/04 1.9 Update tm and copyright 

03/12/04 2.0 Add interrupt narrative; Hardware revision

05/04/04 2.1 Update Device Utilization table(s)

05/26/04 2.2 Update Receive Ping Pong and Top Level Block Diagram

06/10/04 2.2.1 Add note to Design Constraints section

08/19/04 2.3 Updated for Gmm; updated trademarks and supported device family listing.
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10/01/04 2.4
1) Updated with opb ipif v 3.01a

2) Added phy_rst_n pin (CR id 190196)

3/11/05 2.5
Converted to new DS template; updated images to Xilinx graphic standards; 
updated supported device family listing and trademarks; updated FPGA pin 
names/port names substitution list in the Design Constraints section.

7/19/05 2.6 Incorporated CR203990, CR209050, and CR209051.

12/1/05 2.7 Added Spartan-3E to supported device listing.

3/3/06 2.8 Updated images to graphic standard, imported correct image into Figure 10.
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