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Disclaimers

Lattice makes no warranty, representation, or guarantee regarding the accuracy of information contained in this document or the suitability of its
products for any particular purpose. All information herein is provided AS IS, with all faults, and all associated risk is the responsibility entirely of the
Buyer. The information provided herein is for informational purposes only and may contain technical inaccuracies or omissions, and may be otherwise
rendered inaccurate for many reasons, and Lattice assumes no obligation to update or otherwise correct or revise this information. Products sold by
Lattice have been subject to limited testing and it is the Buyer's responsibility to independently determine the suitability of any products and to test
and verify the same. LATTICE PRODUCTS AND SERVICES ARE NOT DESIGNED, MANUFACTURED, OR TESTED FOR USE IN LIFE OR SAFETY CRITICAL
SYSTEMS, HAZARDOUS ENVIRONMENTS, OR ANY OTHER ENVIRONMENTS REQUIRING FAIL-SAFE PERFORMANCE, INCLUDING ANY APPLICATION IN
WHICH THE FAILURE OF THE PRODUCT OR SERVICE COULD LEAD TO DEATH, PERSONAL INJURY, SEVERE PROPERTY DAMAGE OR ENVIRONMENTAL
HARM (COLLECTIVELY, "HIGH-RISK USES"). FURTHER, BUYER MUST TAKE PRUDENT STEPS TO PROTECT AGAINST PRODUCT AND SERVICE FAILURES,
INCLUDING PROVIDING APPROPRIATE REDUNDANCIES, FAIL-SAFE FEATURES, AND/OR SHUT-DOWN MECHANISMS. LATTICE EXPRESSLY DISCLAIMS
ANY EXPRESS OR IMPLIED WARRANTY OF FITNESS OF THE PRODUCTS OR SERVICES FOR HIGH-RISK USES. The information provided in this document
is proprietary to Lattice Semiconductor, and Lattice reserves the right to make any changes to the information in this document or to any products at
any time without notice.

Inclusive Language

This document was created consistent with Lattice Semiconductor’s inclusive language policy. In some cases, the language in underlying tools and
other items may not yet have been updated. Please refer to Lattice’s inclusive language FAQ 6878 for a cross reference of terms. Note in some cases
such as register names and state names it has been necessary to continue to utilize older terminology for compatibility.
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Abbreviations in This Document

A list of abbreviations used in this document.

Abbreviation Definition
APB Advanced Peripheral Bus
AXl4-Lite Advanced eXtensible Interface 4 Lite

AXI4-Stream/AX14S

Advanced eXtensible Interface 4 Stream

CRC

Cyclic Redundancy Check

DA Destination Address

DFE Decision Feedback Equalizer
DIC Deficit Idle Count

EBR Embedded Block RAM

FCS Frame Check Sequence

FIFO First-In First-Out

GPLL Generic Phase-Locked Loop
IFG Inter-Frame Gap

LINTR Lattice Interrupt Interface
LUT Look-Up Table

L/T Length/Type

MAC Media Access Controller
MDIO Management Data Input/Output
MMD MDIO Manageable Device
MTU Maximum Transmission Unit
PCS Physical Coding Sublayer

PHY Physical Layer Device

PMA Physical Medium Attachment
PTP Precision Time Protocol

SA Source Address

SFD Start Frame Delimiter

SOF Start of Frame

ToD Time of Day

TSU Timestamp Unit

XGMII 10-Gigabit Media Independent Interface
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1. Introduction

1.1. Overview of the IP

The Lattice Semiconductor 10G Ethernet (GbE) IP core supports the ability to transmit and receive data between a host
processor and an Ethernet network. The 10GbE IP core consists of the 10-Gigabit Media Independent Interface (XGMII),
which connects media access controllers (MACs) and Physical Layer devices (PHYs). The main function of the 10GbE
MAC is to ensure that the media access rules specified in the 802.3 IEEE standards are met while transmitting a frame
of data over an Ethernet. On the receiver side, the Ethernet MAC extracts the different components of a frame and
transfers them to higher applications through an AXI4-Stream interface. The PHY implements the physical coding
sublayer (PCS) and physical medium attachment (PMA) functionality based on the IEEE 802.3 10GBASE-R specification.

The following figure shows an example of a 10GBASE-R application. The 10GbE MAC is connected to the 10GbE PHY
within the 10G Ethernet IP core through the XGMII interface. The clock source to the Ethernet MAC is from
xg_tx_gclk_o[0] (clock output from the Ethernet PHY).

10G Ethernet IP Core

il AN AXl4-Stream XGMII Serial
/ N Interface Interface Interface
[ Higher Application / \* 10G Ethernet PHY
\ User Logic ] 10G Ethernet MAC 10GBASE-R
AN , > configured >
N s,

Figure 1.1. 10GBASE-R Application

1.2. Quick Facts
The following table provides quick facts about the 10G Ethernet IP core.

Table 1.1. Summary of the 10G Ethernet IP

CertusPro™-NX

(Speed grade 9 only for PHY support) Avant™-AT-G and Avant-AT-X

Supported Devices

e MAConly
e MAConly
) . e PHYonly
IP Requirements IP Option o PHY only
e  MAC + PHY + 1588
e  MAC+PHY

e  MAC+PHY

For a list of changes to the IP, refer to the 10G Ethernet IP Release Notes

2
IP Changes (FPGA-RN-02031).

Supported User Interface | AXI4-Stream/APB/AXI4-Lite interface.

Resource Utilization

Resources See Appendix A. Resource Utilization.
Lattice Implementation IP core v3.4.0—Lattice Radiant™ software 2025.2 or later.
Design Tool Support Synthesis Synopsys® Synplify Pro® software, 0-2018.09LR-SP1.
. . For the list of supported simulators, see the Lattice Radiant Software User
Simulation .
Guide.
. Refer to the 2.5G, 10G, and 25G Ethernet Driver API Reference (FPGA-TN-
Driver Support API| Reference 02375)

Notes:
1. PHY + MAC + 1588 option currently only supports 2-step mode. The 2-step hardware validation and 1-step mode is planned for
future milestones.
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2. Insome instances, the IP may be updated without changes to the user guide. This user guide may reflect an earlier IP version
but remains fully compatible with the later IP version. Refer to the IP Release Notes for the latest updates.
1.3. IP Support Summary

The following table provides IP support information on the 10G Ethernet IP core.

Table 1.2. 10G Ethernet IP Support Readiness

Device Family Mode Radiant Timing Model | Hardware Validated
Avant-AT-G/X MAC only, PHY only, MAC + PHY Preliminary Yes
CertusPro-NX MAC only, PHY only Final Yes

MAC + PHY + 1588 Final No

1.4. Features
The 10G Ethernet IP core offers the following key features:
MAC

PHY

Compliant to the IEEE 802.3-2012 standard

Supports standard 10 Gbps Ethernet link layer data rate

64-bit wide internal datapath operating at 156.25 MHz

AXI4-Stream interface on the client’s transmit and receive interfaces
Supports deficit idle count (DIC)

Supports VLAN and Jumbo frames of 9,600 bytes

Custom preamble mode*

Independent TX and RX Maximum Transmission Unit (MTU) frame length
Comprehensive statistics support

Optional frame check sequence (FCS) generation on transmission
Optional FCS stripping during reception

Optional multicast address filtering

Programmable Inter-Frame Gap

Supports flow control using pause frames

Automatic padding of short frames

Inter-Frame Stretch Mode during transmission

Supports full-duplex operation

Advanced Peripheral Bus (APB) interface or AXl4-Lite interface for register access
Supports 8-bit/16-bit GMII or 4-bit MIl to and from PHY layer
Programmable promiscuous (transparent) mode

* Note: Only supported by XGMII interface.

Designed to the IEEE 802.3-2012 10GBASE-R specification

64b/66b encoding and decoding

XGMII interface: 64-bit, 156.25 MHz

Supports AXl4-Lite and management data input/output for PCS

TX phase FIFO and RX clock compensation FIFO (CertusPro-NX devices only)
Support APB interfaces (CertusPro-NX devices only)

Support FCFEC
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MAC + PHY + 1588 (CertusPro-NX)
e Timestamping support as specified in the IEEE 1588v2 (2-step mode)

1.5. Licensing and Ordering Information
The 10G Ethernet IP is available with Lattice Radiant Subscription Software. To purchase the Lattice Radiant Subscription
license, contact Lattice Sales or go to the Lattice Online Store.

1.5.1. Hardware Evaluation

The 10G Ethernet IP core supports Lattice’s IP hardware evaluation capability when used with CertusPro-NX,
Avant-AT-G, and Avant-AT-X devices. The hardware evaluation capability enables you to create versions of the IP core
that operate in hardware for a limited period (approximately four hours) without requiring the purchase of an IP
license. It may also be used to evaluate the core in hardware in user-defined designs. The hardware evaluation
capability may be enabled or disabled in the Strategy dialog box. It is enabled by default. To change this setting, go to
Project > Active Strategy > Synplify Pro Settings.

1.6. Hardware Support

Refer to the Example Design section for more information on the boards used.

1.7. Minimum Device Requirements

The minimum device requirements for the 10G Ethernet IP core are as follows:

Table 1.3. Minimum Device Requirements for 10G Ethernet IP Core

Devices Speed Grades
Avant-AT-G/X All speed grades
CertusPro-NX Speed grade 9

1.8. Naming Conventions

1.8.1. Nomenclature

The nomenclature used in this document is based on Verilog HDL.

1.8.2. Signal Names

Signal names that end with:

e _nare active low signals (asserted when value is logic 0)
e _jareinput signals

e _oareoutput signals

e o are bi-directional input/output signals
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2. Functional Description

2.1. MAC + PHY (Avant Devices)

2.1.1. IP Architecture Overview

The 10G Ethernet IP core transmits and receives data between a host processor and an Ethernet network. With the
MAC + PHY option selected, the IP consists of a MAC and a PHY that is connected through the XGMII internally.

This IP option is supported on Avant-AT-G and Avant-AT-X devices.

For Lane Merging details, refer to the Lane Merging (Avant Devices) section.

2.1.2. Block Diagram

]

| i

|

| |10G Ethernet MAC IP Core 10G Ethernet PHY IP Core |

|

|

| Generic SERDES Foundation IP }

L AXI4-Stream Adapter MAC Core — 10GBASE-R configured |
AXM4-Siream | |

} RX MAC MPPHYX4 |

| XGMIl PCS PMA |
Statistic vector) }

cletiene | Management Statistics Gther Coftrols/ Status I Serial

| counter } Interface

} TX MAC Management RCM |

| AXl4-Lite CSR . R

| L, AXI4-Lite CSR |

! |

|

I

|

|

|

|

Mux | AXl4-Lite or APB
AXI4-Lite_ or APB] f
|

Figure 2.1. 10GbE MAC + PHY IP Core Block Diagram

Development Board
Avant FPGA
Iscc_ten_gbe_phy_mac Fabric
»|txmac_clk_i
E10G MAC
»|rxmac_clk_i
xg_tx_clk_i xg_rx_gclk_o
. (recovered_clk)
»{xg_rx_clk_i E10G PHY »> LVDS HPIO
156.25 MHz
« xg_tx_gclk_o reclk[p,n]_i
156.25 MHz <
Cleaned 156.25 MHz reference clock 156.25 MHz | Feedback recovered clock
Clock Jitter Cleaners

Figure 2.2. 10GbE MAC + PHY IP Core SyncE Block Diagram
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2.1.3. Management Block
The Management block can be accessed through the AXIl4-Lite or APB interface when the MAC + PHY option is selected.

For more details about the management blocks in MAC and PHY respectively, refer to the MAC Management Block and
PHY Management Block sections. For protocol timing details, refer to AMBA 4 AXI and ACE Protocol Specification issue
H or AMBA 3 APB Protocol version 1.0 Specification.

2.2. MAC

2.2.1. IP Architecture Overview

The main function of the 10G Ethernet MAC IP is to ensure that the media access rules specified in the 802.3 IEEE
standards are met while transmitting a frame of data over an Ethernet. On the receiver side, the Ethernet MAC extracts
the different components of a frame and transfers them to higher applications through an AXI4-Stream interface.

2.2.2. Block Diagram

FPGA
10G Ethernet MAC Soft IP
10G Ethernet MAC IP Core Data
Packing ]
AXI4- 47‘64-b1t XGMII RX:
. Stream RX MAC XGMII |——8-/16-bit GMII RX-
(TP adapter [ T < 4-bit Mil RX
GMIl PHY
Interface
AX4- ‘
—64-bit-{»| :;’:’;':r T TXMAC xaMit [ | 775;1;1;i; ii‘%/zﬂ—»
Client-side » )
Interface 4-bit MIl RX——
Management Clock and | Clock
«— | 30t ACEY Reset
32-bit 8L Confial Statistics
L —TX Stgtistics Vectors-— < Reset
«-—RX Statistics Vectors---
Figure 2.3. 10G Ethernet MAC IP Core Block Diagram
2.2.3. Ethernet Data Format
The following figure shows an untagged Ethernet frame format.
Number
of Bytes 7 1 6 6 2 0-1500 0-46 4
Start of Frame | Destination Source Lenath/ Frame Check
Preamble Delimiter Address Address T esleT) Data Pad Sequence
(SFD) (DA) (SA) yp (FCS)
Figure 2.4. Untagged Ethernet Frame Format
The following figure shows a tagged Ethernet frame format.
Number
of Bytes 7 1 6 6 4 2 0-1500 0-46 4
Start of Frame | Destination Source Lenath/ Frame Check
Preamble Delimiter Address Address Tag T e%LIT) Data Pad Sequence
(SFD) (DA) (SA) yp (FCS)

Figure 2.5. Tagged Ethernet Frame Format
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The MAC is responsible for constructing a valid frame from the data received from the client before transmitting it. On
the receiver path, it receives frames from the network through XGMIl interface and passes the parameters of the frame
to the client through the AXI4-Stream interface.

The fields that are expected from the client-side interface can be one of the following:

e The frame contains the FCS along with the destination address (DA), source address (SA), length/type (L/T), and
data. The TX MAC adds the preamble and start frame delimiter (SFD) before transmitting the frame. This mode can
be set by enabling tx_pass_fcs bit in the TX_CTL register. For timing details, see the In-Band FCS Passing section.

e The TX MAC calculates the number of bytes to be padded as well (if required) in addition to the FCS for the entire
frame and adds the preamble and SFD before transmitting the frame. For timing details, see the Default Normal
Frame section.

e When tx_pass_pream bit is set in the TX_CTL register, the client supplies a custom data in the preamble and SFD
field. The TX MAC preserves the preamble field and passed it directly to physical layer. This applies to both cases
mentioned above. For timing details, see the Custom Preamble Passing section.

On the receiver path, the MAC can be programmed to transfer frame in one of the following cases:

e Transfer the frame after stripping off the FCS and any pad fields. This is the default settings of the RX MAC.

e Transfer the frame with the FCS field and any pad fields by setting the rx_pass_fc bit of RX_CTL register.

e Transfer the frame in promiscuous mode by setting the prms bit of RX_CTL register. This mode transfers all frames
it receives to the client rather than passing only the frames that is specifically programmed to receive.

In all cases, the preamble and SFD bytes are always stripped off the frame before it is transferred on the AXI4-Stream

interface unless the rx_pass_pream bit is set in the RX_CTL register. When rx_pass_pream bit is set, the RX MAC does
not check for the SFD.

2.2.4. Receive MAC

The Receive MAC receives the incoming frames and transfers them to the client via the AXI4-Stream interface. In the

process, it performs the following operations:

e  Checks the frame for a valid start of frame (SOF) and SFD symbol. This checking is disabled when RX is configured
to custom preamble mode.

o Determines whether the frame should be received by analyzing the DA.

e Determines the type of the frame by analyzing the length/type field.

e Checks for any errors in the frame by recalculating the CRC and comparing it with the expected value.

The RX MAC operation is determined by programming the MODE and RX_CTL registers.

You can specify whether the FCS field should be transferred on to the AXI4-Stream interface by programming the
rx_pass_fcs bit of RX_CTL register. If the FCS field is to be stripped off the frame, any padding bytes within the frame
are stripped off as well.

Once a valid SOF is detected, the DA field of the incoming frame is analyzed. If the DA field is a unicast address, it is

compared with the programmed MAC address. Unless the prms bit of RX_CTL register was set, the incoming frame is

discarded if the DA field and the programmed MAC address (MAC_ADDR_{0,1} registers) do not match. If the frame had

a multicast address and if receive_all_mc signal is not asserted, all such frames are dropped (except PAUSE frames). If

the frame had a multicast address and if receive_all_mc signal is asserted, the multicast frames are subject to the

following address filtering rules:

e  For all frames with multicast address, the CRC of the destination address is computed and the mid-six bits of the
least significant byte of the CRC is chosen as the address to a hash table. The 64-bit hash table is programmed in
the MC_TABLE_{0,1} registers. The MAC implements an eight-row table with eight bits in each row. The lower
three bits of the selected CRC are used to select one of these eight rows and the next three bits are used to select
one of the bits in the selected table. The incoming multicast frame is accepted if the bit selected from the hash
table is set to one. It is discarded if the bit selected is zero.

If the incoming frame had a broadcast address, it is accepted if either the prms or the receive_bc bit of RX_CTL register
is set. A broadcast frame is discarded if none of these bits are set.
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2.2.5. Transmit MAC

The Transmit MAC controls access to the physical medium. Its main functions are as follow:

e Data padding for short frames when FCS generation is enabled.

e Generation of a pause frame when the tx_pausreq bit of MAC_CTL register is asserted. The bit tx_fc_en of TX_CTL
register should be set to 1 to enable this feature.

e To stop frame transmission when a pause frame is received by the Receive MAC.

e Implement link fault signaling logic and transmit appropriate sequences based on the remote link status of the
TX_RX_STS register.

The TX MAC operation is determined by programming the MODE and TX_CTL registers.

By default, the Transmit MAC is configured to generate the FCS pattern for the frame to be transmitted. However, this
can be prevented by setting tx_pass_fcs bit of the TX_CTL register. This feature is useful if the frames being presented
for transmission already contain the FCS field. When FCS field generation by the MAC is disabled, ensure that short
frames are properly padded before the FCS is generated. If the MAC receives a frame to transmit that is shorter than 64
bytes when FCS generation is disabled, the frame is sent as is and a statistic vector for the condition is generated.

The DA, SA, L/T, and data fields are derived from higher applications through the AXI4-Stream interface and then
encapsulated into an un-tagged Ethernet frame. The frame encapsulation consists of adding the preamble bits, the SFD
bits, and the CRC check sum to the end of the frame. If transmit_short bit of TX_CTL register is not set, all short frames
are padded.

The frame is not sent over the network until the network has been idle for a minimum of Inter-Packet Gap (IPG) of 12
bytes. The IPG is adjustable through the tx_ipg field of the IPG_VAL register. The Transmit MAC uses DIC to reach an
average IPG of 8 bytes + (tx_ipg x 4 bytes). With the default tx_ipg value of 1, the Transmit MAC aims for an average
IPG of 12 bytes. For more information on DIC, refer to the IEEE 802.3-2012 Section 46.

The TX MAC requires a continuous stream of data for the entire frame. There cannot be any bubbles of no data transfer
within a frame. After the TX MAC is done transmitting a frame, it waits for more frames from the AXI4-Stream
interface. During this time, it goes to an idle state that can be detected by reading the TX_RX_STS register. Because the
MODE register can be written at any time, the TX MAC can be disabled while it is actively transmitting a frame. In such
cases, the MAC completely transmits the current frame and then return to the idle state. The control registers should
be programmed only after the MAC has returned to the IDLE state.

There are two different methods for transmitting a pause frame. In the first method, the application layer forms a
pause frame and submits it for transmission via the AXI4-Stream interface. In the other method, the application layer
signals the TX MAC directly to transmit a pause frame. This is accomplished by asserting tx_pausreq bit of MAC_CTL
register. In this case, the TX MAC completes the transmission of the current packet and then transmit a pause frame
with the pause time value supplied through the tx_paustim bits of the PAUSE_TMR register.

2.2.6. Receive AXI4-Stream Interface

The receive client-side interface supports the AXI4-Stream interface.

AXl4-Stream RX Adapter

4—axis_rx_tdata_o[63:0]— P
<4—axis_rx_tkeep_o[7:0]— E—Internal FIFO Interface——
«4——axis_rx_tvalid_o
4——axis_rx_tlast_o

Figure 2.6. AXI4-Stream RX Adapter Interface Diagram
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2.2.6.1. Default Normal Frame

The following figure shows the timing diagram of a default normal frame at the Receive AXI4-Stream interface:

e TO0: MAC asserts axis_rx_tvalid_o to indicate start of frame. The valid packet includes from the DA field up to the
end of the data field.

e T1: MAC asserts axis_rx_tlast_o to indicate last packet transfer.
e T2: MAC deasserts axis_rx_tvalid_o when there is no next packet transfer.

T0 T T2
L L L L LSS L L e
axis_rx_tvalid o )
axis_rx_tdata_of7:0] paXsaX b Xo X0 XbXbS§ D0 X0 D
axis_rx_tdata_o[15:8] X paXsaX b XoXbp XpXb S {bpXob D
axis_rx_tdata_o[23:16] X paXsaX b X o Xbp XpXbSybpXo0D
axis_rx_tdata_o[31:24] pAXsaX b X b Xbp XboXb Sy b Xob
axis_rx_tdata_o[39:32] pA Xt X o X o X b Xbo Xb Sy b XD
axis_rx_tdata_o[47:40] X oa Xt X o X o X b XoXb S {bpXob
axis_rx_tdata_o[55:48] X saX o X o XoXbpXpoXb S {bpXob
axis_rx_tdata_o[63:56] X saX o Xp XoXbpXpXbSybpXo0D
axis_rx_tkeep_o[7:0] OXFF §)  oxrr Xoxo3
axis_rx_tlast o 59
axis_rx_tuser o* ¢

Toggled signal

Figure 2.7. Normal Frame Reception
* Note: Under normal circumstances, the axis_rx_tuser_o signal must not be toggled when there is no error. However,

if an error occurs and the axis_rx_tuser_o signal is toggled, you must check on the status signal—rx_statvec_o
signal.
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The following figure shows the timing diagram of a back-to-back frame at the Receive AXI4-Stream interface:

e TO: MAC asserts axis_rx_tvalid_o to indicate start of frame. The valid packet starts from the DA field up to the end
of the data field.

e T1: MAC asserts axis_rx_tlast_o to indicate last packet transfer.
e  T2: MAC still asserts the axis_rx_tvalid_o to indicate another packet transfer.

TO T1 T2
L L LSS L L L L
axis_rx_tvalid o 5 §
axis_rx_tdata_o[7:0] paXsaX b Xbp §0 b X0 p XoaXsaX o
axis_rx_tdata_o[15:8] paXsaX o X b S b Xob p X paXsaXop§
axis_rx_tdata_o[23:16] paXsaX o X b S b Xob pa X sa X b §
axis_rx_tdata_o[31:24] paXsaX b Xbp S o X0 pA X sa X b §
axis_rx_tdata_o[39:32] pa Xt X o X oSS o X0 pA X Lt X b §
axis_rx_tdata_o[47:40] pa Xt X b X b §0 b X0 pa X Lt X b §
axis_rx_tdata_o[55:48] saX o Xbp Xb S o X0 saX b X b
axis_rx_tdata_o[63:56] saX o Xp Xb S pXob saX b X b
axis_rx_tkeep_o[7:0] OXFF NS oxF 0x03 OXFF §
axis_rx_tlast_o 59 S
axis_re_tuser_o* N w0 5
Toggled signal

Figure 2.8. Back-to-back Frames Reception

* Note: Under normal circumstances, the axis_rx_tuser_o signal must not be toggled when there is no error. However,
if an error occurs and the axis_rx_tuser_o signal is toggled, you must check on the status signal—rx_statvec_o
signal.
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The following figure shows the timing diagram of a frame with in-band FCS. The FCS field is included inside the valid

frame.

axis_rx_tvalid_o

axis_rx_tdata_o[7:0]

axis_rx_tdata_o[15:8]

axis_rx_tdata_o[23:16]

axis_rx_tdata_o[31:24]

axis_rx_tdata_o0[39:32]

axis_rx_tdata_o[47:40]

axis_rx_tdata_o[55:48]

axis_rx_tdata_o[63:56]

axis_rx_tkeep_o[7:0]

axis_rx_tlast_o

axis_rx_tuser_o*

' I I O B o A
. 5
paXsaX b X o XpoXboXb Sy b XD FCIS
paXsaX b X o Xo XoXboSY o X o Xres
paXsaX o Xp X0 XD XDS)0X0
paXsaf D XpXboX0XbS5) X0
paXtr ko X o X o Xb X055 pXo
pa kur X o X o X o XD XoS)pXo
saX b Xp Xp XoXboXbo S o Xrcs
saX o X o XoXp X0 Xb S o Xres
OXFF §0  oxF 0x03
5
N

Figure 2.9. Frame Reception with In-Band FCS Passing

* Note: Under normal circumstances, the axis_rx_tuser_o signal must not be toggled when there is no error. However,
if an error occurs and the axis_rx_tuser_o signal is toggled, you must check on the status signal—rx_statvec_o

signal.
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The following figure shows the timing diagram of a frame with custom preamble mode enabled. A custom preamble
(CP) field is included inside the valid frame.
Note: Custom preamble mode is only supported by XGMII interface.

L

axis_rx_tvalid_o

T0

T

L L L L LSS L U

T2

L

L L L

5

axis_rx_tdata_o[7:0]

axis_rx_tdata_o[15:8]

axis_rx_tdata_o[23:16]

axis_rx_tdata_o[31:24]

axis_rx_tdata_0[39:32]

axis_rx_tdata_o[47:40]

axis_rx_tdata_o[55:48]

axis_rx_tdata_o[63:56]

axis_rx_tkeep_o[7:0]

oxrBX bA X sa X b X o X o X b §§Y b X b D
cP XoaXsaX b X o Xbp XbpS§SpXob D
cP XoaXsaX b X o Xbp XbpS§S o Xob
ce XoaXsaXp X o Xbp XbpS§S o Xob
ce Xoa Xt X o X o X b XpS§Y o Xob
ce Xoa Xt X o X o X b Xp§S o Xob
cP XsaX o X o XboXbpXbp Sl pXob
cP XsaX b Xp XboXbpXbp Sl bpXob
OXFF §§  oxFF 0x03

axis_rx_tlast_o

5

axis_rx_tuser_o*

5

v

y———

Toggled signal

Figure 2.10. Reception with Custom Preamble

* Note: Under normal circumstances, the axis_rx_tuser_o signal must not be toggled when there is no error. However,
if an error occurs and the axis_rx_tuser_o signal is toggled, you must check on the status signal—rx_statvec_o

signal.

2.2.7. Transmit AXl4-Stream Interface

The transmit client-side interface supports the AXI4-Stream interface.

——axis_tx_tdata_i[63:0]—
——axis_tx_tkeep_i[7:0]—
axis_tx_tvalid_i——
axis_tx_tlast i—
4——axis_tx_tready_o

AXIl4-Stream TX Adapter

»
——Internal FIFO Interface—t

Figure 2.11. AXI4-Stream TX Adapter Interface Diagram
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The following figure shows the timing diagram of a default normal frame at the Transmit AXI4-Stream interface:

e TO: Client asserts axis_tx_tvalid_i to indicate the start of packet transfer. It must hold the data and axis_tx_tvalid_i
until axis_tx_tready_o asserts.

e T1: Client continues to send data once it sees axis_tx_tready_o asserted.
e T2:Client asserts axis_tx_tlast_i to indicate last packet transfer.
e T3:Client deasserts axis_tx_tvalid_i when there is no packet transfer. Transmit MAC also deasserts

axis_tx_tready_o once it sees the last packet transfer (axis_tx_tlast_i = 1).

TO

axis_tx_tvalid_i

axis_tx_tready o

LS U

T3

LSS Uy

5

5

axis_tx_tdata_i[7:0]

axis_tx_tdata_i[15:8]

axis_tx_tdata_i[23:16]

axis_tx_tdata_i[31:24]

axis_tx_tdata_i[39:32]

axis_tx_tdata_i[47:40]

axis_tx_tdata_i[55:48]

axis_tx_tdata_i[63:56]

axis_tx_tkeep_i[7:0]

DA XsaX o X o Xnp §§{pXbXob

DA XsaX o XoXp§§{pXbXob

DA XsaX o Xp Xbo Sy pXbp

DA XsaX b Xbo Xbo§{pXob

DA Xur X o X o X o §YpoXob

DA XX o X o X oSy pXo

sa Ko XDpXDbXDSyoXo

sa KXo XDpADXDS)pXoD
OXFF §§  oxfF Xoxo3

axis_tx_tlast_i

5

axis_tx_tuser_i*

5w

—_———

Toggled signal

Figure 2.12. Default Normal Frame Transmission

* Note: You can inject the error by asserting the axis_tx_tuser_i signal during EOP. Otherwise, the axis_tx_tuser_i signal

must drive to low.
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2.2.7.2.In-Band FCS Passing

The following figure shows the timing diagram of a frame when In-Band FCS passing is enabled.

T0 T1 T2 T3
LS LSS
axis_tx_tvalid i 59
axis_tx_tready o 55
axis_tx_tdata_i[7:0] DA XsaX b XbpXbpS§boX b Xrcs
axis_tx_tdata_i[15:6] DA XsaX o X b X b S§boX b Xrcs
axis_tx_tdata_i[23:16] DA XsaXpo XoXbo (o Xo
axis_tx_tdata_if31:24] DA XsaX o XbpXb (b X0
axis._tx_tdata_i[39:32] DA Xt X o XoXbo (o Xo
axis_tx_tdata_i[47:40] DA XurX o XoXbo (o Xo
axis_tx_tdata_i[55:48] SA X o Xo Xbo XS o Xrcs
axis_tx_tdata_i[63:56] SA X o Xpo Xbo X o \§ o Xrcs
axis_tx_tkeep_i[7:0] OXFF SS OxFF 0x03
axis_tx_tlast i 9
axis_tx_tuser_* SS " N
Toggled signal

Figure 2.13. Transmission with In-Band FCS Passing

* Note: You can inject the error by asserting the axis_tx_tuser_i signal during EOP. Otherwise, the axis_tx_tuser_i signal
must drive to low.
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2.2.7.3. Custom Preamble Passing

The following figure shows the timing diagram of a frame when custom preamble passing is enabled.
Note: Custom preamble mode is only supported by XGMI!I interface.

T0 T1 20 T3
S LSS L L L
axis_tx_tvalid i 5§
axis_tx tready o | 99
axis_tx_tdata_i[7-0] OxFB XoaXsaX b Xb Sy b XbXob
axis_tx_tdata_i[15:6] cp XoaXsaX b0 Xbo 9o Xbp XD
axis_tx_tdata_i[23:16] cp XoaXsaX b Xb Sy b Xob
axis_tx_tdata_i[31:24] cp XoaXsaX b Xb Sy b Xob
axis_tx_tdata_i[39:32] cp Xoa Xt X b X b SYbpXob
axis_tx_tdata_i[47:40] cp Xoa Xt X o X b §YpXob
axis_tx_tdata_i[55:48] cp XsaX b Xb Xb Sy bpXob
axis_tx_tdata_i[63:56] cp XsaX o Xbo X0 boXob
axis_tx_tkeep_i[7:0] OXFF §9  oxrr Xoxo3
axis_tx_tlast i 59
axis_tx_tuser i* G >

Toggled signal

Figure 2.14. Transmission with Custom Preamble Passing

* Note: You can inject the error by asserting the axis_tx_tuser_i signal during EOP. Otherwise, the axis_tx_tuser_i signal
must drive to low.

2.2.8. Data Packing

This module converts between XGMII, GMII, and Ml interfaces. This is enabled when the Dynamic Speed Selection
attribute is enabled or if PHY interface is set to any of the following: 8-bit GMII, 16-bit GMII, or MIlI.

Data Packing

[@-8-/16-bit GMI| RX—

«64-bit XaMI—H Data Pack |&€—458/16—— Mux
| —4-bit Mll RX——

Figure 2.15. Receive Physical Interface for 8/6-bit GMII or Ml

The receiver side takes the 8-bit/16-bit GMII or 4-bit MIl and transforms it into XGMII packets. The transformation
process involves detection of the assertion of the RX data valid signal (gmii_rx_dv_i or gmii_16_rx_dv_i or mii_rx_dv_i).
It then replaces the first preamble symbol (0x55) to a start character (OxFB), pack the 4/8/16 bit data to a 64-bit data and
store the reconstructed 64-bit data to a first-in first-out (FIFO) data flow before it is sent out to the MAC layer. The
module also inserts an end-of-frame character (0xFD) when the data valid signal has deasserted.

www.latticesemi.com/legal


https://www.latticesemi.com/legal

= LATTICE

Data Unpacking

——=8-/16-bit GMI—p»

—64-bit XM Data Unpack 4/8/16—P> Demux

4-bit MlIl—p>

Figure 2.16. Transmit Physical Interface for 8/16-bit GMII or Mil

The transmitter side transfers the 64-bit XGMII data to 8-bit/16-bit GMII or 4-bit MIl data. When the module detects
the start character (0xFB), it asserts the TX data valid signal (gmii_tx_en_o or gmii_16_tx_en_o or mii_tx_en_o) and
replaces the start character (OxFB) to a preamble symbol (0x55). It then unpacks and stores the reconstructed 4/8/16-
bit data to a FIFO before it is sent out the PHY layer. When it detects the end-of-frame character (OxFD), the module
deasserts gmii_tx_en_o or gmii_16_tx_en_o or mii_tx_en_o signal and remove 0xFD character before transmitting the
data.

The IFG is longer than expected for 8-bit/16-bit GMII or 4-bit MIl mode because we are packing or unpacking from 64-
bit data to 4/8/16-bit data and vice versa.

2.2.9. MAC Management Block

The MAC Management block is accessed through the APB interface. This block is responsible for the following:

e  Configuration of the core

e Access to interrupt block

e Access to statistics counter

The various events that occur during the reception of a frame are also logged into the statistics vector signals
(rx_statvec_o) and the TX_RX_STS register. At the end of reception, the rx_staten_o signal is asserted to qualify the
rx_statvec_o signal. A vector is not generated for all those frames that are discarded (no address match or frame length
is less than 64 bytes) or ignored (you assert the ignore_pkt of MAC_CTL register). For every frame transmitted, a
statistics vector signals (tx_statvec_o) is generated, including all the statistical information collected in the process of
transmitting the frame. Data on tx_statvec_o is qualified by assertion of the tx_staten_o signal. These statistics can also
be accessed in the statistics counter when the Statistics Counter Register attribute is enabled.

For the timing details of the AMBA 3 APB protocol, refer to the AMBA 3 APB Protocol version 1.0 Specification.

2.3. PHY (Avant Devices)

2.3.1. IP Architecture Overview

The 10G Ethernet PHY IP core provides the XGMII interface to the MAC and follows the IEEE802.3 10GBASE-R standard.
It supports 64 bits of data and 8 bits of control signals for both the transmit and receive paths.

This IP core instantiates the MPPHY foundation IP configured as 1-Lane 64b/66b PCS and a Management block that
supports AXl4-Lite, or APB access to PCS registers. For more information on MPPHY foundation IP, refer to the Lattice
Avant SERDES/PCS User Guide (FPGA-TN-02313).

The functional description in this section is only applicable for 10G Ethernet PHY IP core on Avant-AT-G and Avant-AT-X
devices (LAV-AT-G70/X70).
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2.3.2. Block Diagram
The following figure shows the top-level block diagram of the 10G Ethernet PHY IP core.

10G Ethernet PHY IP Core

MPPHY Foundation IP
— configured as 10GBASE-R

< MPPHYX4
— <
XGMII > PCS PMA
Other Controls/ Status .
User Logic < 4 Serial Interface
Management
APB / AXI4-Lite -Lite >

Figure 2.17. 10G Ethernet PHY IP Core Block Diagram

2.3.3. Lane Merging (Avant Devices)

2.3.3.1. Overview

The LAV-AT-G/X70 silicon can have up to seven usable quads while the LAV-AT-G/X30 silicon have up to three usable
guads depending on the package. Each MPPHY block is a quad made up of four lanes (X4). Therefore, a single LAV-AT-
G/X70 device could theoretically contain up to 28 lanes across seven quads.

You can configure the quad to use each lane individually, enabling you to merge multiple MPPHY instances into a single
physical quad. This maximizes the usage of silicon resources in your design.

Note: Lane merging is only supported by LAV-AT-G70 and LAV-AT-X70 devices. For more information, refer to the Lattice
Avant-G/X MPPHY Module User Guide (FPGA-IPUG-02233).

2.3.3.2. Usage

The 10G Ethernet PHY IP core instantiates the MPPHY foundation IP configured with a 1X1 link width, which occupies a
single lane of a quad. By default, the Radiant software attempts to merge MPPHY instances to minimize the device
power consumption.

If you want to override this behavior and select specific locations for the MPPHY instances, you can set the LANE ID
configuration of the IP according to the number of quads you want to use.

To set the Lane ID, follow these steps:

1. Inthe Select IP Option field, select PHY only or MAC + PHY.

2. Inthe PCS Lane ID field, set the lane ID configuration of the IP as shown in the figure below. By default the ID is set
to AUTO. If AUTO lane ID is selected, the pin location assignment must be included in the sdc or Idc constraint file.
If the ID is not set to AUTO, in the case of a conflict between the Lane ID configuration and a top-level design port
constraint, the top-level design port constraint takes precedence, which means the Lane ID setting is ignored and a
warning message is shown.
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| Module/IP Block Wizard

Configure Component from IP eth_10g
Set the following parameters to configure this component,

Diagram phy Configure phy:
Property Value
2L GememlConfiguestion
AXIS M(E - Select IP Option MAC + PHY
. Host Interface AXlA-lite
s tuser o= TMACComfigumtion
pad_txn_of— Multicast Address Filtering
_EAX|4L S0 pad t)(p ol— TX Pause Frame Generation via Ports
—FpAxis S0 phy.init_done_ol— "SuttcGumterConfigurton
Statistics Counter Registers
—{axis_tx_tuser_i  pma_mx0_sigdet_hf_o}— - th 2
—pad_refclkn_i pma_rx0_sigdet_If_of— TX Statis
Tpadrefcke] RN s tammersoge
—pad_rxn_i rx_statvec_o[27:0]mm TX Amplitude Control [0 - 63] 24
— padirxpii tx_staten o}— TX Pre Curser [0-31] 0
. TX Post Cursor [0-31] 0
Tresetn statvec of27O)= " PMASetwpReceverSubgrowy
—{rxmac_clk_i xg_pcsrdy_of— RX Coupling Mode AC Coupling
1 SySbUS_CIk_i xg_rx_clk_o | RX Loss of Sig port Enable
. DFE Enable Enabled
—txmac_clk_i xg_rx_gclk_ol— o
xg_rxval_o—
xg_tx_clk_o—
FEC Mode Disabled
xg_tx_gclk_o[1:0]m
Fast Simulation Mode
PCS Lane ID AUTO
eth_10g ane
= Loopback Mode No Loopback
4 »

User Guide

Mo DRC issues are found.

< Back Generate Cancel

Figure 2.18. Set the Lane ID Configuration of the 10G Ethernet PHY IP Core

The Lane ID value is global for the entire device, starting at 0 from Lane 0 of the left-most quad, then incrementing up
to 27 for Lane 3 of the right-most quad for the largest package of LAV-AT-G/X70. An example of Lane ID numbering is
shown in the figure below.

MPPHY_MPQO || MPPHY_MPQ1

Lane ID Lane O Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7

Figure 2.19. Lane ID Numbering
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2.3.3.3. Lane Merging Report

During lane merging, the Post-Synthesis process produces a report file named mpphy_lane_assignment.mrf in the
project’s active implementation folder that shows how the MPPHY design instances were merged into the device
MPPHY quads. You can open the report file with any text editor.

_| mpphy_lane_assignment.mrf - Notepad - O X

File Edit Format View Help
MPLLB: -- un-assigned --

PPHYX4_MPQ@: new instance 'MPPHYX4_MPQ@_merge'
~~ Lane Assighment Within Quad ~~
Lane 3: 'inst2/lscc_ten_gbe_phy_mac_inst/genblkl.genblkl.u_ten_gbe_phy/mpphy_03A_inst/lscc_mpphy_inst/mpp_nonpipe_x1.u_nonpipe_x1' (
Assignment is due to:
- LANE_ID=3 parameter assignment
Lane 2: -- un-assigned --
Lane 1: -- un-assighed --
Lane @: 'instl/lscc_ten_gbe_phy_mac_inst/genblkl.genblkl.u_ten_gbe_phy/mpphy_03A_inst/lscc_mpphy_inst/mpp_nonpipe_x1.u_nonpipe_x1' (
Assignment is due to:
- auto-assigned

~~ PLL Assignment Within Quad (determined by protocol/data rate) ~~
MPLLA: inst2/lscc_ten_gbe_phy_mac_inst/genblkl.genblkl.u_ten_gbe_phy/mpphy_@3A_inst/lscc_mpphy_inst/mpp_nonpipe_x1.u_nonpipe_x1, in
MPLLB: -- un-assigned --

Figure 2.20. Lane Merging Report File

2.3.3.4. Restrictions and Limitations

To merge instances into the same quad, instances must abide by the following restrictions:

e Shared reference clock connection.

e  Shared LMMI clock and reset connections.

e Compatible PLL settings (this is protocol/data rate dependent, and will be configured by the IP Catalog tool)

e Compatible “per-quad” connections — a limited number of ports exposed on the MPPHY IP physically have only a
single instance on the silicon. These must be connected to the same net if it is an input, or have a maximum of one
connected per-quad if it is an output.

e All input must be driven by the same source. For output clock, use only the output clock from one instance of the
quad to drive the logic. For output clocks from other IP instance that is intended to be merged into the same quad,
do not use the clock to drive any logic. Refer to the table below.

Table 2.1. Shared Signal Mapping of 10G Ethernet IP to MPPHY for Lane Merging

MPPHY 10G Ethernet IP Direction
Immiclk_qgO0_i sysbus_clk_i Input
My gy nput
Immireset_n_q0_i reset_n_i Input
txoutgclk_pll0_q0_o xg_tx_gclk_o[0] Output
txoutgclk_pll1_q0_o xg_tx_gclk_o[1] Output

If any of these restrictions are violated, the Radiant software will not automatically merge the MPPHY instances into a
single quad. If user constraints or lane assignment forces incompatible MPPHY instances into the same quad, an error
message is issued, and the Radiant software flow will not continue past the Post-Synthesis stage.
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2.3.4. PHY Management Block

The PHY Management block is accessed through the AXI4-Lite or APB interface. This block is responsible for register
access of the PCS registers. While all the two interfaces (AXI4-Lite or APB) are available for PCS Module Registers

For PCS register access through AXI4-Lite, this soft IP requires the use of remapped addresses (0xAO00 — OXAOFC) as
AXl4-Lite addresses must be DWORD-aligned (0xA000, 0xA004, 0xA008, 0XA00C, and so on). To get the corresponding
AXl4-Lite addresses, you will need to left shift even-numbered PCS address once (or multiply by two) — the lower 2
bytes of the AXI4-Lite read/write data will be mapped to the even-numbered PCS register; while the upper 2 bytes of
the AXI4-Lite read/write data will be mapped to the subsequent odd-numbered PCS register.

For details and illustrations on how the AXI4-Lite address remapping works, refer to Table 2.2 and Figure 2.21.

Note: The read/write data values used in the following illustrations are just examples and are not the suggested register
values to be written. Because PCS registers are half-duplex, simultaneous write to/read from PCS registers
through AXIl4-Lite channels are not supported.

With APB interfaces, no address remapping is required. The actual PCS Module Registers addresses (0x5000 — 0x507F)
are used.

Table 2.2. AXI4-Lite to PCS Address and Data Conversion

axi4l_awaddr_i[31:0] | axi4l_wdata_i[31:0] / PCS Register . .
/ axi4l_araddr_i[31:0] axi4l_rdata_o[31:0] Address (16-bit) Access Types S [ VA s (1)

0x5000 RW 0x4455 = axi4l_wdata_i[15:0]
0xA000 0x22334455

0x5001 — Not available

0x5002 RW Oxccdd = axi4l_wdata_i[15:0]
0xA004 Oxaabbccdd - -

0x5003 RW Oxaabb = axi4l_wdata_i[31:16]

0x5004 RW 0x5577 = axi4l_wdata_i[15:0]
0xA008 0x11335577 - -

0x5005 RW 0x1133 = axi4l_wdata_i[31:16]

0x507E RO Read-only register
OxAOFC 0x8899eeff

0x507F RW 0x8899 = axi4l_wdata_i[31:16]
Address = A000 - byte2 | byte1 | byte0 Address = 5000 | byte3 | byte2 | bytel | byteO
Address = A004 - byte2 | byte1 | byte0 Address = 5001 | byte3 | byte2 byte0
Address = A008 - byte2 | byte1 | byte0 Address = 5002 | byte3 | byte2 | bytel | byte0
Address = A00C - byte2 | byte1 | byte0 Address = 5003 | byte3 | byte2 -E

Figure 2.21. Remapped Addresses for PCS Register Address through the AXlI4-Lite Interface
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2.3.5. Loopback Modes

2.3.5.1. Far End Parallel Loopback

The input signal is driven at the serial RX port (RX PMA input) and the output is observed at the serial TX port (TX PMA
output). In this loopback, user logic is not involved.

10G Ethernet PHY IP Core

Management MPPHY Foundation IP
MPPHY
RX PCS RX PMA
<+ < <
. [TxPpes TX PMA

Figure 2.22. Far End Parallel Loopback

2.3.5.2. Near End Parallel Loopback

The input signal is driven at the parallel TX port (user logic side) and the output signal is observed at the parallel RX port
(user logic side). In this loopback, PMA is not involved.

10G Ethernet PHY IP Core

Management MPPHY Foundation IP
MPPHY
RX PMA
==y <
TX PCS S/ | TXPMA
= o ol ol " Jocooooococo =) >

Figure 2.23. Near End Parallel Loopback

2.4. PHY (CertusPro-NX Devices)

2.4.1. IP Architecture Overview

The CertusPro-NX 10G Ethernet PHY IP core provides the XGMII interface to the MAC and follows the IEEE802.3
10GBASE-R standard. It supports 64-bit of data and 8-bit of control signals for both transmit and receive path. Due to
hardware limitation, CertusPro-NX 10G Ethernet PHY IP core can only be placed on the following lanes:

e LFCPNX-100 supported lanes: Lane 2, Lane 3, Lane 6 and Lane 7 only.
e LFCPNX-50 supported lanes: Lane 2 and Lane 3 only.
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MPCS MPCS

LaneID 1 LaneO Lane 1 Lane 4 Lane 5

Figure 2.24. CertusPro-NX 10G Ethernet PHY IP Core Hardware Supported Lane

This IP core instantiates the MPCS Module foundation IP configured as 1-Lane 64b/66b PCS, and supports APB access to

MPCS registers. For more information on MPCS Module foundation IP, refer to the MPCS Module User Guide
(FPGA-IPUG-02118).

2.4.2. Block Diagram
The following figure shows the top-level block diagram of the 10G Ethernet PHY IP core.

10G Ethernet PHY IP Core
- < DIFF Reference
DIFFCLKIO,
< — | O
CORE Clocks
< DIFFCLKIO_SEL
i —~ Other reference clock
o ® UM -~ source and control signals
et
< “5 < XGMII
D g MPCS Module » Interface
|
< * — APB
> ApB2LMMI " Interface
¢ APB
(LMMI)
MPCS Registers

Figure 2.25. CertusPro-NX 10G Ethernet PHY IP Top-Level Block Diagram

2.4.3. Lane Merging (CertusPro-NX Devices)
Set the LANE ID configuration of the IP according to the number of quad you want to use. Follow these steps:
1. Inthe Select IP Option field, select PHY only or MAC + PHY or MAC + PHY + 1588.

2. Inthe PCS Lane ID field, set the lane ID configuration of the IP as shown in the figure below. By default, the ID is set
to AUTO. For more details, refer to the IP Architecture Overview section on the supported lane.
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2] Module/1P Block Wizard %

Configure Component from IP eth_10g’
Set the following parameters to configure this component.

Diagram macphy Configure macphy:

shy *| Property Value

—Hrese + General Configuration

clicseli[1:0 H
el Select IP Option  {PHY only
=—{diffioclkseli =

pad_refclkn_i Host Interface APB

—Ipad_refclkp_i ~ PHY Configuration

] ps:_rxr‘_i PCSLane D AUTO
—ped_mepi

PO refclk_i Loopback Mode Mo Loopback
pad_tn_of—
—pil_1_sefelk_i

—refcikn0_esai
—{refclknt_est_i
—{refclkpd_ext i
refclkpl_ext i

pad_tp_of—
g_r_bik_lock_of—
xg_ne_clk_of—
xg_ne_hi_ber_of—
*g_rC_0 [T
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Figure 2.26. Lane ID Configuration

2.4.4. Reference Clocks

The CertusPro-NX 10G Ethernet PHY IP core provides other sources of reference clocks and can be used for dynamic
switching. The pll_0/1_refclk_i must only be connected to PLL and must not be directly connected to the fabric. To use
this feature, you must set the reference clock source control signals according to the following table.

«— refclkpO_ext_i
DIFFCLKIO  [¢—— refclknO_ext_i

CORE -« refclkpl_ext_i

10G Ethernet —— refclknl_ext_i

PHY IP Core

A A 4 P pll_0_refclk_i

pad_txn_o q¢—|
pad_txp_o €¢——

A
-

0]

=

)

—

—

pad_rxn_i — pll_1_refclk_i
pad_rxp_i —— PCSREFMUX

—— sd_pll_refclk_i
<— clksel_i[1:0]
&—— diffioclksel_i

<¢—— pad_refclkp_i

¢—— pad_refclkn_i
—— use_refmux_i

MPCS Module

Figure 2.27. Reference Clock Block Diagram
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Table 2.3. Reference Clock MUX Tree Control Signals

Reference Clock Control Signal

Usage

use_refmux_i 1’b1 — Use reference clock output from Clock MUX Tree (PCSREFMUX).
1’b0 — Use dedicated reference clocks (pad_refclkp/n_i).

diffioclksel_i 1’b1 — Use refclkp/n1_ext_i as reference clocks.
1’b0 — Use refclkp/n0_ext_i as reference clocks.

clksel_i 2’b00 — Use pll_0_refclk_i as reference clocks.

2’b01 — Use pll_1_refclk_i as reference clocks.
2’b10 — Use reference clock based on diffioclksel_i.
2’b11 — Use sd_pll_refclk_i as reference clock.

2.4.5. PCS Loopback

64b/66b PCS

16b data

Loopback A

TX Path

PRD
PRBS Pattern

Gen

b?ebk 2bsync | 64b/66b 8b TXC 8 TXC
™ e Scrambler M Encgder ﬂ % + 60 1D (L
FIFO

Gear Box
TXFSM

-

16b data

PMA RX Path

Loopback B Loopback C Fabric

PRBS PRD
Checker Checker
66b

block | Block 2b sync 2b sync 64b/66b 8b RXC Clock
RX Aligner | +64b data De- +64b data | Decoder | _+64b RXD Compensation
Gear Box & Scrambler & FIFO
Sync FSM A RX FSM

BER
Monitor

The following lists the various
e Loopback A

Figure 2.28. 64b66b PCS Loopback Diagram

types of PCS Loopback:

This loopback can be enabled when Loopback = Near End Parallel Loopback or by using bit 0 of the Loopback Mode

Control (MPCS register).

In this mode, the 16-bit input data of the RX path comes from the TX path. The TX path clock will drive both the TX

and RX path. The asynchr
e LoopbackB

onous FIFO in between the TX path and RX path is for clock phase compensation.

This loopback can be enabled using bit 2 of the Loopback Mode Control (MPCS register).
In this mode, the PCS accepts data on the transmit path from the XGMII and returns it on the receive path to the

XGMII through the RX FIF
e Loopback C

0.

This loopback can be enabled when Loopback = Far End Parallel Loopback or by using bit 1 of the Loopback Mode

Control (MPCS register).

In this mode, the received data by the RX PCS is returned to the TX PCS.
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2.5. MAC + PHY + 1588 (CertusPro-NX Devices)

2.5.1. Design Architecture

The timestamp unit (TSU) block is located between the 10G Ethernet MAC IP and the 10G Ethernet PHY IP block. The
TSU will be enabled with MAC + PHY. This offering is only available for CertusPro-NX devices. The following blocks are
present:

e TSU
e 10G Ethernet MAC IP cores. For more details, refer to the MAC section.

e 10G Ethernet PCS/PMA IP cores (CertusPro-NX PHY). For more details, refer to the PHY (CertusPro-NX Devices)
section.

For Lane Merging details, refer to the Lane Merging (CertusPro-NX Devices) section.

2.5.1.1. PTP Synchronization

The following diagram shows the 1588 PTP procedure to synchronize the clock.

Timestamps known to

Main Clock Secondary Clock | the secondary clock

t

Sync
Path-
Delay

t t
Follow-Up (t;) 2 2
t, t
DeIay-Req t T, ) 43
Path-
Delay

ts

Delay-Resp (t4)

1y, o, t3,t,

Figure 2.29. PTP Time Synchronization Flow

The following describes the procedure to synchronize the clock:

1. When the main clock sends a Sync message, the following steps are carried out:
a. In 1-step synchronization, t1 is sent in the Sync message.

b. In 2-step synchronization, t1 is sent in the Follow-Up and Sync messages.
The secondary clock receives a Sync message at timestamp t.

The secondary clock sends a Delay-Req message at ts.

The main clock receives a Delay-Req message at ta.

The main clock responds with a Delay-Resp message at ta.

o vk wN

The secondary clock needs t1, t2, t3, and t4 timestamps for Delay estimation.

Mean Path Delay = ((t2-t1) + (ta-t3))/2
Offset = t2-ti-Mean Path Delay
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2.5.2. Block Diagram

The following blocks are present in this design:
e 10G Ethernet PCS/PMA IP cores

e TSU

e 10G Ethernet MAC IP cores

Higher Application

AXI4-Stream Inter]

TOD Counter

= LATTICE

ace XGMII Interface XGMII Interface

10G Ethernet MAC |#————¥

A 4
\4

or

PTP Timestamp Unit

User Logic

Note 1

APB Interface

10G Ethernet PHY

wn

erial Interface
>

L

\4

Address Decoder

<
<

2.5.3. Timestamp Unit

Figure 2.30. 10GbE MAC + PHY + 1588 IP Core Block Diagram

The key features of this block are as follows:

o Detection of PTP and non PTP packets

e  PTP packet parsing

e Timestamping for all PTP packets in the TX path.
e Timestamping for all PTP packets in the RX path.

e Correction field calculation for end-to-end transparent clock (E2E TC) (TC?)

e Timestamp insertion for PTP Event Messages in 1-step? mode

e UDP Checksum and CRC32 recalculation for 1 step? PTP messages

o All the PTP messages remain unchanged for 2-step PTP.

Notes:

1. Atthe RXside, the MAC AXIS output contains PTP and non-PTP packets. Therefore, muxing logic for PTP and
non-PTP must be handled by user logic if required. The ToD counter is done in user logic as well.

2. The PTP 1588v2 supports 2-step clock synchronization. Note that 1-step synchronization will be enabled in later
milestone. The TC mode must be enabled with 1-step mode. In 2-step synchronization, the TSU function provides
accurate timestamp and the related fingerprint for all PTP messages without modifying the packet content.

2.5.4. 10G Ethernet PHY

For more information on 10G Ethernet PHY, refer to the PHY (CertusPro-NX Devices) section.

2.5.5. 10G Ethernet MAC

For more information on 10G Ethernet MAC, refer to the MAC section.
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2.5.6. PTP Packet Format

This section describes the following PTP packet formats:
e  PTP over Ethernet

e PTP over UDP/IPv4

e PTP over UDP/IPv6

2.5.6.1. PTP Over Ethernet
The following section describes the location of the PTP message in an Ethernet frame.

Ethernet Frame Ethernet Header Client Data Field Ethernet FCS

PTP Message

Figure 2.31. PTP Over Ethernet

Number
of Bytes 7 1 6 6 2 44 0-1500 0-46 4
Start of Frame | Destination Source Lenath/ PTP Frame Check
Preamble Delimiter Address Address T e?LIT) Header Data Pad Sequence
(SFD) (DA) (SA) yp (FCS)

Figure 2.32. PTP Over Ethernet Frame Format

2.5.6.2. PTP over UDP/IPv4
The following section describes the location of the PTP message in the UDP/IPv4 packets.

Ethernet Frame Ethernet Header Client Data Field Ethernet FCS
7 \\
7/ AN
7 AN
7/ AN
7/ AN
IPv4 Datagram IP Header IP Data
/ A
/ A
/ A
/ \\
UDP Datagram UDP Header UDP Data
/ \\
/ N\
/ AN
/ A
7/ N\
/ AN

PTP Message

Figure 2.33. PTP Over UDP/IPV4
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2.5.6.3. PTP Over UDP/IPv6

The following section describes the location of the PTP message in the UDP/IPv6 packets.

Ethernet Frame Ethernet Header Client Data Field Ethernet FCS
IPv6 Datagram IP Header IP Data
/ N
/ N
7/ AN
/ \\
UDP Datagram UDP Header UDP Data
/ \\
/ N\
/ N
7/ AN
7/ N
/ N\

PTP Message

Figure 2.34. PTP Over UDP/IPv6

2.5.7. PTP Message Format

This section describes the PTP message formats. A PTP message consist of the following:
e  34-byte header

e Body

e Suffix (Optional)

< PTP Message >
Header Body Suffix
34 Bytes Variable length Optional
Figure 2.35. PTP Message Format
2.5.7.1. PTP Header
The following table lists the PTP Header message format.
Table 2.4. PTP Header
Bits Octets Offset
7 6 5 4 3 2 1 0
majorSdold messageType 1 0
minorVersionPTP versionPTP 1 1
messagelLength 2 2
domainNumber 1 4
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Bits Octets Offset
7 6 5 4 3 2 1 0
minorSdold 1
flagField 2
correctionField 8
messageTypeSpecific 4 16
sourcePortldentity 10 20
sequenceld 2 30
controlField 1 32
logMessagelnterval 1 33
2.5.7.2. PTP Body
The PTP Body message format varies for the following PTP message types:
e PTP Sync Message
e  PTP Follow-Up Message
e PTP Delay Request Message
e PTP Delay Response Message
PTP Body Format for Sync Message
The following table lists the PTP Body format for the Sync message type.
Table 2.5. PTP Body Format for Sync Message Type
Sync Message Format
Bits Octets Offset
7 6 | 5 | a 3 | 2 | 1 0
header (Refer to Table 2.4. PTP Header) 34 0
originTimestamp 10 34
PTP Body Format for Follow-Up Message
The following table lists the PTP Body format for the Follow-Up message type.
Table 2.6. PTP Body Follow-Up Message Type
Follow_Up Message Format
Bits Octets Offset
7 6 | 5 | a 3 | 2 | 1 0
header (Refer to Table 2.4. PTP Header) 34 0
preciseOriginTimestamp 10 34
PTP Body Format for Delay Request Message
The following table lists the PTP Body format for the Delay Request message type.
Table 2.7. PTP Body Format for the Delay Request Message Type
Delay_Req Message Format
Bits Octets Offset
7 6 | 5 | a 3 | 2 | 1 0
header (Refer to Table 2.4. PTP Header) 34 0
originTimestamp 10 34
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PTP Body Format for Delay Response Message
The following table lists the PTP Body format for the Delay Response message type.

Table 2.8. PTP Body Format for the Delay Response Message Type

Delay_Resp Message Format
Bits Octets Offset
7 6 | 5 | a 3 | 2 | 1 0
header (Refer to Table 2.4. PTP Header) 34 0
receiveTimestamp 10 34
requestingPortldentity 10 44

2.5.8. PHY Delay Value

The following table lists the CertusPro-NX PHY (PCS - PMA) delay values. You must program the TX PHY delay value in
the Egress Delay Register (0x18) and PHY RX delay value in the Ingress Delay Register (0x1C).

Table 2.9. PHY Delay Values

Value or Path RX X

Delay 140 ns + (64B/66B PCS Block Align Shift! 94 ns +/- 4 ns?
x 0.097) +/- 4 ns

Notes:

1. To obtain the value for the 64B/66B PCS Block Align Shift register, refer to the Summary of MPCS Registers table in the MPCS
Module User Guide (FPGA-IPUG-02118).

2. Preliminary rounded value.

2.6. MAC + PHY (CertusPro-NX Devices)

2.6.1. Design Architecture

The following blocks are present:

e 10G Ethernet MAC IP cores. For more details, refer to the MAC section.

e 10G Ethernet PCS/PMA IP cores (CertusPro-NX PHY). For more details, refer to the PHY (CertusPro-NX Devices)
section. For Lane Merging details, refer to the Lane Merging (CertusPro-NX Devices) section.

2.6.2. Block Diagram

The following blocks are present in this design:
e 10G Ethernet PCS/PMA IP cores
e 10G Ethernet MAC IP cores

XGMII Interface Serial Interface .
10G Ethernet PHY

Higher Application
or
User Logic

» 10G Ethernet MAC
AXI4-Stream Intefface

A
A 4

>
APBInterface | Address Decoder

<
<

Figure 2.36. 10GbE MAC + PHY IP Core Block Diagram
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2.7. Clocking

2.7.1. Clocking Overview

The following figure shows the clock network of the 10G Ethernet IP core for Avant devices. The clock frequency
requirements are described in the Signal Description section according to the configuration selected—MAC only, PHY
only, or MAC+PHY. In the MAC + PHY configuration, you must connect the txmac_clk_i and rxmac_clk_i output clock
from the PHY block.

pad_refclk[p/n]_i
156.25 MHz

10G Ethernet IP Core

*
AXI4S PAD

< N 10G Ethernet MAC 10G Ethernet PHY K >

xg_tx_gclk_o
156.25 MHz

Figure 2.37. 10G Clock Network Diagram for Avant Devices

The following figure shows the clocking diagram for CertusPro-NX devices. The clock frequency requirements are
described in the Signal Description section according to the configuration selected—MAC only, PHY only, or
MAC+PHY+1588 (with TSU). In the MAC + PHY + 1588 configuration, the txmac_clk_i and rxmac_clk_i are connected
internally to the output clock from the PHY block.

Note: Make sure that the GPLL being used does not have Fractional-N Divider mode enabled.
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pad_refclk[p/n]_i
161.132812 MHz

10G ten_gbe_subgys (./eval)

|
<i> 106 Ethernet MAC 106 Ethernet PHY <:>
|

. :
| |
| |
| |
| |
| epcs_tx_out_clk_w :
| 322.266 MHz |
| |
[ |
| |
|

| pll_xgmii_clk_w GPLL 64/66 :
| 156.25 MHz clock ratio |
| |
| |
|

Figure 2.38. 10G Clock Network Diagram for CertusPro-NX Devices

pad_refclk[p/n]_i
161.132812 MHz

10G MAC + PHY + 1588

| |
| |
| |
| |
I A A4 |
| |
| |
! o o
| | PAD* |
| AX14S | : |
! | N
| —\] 106 :;:Emet | 2 XGMII 10G Ethernet PHY /‘_::> :
| | : \sl—l/ |
| | | |
| | |
| == |
| |
| |
. { .
| epcs_tx_out_clk |
| 322.266 MHz |
| |
| |
| |
| |
| xgmii_clk GPLL 64/66 |
: 156.25 MHz clock ratio |
|
| |
| |
S S -

Figure 2.39. 10G Clock Network Diagram for CertusPro-NX Devices for MAC + PHY + 1588 Option
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2.8. Reset

2.8.1. MAC Reset Sequence

2.8.1.1. Reset

An asynchronous reset pin (active low) as system reset is used for resetting the 10G Ethernet IP core. Internal reset
logic is implemented to guarantee synchronous deassertion all throughout the different clock domain among soft logic
blocks. The minimum assertion of reset is five clock cycles of the slowest clock*.

2.8.1.2. Power Up Sequence
The following lists the sequence after power-up of the chip or system:
1. Assert reset pin for five clock cycles of the slowest clock* of the system.

2. Wait for the 10G PHY to be in a ready state.
For more information on the sequence, see the PHY (Avant Devices) section and the PHY (CertusPro-NX Devices)
section.

3. Send settings through the AXI4-Lite interface to configure the system. For a list of MAC registers, refer to the
Configuration Registers for MAC section.

4. The MAC is ready to receive transfers.

* Note: The slowest clock refers to the sysbus_clk_i with frequency that can be as low as 20 MHz.

The following figure shows a sample sequence when the RX MAC is configured to pass the FCS field to the client.

CLIENT MAC

>
(1) Assert reset pin

P
(2) Set rx_pass_fcs bit of RX_CTLto 1

P
(3) Set rx_en bit of MODE to 1

>

(4) MAC is ready to receive transfers

Figure 2.40. Sequence to Configure RX MAC In-Band FCS Passing

2.8.2. PHY Reset Sequence (Avant Devices)

2.8.2.1. Reset

An asynchronous reset pin (active low) as system reset is used for resetting the 10GbE PHY IP core. Internal reset logic
is implemented to guarantee synchronous deassertion all throughout the different clock domain among soft logic
blocks. The minimum assertion of reset is five clock cycles of the slowest clock*.
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2.8.2.2. Sequence
The following lists the sequence after power-up of the chip or system:
1. Assert reset pin, reset_n_i, for five clock cycles of the slowest clock* of the system.

2. Wait for phy_init_done_o to assert. It is expected during this time (before T0), xg_tx_out_clk_o and
xg_tx_out_clk_o are not toggling yet.

3. After TO, user drives continuous IDLE patterns until xg_pcsrdy_o asserts.
After T1, the PHY is ready to transmit data packets.

* Note: The slowest clock refers to the sysbus_clk_i with frequency that can be as low as 20 MHz.

The following figure shows the PHY initialization sequence.

:TO :Tl

EplipiipipipipiniiuinininininN

|
phy_init_done_o /
I
|
f
|

xg_tx/rx_out_clk_o

Xxg_pcsrdy_o

I

I

I
/

I
Figure 2.41. PHY Initialization Sequence

2.8.3. PHY + MAC + 1588 Reset Sequence (CertusPro-NX Devices)

This reset sequence applies to both the PHY-only configuration and the PHY+MAC+1588 configuration for CertusPro-NX
devices.

2.8.3.1. Reset

An asynchronous reset pin (active low) as system reset is used for resetting the 10G Ethernet IP core. Internal reset
logic is implemented to guarantee synchronous deassertion throughout the different clock domain among soft logic
blocks. The minimum assertion of reset is five clock cycles of the slowest clock*.

2.8.3.2.Sequence

The following lists the sequence after power-up of the chip or system:

1. Assertreset_n_i pin for five clock cycles of the slowest clock* of the system.
2. Wait for the 10G PHY to be in the ready state.

3. Refer to the Appendix B. Clock and Reset Requirements (CertusPro-NX) section.
Note: pll_lock_w is an external PLL to generate the 156.25 MHz clock input to xg_tx/rx_clk_i.

Send settings through the APB interface to configure the system.

The IP is ready to transmit and receive packets.

* Note: The slowest clock refers to the sysbus_clk_i with frequency that can be as low as 20 MHz.
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# reset n i
“ mac_rst_n
£ xg_rx_rst n_i
£ xg borst ni

“ Xg_rx_blk_lock...
“ Xg_rxval_o
“ Xg_txrdy_o

2.9. Latency

The following table provides the measured latency information for 10G Ethernet IP.

Figure 2.42. Example Testbench Reset Waveform

Table 2.10. MAC + PHY Attributes (Avant Devices)

= LATTICE

Core Core Configuration Latency (ns) User Bus Width (bits) Core Clock Frequency (MHz)
MAC + PHY 10G BASE-R TX 252 64 156.25
MAC + PHY 10G BASE-R RX 350 64 156.25

Table 2.11. MAC + PHY Attributes (Cert

usPro-NX Devices)

Core Core Configuration Latency (ns) User Bus Width (bits) Core Clock Frequency (MHz)
MAC + PHY 10G BASE-R TX 190* 64 156.25
MAC + PHY 10G BASE-R RX 287* 64 156.25

* Note: This is a nominal value. For CertusPro-NX PHY latency value, refer to the PHY Delay Value section.
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3. IP Parameter Description

The configurable attributes of the 10G Ethernet IP core are shown in the following tables. You can configure the IP core
by setting the attributes accordingly in the IP Catalog’s Module/IP wizard of the Lattice Radiant software.

3.1. MAC + PHY (Avant Devices)

The following table lists the 10G Ethernet IP core configurable attributes for the MAC + PHY option. The values set for
attributes with corresponding registers serve as the maximum values and cannot be set higher during dynamic
reconfiguration. Select IP Option—MAC + PHY option.

Table 3.1. MAC + PHY Attributes (Avant Devices)

A - Dependency on
Attribute Selectable Values Default Description Ot:: er Attrizutes
General Configuration
Select IP Option e MAC+PHY MAC + PHY IP option. -

e  PHYOnly
e  MACOnly
Host Interface o AXl4-Lite AXl4-Lite Set the register —
e APB interface.
MAC Configuration
Multicast Address Filtering e  Enabled Disabled Enables or Enabled when Select
e Disabled disables address | IP Option == MAC
filtering for Only or MAC + PHY
multicast frames.
TX Pause Frame Generation | e  Enabled Disabled Enables or Enabled when Select
via Ports e Disabled disables TX pause | IP Option == MAC
frame generation | Only or MAC + PHY
via ports.
Statistics Counter Configuration
Statistic Counter Registers e Enabled Disabled Enables or Enabled when Select
e Disabled disables statistics | /P Option == MAC
counter registers | Only or MAC + PHY
Counter Width e 32 32 Statistics Enabled when Select
e 64 counters register | IP Option == MAC
size. Only or MAC + PHY
TX Statistics e Enabled Disabled TX statistics. Enabled when Select
e Disabled IP Option == MAC
Only or MAC + PHY
RX Statistics e Enabled Disabled RX statistics. Enabled when Select
. Disabled IP Option == MAC
Only or MAC + PHY
PMA Setup-Transmitter Subgroup (default values are recommended)
Transmitter Enabled when Select
TX Amplitude Control [0-63] | 0-63 24 :g}ﬁi’ttr‘:ien . gnizpélfxﬂ;:ci I-Q;-IY
control.
Transmitter pre- | Enabled when Select
emphasis level IP Option == PHY
TXPre Cursor [0-31] 0-31 0 adjsstment Onlypor MAC + PHY
control.
Transmitter post- | Enabled when Select
emphasis level IP Option == PHY
TX Post Cursor [0-31] 0-31 0 adjEstment On/ypor MAC + PHY
control.
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Attribute Selectable Values Default Description LG L G Gl
Other Attributes
PMA Setup-Receiver Subgroup (default values are recommended)
RX Coupling Mode e  ACCoupling AC Coupling PMA Coupling Enabled when Select
e DC Coupling mode IP Option == PHY
Only or MAC + PHY
RX Loss of Sig port Enable e Enabled Enabled RX Loss of Sig Enabled when Select
e Disabled capability. IP Option == PHY
Only or MAC + PHY
DFE Enable e Enabled Enabled DFE capability. Enabled when Select
e Disabled IP Option == PHY
Only or MAC + PHY
RX Adaptive Equalization e  Enabled Enabled RX adaptive EQ Enabled when Select
Enable e Disabled capability. IP Option == PHY
Only or MAC + PHY
Selectable only when
DFE Enable ==
Disabled
RX Attenuation Block e -13dB -13dB RX Attenuation Enabled when Select
e -2dB setting. Higher dB | IP Option == PHY
loss reflects Only or MAC + PHY
higher capability | Selectable only when
of the RX to RX Adaptive
handle a lossy Equalization Enable
signal. == Disabled
PHY Configuration
FEC Mode e FCFEC Disabled Enables the Enabled when Select
e Disabled FCFEC or IP Option == PHY only
disables the FEC | or MAC + PHY
mode.
Fast Simulation Mode e  Enabled Disabled Enables or Enabled when Select
e Disabled disables the fast | IP Option == PHY
sim mode. Only or MAC + PHY
PCS Lane ID e AUTO AUTO Specifies the Enabled when Select
e 027 Lane ID. IP Option == PHY

Only or MAC + PHY

Loopback Mode

e  Far End Parallel
Loopback

e  Near End Parallel
Loopback

e  No Loopback

No Loopback

Enables the Far
End Parallel
Loopback or Near
End Parallel
Loopback or

No Loopback.

Enabled when Select
IP Option == PHY
Only or MAC + PHY
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The following table lists the 10G Ethernet IP core configurable attributes for the MAC Only option. The values set for
attributes with corresponding registers serves as the maximum values and cannot set higher than these values during
dynamic reconfiguration. Select IP Option—MAC Only option.

Table 3.2. MAC Only Attributes

Dependency on

Attribute Selectable Values Default Description Other Attributes
General Configuration
Select IP Option For Avant-AT-G/X For Avant-AT-G/X devices: | IP option. —

devices: e  MAC+ PHY
. MAC + PHY
e  PHYOnly For CertusPro-NX devices:
e  MACOnly e MACOnly
For CertusPro-NX
devices:
e  MACOnly
e  PHYonly
. MAC + PHY + 1588
. MAC + PHY
PHY Interface e XGMII XGMII Set the default Enabled when Select
e  8-bit GMII PHY interface. IP Option == MAC
e 16-bit GMII Only
. Ml
Host Interface For Avant-AT-G/X For Avant-AT-G/X devices: | Set the register —
devices: e  AXl4-Lite interface.
e APB For CertusPro-NX devices:
. AXl4-Lite ° APB
For CertusPro-NX
devices:
e APB
MAC Configuration
Dynamic Speed Selection e Enabled Disabled Enables or Enabled when Select
e Disabled disables dynamic | IP Option == MAC
speed selection. Only.
Multicast Address Filtering e  Enabled Disabled Enables or Enabled when Select
e Disabled disables address | IP Option == MAC
filtering for Only or MAC + PHY
Multicast frames.
TX Pause Frame Generation | e  Enabled Disabled Enables or Enabled when Select
via Ports e Disabled disables TX pause | IP Option == MAC
frame generation | Only or MAC + PHY
via ports.
Statistics Counter Configuration
Statistics Counter Registers e  Enabled Disabled Enables or Enabled when Select
e Disabled disables statistics | /P Option == MAC
counter registers. | Only or MAC + PHY
Counter Width e 32 32 Statistics Enabled when Select
e 64 counters register | IP Option == MAC
size. Only or MAC + PHY
TX Statistics e  Enabled Disabled TX statistics. Enabled when Select
e Disabled IP Option == MAC

Only or MAC + PHY
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Dependency on

e SuperJumbo

determine FIFO
depth for

or Ml
when Dynamic

enabled.

configurations or

Speed Selection is

Attribute Selectable Values Default Description Other Attributes
RX Statistics e  Enabled Disabled RX statistics. Enabled when Select
e Disabled IP Option == MAC
Only or MAC + PHY
Non-XGMII Configuration
Frame Type e  Standard Super Jumbo Set Ethernet Enabled when
e Jumbo frame type to Dynamic Speed

Selection == Enabled,
or PHY Interface ==

8-bit/16-bit GMII | XGMII

3.3. PHY Only (Avant Devices)

The following table lists the 10G Ethernet IP core configurable attributes for the PHY Only option in Avant devices.
Select IP Option—PHY Only option.

Table 3.3. PHY Only Attributes (Avant Devices)

Dependency on Other

Attribute Selectable Values Default Description .
Attributes
General Configuration
Select IP Option e  MAC+PHY MAC + PHY IP option. —
e  PHYOnly
e  MACOnly
Host Interface o AXl4-Lite AXl4-Lite Set the register —
e APB interface.

PMA Setup-Transmitter Subgroup (default values are recommended)

Transmitter

Enabled when Select IP

TX Amplitude Control [0- 0-63 24 amplitude Option == PHY Only or
63] adjustment MAC + PHY
control.
Transmitter pre- | Enabled when Select IP
empbhasis level Option == PHY Only or
TX Pre Cursor [0-31] 0-31 0 adjustment MAC + PHY
control.
Transmitter post- | Enabled when Select IP
emphasis level Option == PHY Only or
TX Post Cursor [0-31] 0-31 0 adjustment MAC + PHY
control.
PMA Setup-Receiver Subgroup (default values are recommended)
RX Coupling Mode e  ACCoupling AC Coupling PMA Coupling Enabled when Select IP
e  DCCoupling mode. Option == PHY Only or
MAC + PHY
RX Loss of Sig port Enable e Enabled Enabled RX Loss of Sig Enabled when Select IP
e Disabled capability. Option == PHY Only or
MAC + PHY
DFE Enable e Enabled Enabled DFE capability. Enabled when Select IP
e Disabled Option == PHY Only or

MAC + PHY
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Attribute Selectable Values Default Description Depfendency on Other
Attributes
RX Adaptive Equalization e  Enabled Enabled RX adaptive EQ Enabled when Select IP
Enable e Disabled capability. Option == PHY Only or
MAC + PHY
Selectable only when
DFE Enable ==
Disabled
RX Attenuation Block e -13dB -13dB RX Attenuation Enabled when Select IP
e -2dB setting. Higher dB | Option == PHY Only or
loss reflects MAC + PHY
higher capability | Selectable only when
of the RX to RX Adaptive
handle a lossy Equalization Enable ==
signal. Disabled
PHY Configuration
FEC Mode e FCFEC Disabled Enables the Enabled when Select IP
e Disabled FCFEC or Option == PHY only or
disables the FEC | MAC + PHY
mode.
Fast Simulation Mode e Enabled Disabled Enables or Enabled when Select IP
e Disabled disables the fast | Option == PHY Only or
sim mode MAC + PHY
PCS Lane ID For Avant-AT-G/X AUTO Specifies the Enabled when Select IP
devices: Lane ID. Option == PHY Only or
° AUTO MAC + PHY
° 0-27
Loopback Mode e  Far End Parallel No Loopback Enables the Far Enabled when Select IP
Loopback End Parallel Option == PHY Only or
e Near End Parallel Loopback or Near | MAC + PHY
Loopback End Parallel
e No Loopback Loopback or
No Loopback.

3.4. PHY Only (CertusPro-NX Devices)

The following table lists the 10G Ethernet IP core configurable attributes for the PHY Only option in CertusPro-NX
devices. Select IP Option—PHY Only option.

Table 3.4. PHY Only Attributes (CertusPro-NX Devices Devices)

Attribute Selectable Values Default Description Dependency on Other
Attributes
General
Select IP Option e  MACOnly MAC Only | IP option. —
e  PHYOnly

e MAC+ PHY + 1588
e  MAC+PHY

Specifies the preferred

Host Interface APB APB interface for register —
access.
PHY Configuration
For CertusPro-NX Specifies the Lane ID. Enabled when Select IP
PCS Lane ID devices: AUTO For more details, refer Option == PHY Only or MAC +
e AUTO to the PHY (CertusPro- PHY or MAC + PHY + 1588
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Attribute Selectable Values Default Description Dependency on Other
Attributes

o 2 NX Devices) section.

(] 3

. 6

(] 7

e No Loopback PCS loopback. For more

e  Near End Parallel No information, refer FO the | Enabled when Select IP
Loopback Mode Loopback Loopback PCS Loopback section. Option == PHY Only or MAC +

. Far End Parallel PHY or MAC+PHY+1588

Loopback

Note:

1. CertusPro-NX devices supported lanes:
. LFCPNX-100: Lane 2, Lane 3, Lane 6, and Lane 7 only.
e  LFCPNX-50: Lane 2 and Lane 3 only.

3.5. MAC + PHY + 1588 (CertusPro-NX Devices)

The following table lists the 10G Ethernet IP core configurable attributes for the MAC + PHY + 1588 option. The values
set for attributes with corresponding registers serves as the maximum values and cannot set higher than these values
during dynamic reconfiguration. Select IP Option— MAC + PHY + 1588 option.

Table 3.5. MAC + PHY + 1588 Attributes (CertusPro-NX Devices)

Attribute Selectable Values Default Description Dep.endency SHlRthey
Attributes
General Configuration
Select IP Option e  MACOnly MAC Only IP option. -
e  PHYOnly
e MAC+PHY + 1588
. MAC + PHY
Host Interface APB APB Set the register —
interface.
MAC Configuration
Multicast Address Filtering | ¢  Enabled Disabled Enables or disables Enabled when Select IP
e Disabled address filtering for Option == MAC Only or
multicast frames. MAC + PHY
TX Pause Frame Generation | ¢  Enabled Disabled Enables or disables TX | Enabled when Select IP
via Ports e Disabled pause frame Option == MAC Only or
generation via ports. MAC + PHY
Statistics Counter Configuration
Statistics Counter Registers | ¢  Enabled Disabled Enables or disables Enabled when Select IP
e Disabled statistics counter Option == MAC Only or
registers. MAC + PHY
Counter Width o 32 32 Statistics counters Enabled when Select IP
e 64 register size. Option == MAC Only or
MAC + PHY
TX Statistics e Enabled Disabled TX statistics. Enabled when Select IP
e Disabled Option == MAC Only or
MAC + PHY
RX Statistics e Enabled Disabled RX statistics. Enabled when Select IP
e Disabled Option == MAC Only or
MAC + PHY
PHY Configuration
PCS Lane ID For CertusPro-NX AUTO Specifies the Lane ID. | Enabled when Select IP
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Attribute

Selectable Values

Default

Description

Dependency on Other
Attributes

devices!:

e AUTO
. 2

. 3

. 6

. 7

For more details, refer
to the PHY (CertusPro-
NX Devices) section.

Option == PHY Only or
MAC + PHY or MAC +
PHY + 1588

Loopback Mode

e No Loopback

e  Near End Parallel
Loopback

e  Far End Parallel
Loopback

No Loopback

PCS loopback. For
more information,
refer to the PCS

Loopback section.

Enabled when Select IP
Option == PHY Only or
MAC + PHY or
MAC+PHY+1588

Note:

1. CertusPro-NX devices supported lanes:

° LFCPNX-100: Lane 2, Lane 3, Lane 6, and Lane 7 only.

e  LFCPNX-50: Lane 2 and Lane 3 only.

3.6. MAC + PHY (CertusPro-NX Devices)

The following table lists the 10G Ethernet IP core configurable attributes for the MAC + PHY option. The values set for
attributes with corresponding registers serves as the maximum values and cannot set higher than these values during
dynamic reconfiguration. Select IP Option— MAC + PHY option.

Table 3.6. MAC + PHY Attributes (CertusPro-NX Devices)

Dependency on Other

Attribute Selectable Values Default Description .
Attributes
General Configuration
Select IP Option e  MACOnly MAC Only IP option. —
e  PHYOnly
. MAC + PHY + 1588
. MAC + PHY
Host Interface APB APB Set the register —
interface.
MAC Configuration
Multicast Address Filtering | ¢  Enabled Disabled Enables or disables Enabled when Select IP
e Disabled address filtering for Option == MAC Only or
multicast frames. MAC + PHY
TX Pause Frame Generation | ¢  Enabled Disabled Enables or disables TX | Enabled when Select IP
via Ports e Disabled pause frame Option == MAC Only or
generation via ports. MAC + PHY
Statistics Counter Configuration
Statistics Counter Registers | ¢  Enabled Disabled Enables or disables Enabled when Select IP
e Disabled statistics counter Option == MAC Only or
registers. MAC + PHY
Counter Width o 32 32 Statistics counters Enabled when Select IP
e 64 register size. Option == MAC Only or
MAC + PHY
TX Statistics e Enabled Disabled TX statistics. Enabled when Select IP
e Disabled Option == MAC Only or
MAC + PHY
RX Statistics e  Enabled Disabled RX statistics. Enabled when Select IP
e Disabled Option == MAC Only or

MAC + PHY
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Attribute Selectable Values Default Description ep_endency on Other
Attributes
PHY Configuration
PCS Lane ID For CertusPro-NX AUTO Specifies the Lane ID. | Enabled when Select IP

devices!:

e AUTO
. 2
. 3
. 6
. 7

For more details, refer
to the PHY (CertusPro-
NX Devices) section.

Option == PHY Only or
MAC + PHY or MAC +
PHY + 1588

Loopback Mode

e No Loopback

e  Near End Parallel
Loopback

e  Far End Parallel
Loopback

No Loopback

PCS loopback. For
more information,
refer to the PCS

Loopback section.

Enabled when Select IP
Option == PHY Only or
MAC + PHY or
MAC+PHY+1588

Note:

1. CertusPro-NX devices supported lanes:

. LFCPNX-100: Lane 2, Lane 3, Lane 6, and Lane 7 only.

e  LFCPNX-50: Lane 2 and Lane 3 only.
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4. Signal Description

This section describes the 10G Ethernet IP core ports.

4.1. MAC + PHY Signals (Avant Devices)

Table 4.1. Signal Description—MAC + PHY

Port Name I Clock Domain | 1/0 | Width I Description
Clock and Reset
reset_n_i Asynchronous In 1 Active-low asynchronous reset.
xg_tx_clk_o — Out 1 TX clock output (156.25 MHz).
xg_rx_clk_o — Out 1 RX clock output (156.25 MHz).
xg_tx_gclk o — Out 2 TX clock forwarded to global clock distribution (156.25 MHz).
xg_rx_gclk_o — Out 1 RX clock forwarded to global clock distribution (156.25 MHz).
txmac_clk_i - In 1 156.25 MHz clock for MAC interface. It is recommended to use
xg_tx_gclk_o[0] as input.
rxmac_clk_i - In 1 156.25 MHz clock for MAC interface. It is recommended to use
xg_tx_gclk_o[0] as input.
— Clock for the Management module (AXI4-Lite interface).
sysbus_clk_i In 1 You must use between 100 MHz to 150 MHz clock for XGMII interface and
100 MHz for LMMI interface.
Serial I/O
pad_refclkn_i — In 1 156.25 MHz SERDES PLL reference clock signal (-).
pad_refclkp_i - In 1 156.25 MHz SERDES PLL reference clock signal (+).
pad_rxn_i pad_refclkn_i In 1 RX- differential signal.
pad_rxp_i pad_refclkp_i In 1 RX+ differential signal.
pad_txn_o pad_refclkn_i | Out 1 TX- differential signal.
pad_txp_o pad_refclkp_i | Out 1 TX+ differential signal.
Client-Side Interface
AXIl4-Stream Receive Interface
axis_rx_tdata_o xg_tx6]g4clk_o[ Out 64 AXl4-Stream data from PHY to the client.
xg_tx_gclk_of AXlI4-Stream control that indicates which data is valid on axis_rx_tdata_o[
0]* 1.
e axis_rx_tkeep_o[0]: axis_rx_tdata_o [7:0]
e axis_rx_tkeep_o[1]: axis_rx_tdata_o [15:8]
. e axis_rx_tkeep_o[2]: axis_rx_tdata_o [23:16]
axis_x_tkeep_o Out 8 e axis_rx_tkeep_o[3]: axis_rx_tdata_o [31:24]
e axis_rx_tkeep_o[4]: axis_rx_tdata_o [39:32]
e axis_rx_tkeep_o[5]: axis_rx_tdata_o [47:40]
e axis_rx_tkeep_o[6]: axis_rx_tdata_o [55:48]
e axis_rx_tkeep_o[7]: axis_rx_tdata_o [63:56]
axis_rx_tvalid_o Xg—txa?f tk_of Out 1 AXI4-Stream data valid.
xg_tx_gclk_of AXI4-Stream user signal used to indicate that the frame had a length error,
axis_rx_tuser_o 04 Out 1 termination error, or a cyclic redundancy check (CRC) error. This signal is
qualified with the axis_rx_tlast_o signal.
axis_rx_tlast_o xg_th]gACIk_o[ Out 1 AXI4-Stream signal indicating the end of a packet.
AXIl4-Stream Transmit Interface
axis_tx_tready_o xg_th]gACIk_o[ Out 1 AXI4-Stream signal indicating that the core can accept data transfer.
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Port Name Clock Domain | I/O | Width | Description
axis_tx_tdata_i xg_txaiclk_o[ In 64 AXlI4-Stream data from the client.
xg_tx_gclk_of In AXlI4-Stream control that indicates which data is valid on axis_tx_tdata_i [
0]* 1.
e axis_tx_tkeep_i[0]: axis_tx_tdata_i[7:0]
e axis_tx_tkeep_i[1]: axis_tx_tdata_i[15:8]
) ) e  axis_tx_tkeep_i[2]: axis_tx_tdata_i[23:16]
axis_tx_tkeep_l 8 e  axis_tx_tkeep_i[3]: axis_tx_tdata_i[31:24]
e  axis_tx_tkeep_i[4]: axis_tx_tdata_i[39:32]
e  axis_tx_tkeep_i[5]: axis_tx_tdata_i[47:40]
e axis_tx_tkeep_i[6]: axis_tx_tdata_i[55:48]
e axis_tx_tkeep_i[7]: axis_tx_tdata_i[63:56]
axis_tx_tvalid_i xg_tx6]g4c tk_ol In 1 AXlI4-Stream data valid.
axis_tx_tuser_i xg_tx_gclk_of In 1 AXI4.-§trear.n user sig.nal to indicz.atg an error in the frame. This signal is
0]* qualified with the axis_tx_tlast_i signal.
axis_tx_tlast_i xg_tx(_)iclk_o[ In 1 AXI4-Stream signal indicating the end of a packet.
Non-Standard RX/TX Signals
xg_pcsrdy_o xg_tx_gclk_o[ | Out 1 The high level of this signal indicates alignment is achieved and RX PCS is
04 ready for transaction.
phy_init_done_o xg_tx_gclk_o[ | Out 1 The high level of this signal indicates alignment is PHY initialization or reset
0]* is done.
pma_rx0_sigdet_ | xg_tx_gclk_o[ | Out 1 Receive high-frequency signal detection output. When asserted, indicates
hf_o 0]* that the receiver is receiving high-frequency signals.
pma_rx0_sigdet_| | xg_tx_gclk_o[ | Out 1 Receive low-frequency signal detection output. When asserted, indicates
fo 0]* that the receiver is receiving low-frequency signals.
APB Interface?
apb_psel_i sysbus_clk_i In 1 Select signal. InF:Iicates that the completer device is selected, and a data
transfer is required.
apb_paddr_i sysbus_clk_i In 32 Address signal.
apb_pwdata_i sysbus_clk_i In 32 Write data signal.
apb_pwrite_i sysbus_clk_i In 1 Direction signal. Write = 1, Read = 0.
apb_penable_i sysbus_clk_i In 1 fg?]z;z:.ignal. Indicates the second and subsequent cycles of an APB
apb_pready o sysbus_clk_i out 1 foeaet):l(l/esr:inaarl‘.Lr'\)cllaictar;issft;nsfer completion. The completer uses this signal
apb_prdata_o sysbus_clk_i Out 32 Read data signal.
apb_pslverr_o sysbus_clk_i Out 1 Transfer success/failure signal. Tie to low.
apb_psel_i sysbus_clk_i In 1 Select signal. In.dicates that the completer device is selected, and a data
transfer is required.
apb_paddr_i sysbus_clk_i In 32 Address signal.
apb_pwdata_i sysbus_clk_i In 32 Write data signal.
apb_pwrite_i sysbus_clk_i In 1 Direction signal. Write = 1, Read = 0.
AXl4-Lite Interface?
axi4l_awaddr_i sysbus_clk_i In 32 Write address bus.
axi4l_awvalid_i sysbus_clk_i In 1 Write address valid.
axi4l_awready_o sysbus_clk_i Out 1 Write address acknowledge.
axi4l_wdata_i sysbus_clk_i In 32 Write data bus.
axi4l_wvalid_i sysbus_clk_i In 1 Write data valid.
axi4l_wready_o sysbus_clk_i Out 1 Write data acknowledge.
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Port Name

Clock Domain

Width

Description

axi4l_wstrb_i

sysbus_clk_i

AXl4-Lite write strobe. This feature is not supported so tied to 0.

axi4l_bresp_o

sysbus_clk_i

Write transaction response.

axi4l_bvalid_o

sysbus_clk_i

Write response valid.

axi4l_bready_i

sysbus_clk_i

Write response acknowledge.

axi4l_araddr_i

sysbus_clk_i

Read address bus.

axi4l_arvalid_i

sysbus_clk_i

Read address valid.

axi4l_arready_o

sysbus_clk_i

Read address acknowledge.

axi4l_rdata_o

sysbus_clk_i

Read data output.

axi4l_rresp_o

sysbus_clk_i

Read data response.

axi4l_rvalid_o

sysbus_clk_i

Read data/response valid.

axi4l_rready_i

sysbus_clk_i

Read data acknowledge.

Statistics Vector Interface

tx_statvec_o

xg_tx_gclk_of
0]*

Out

28

Contains information on the frame transmitted. This bus is qualified by the
tx_staten_o signal.

tx_statvec_o[13:0]: Frame byte count.

tx_statvec_o[14]:
tx_statvec_o[15]:
tx_statvec_o[16]:
tx_statvec_o[17]:
tx_statvec_o[18]:
tx_statvec_o[19]:
tx_statvec_o[20]:
tx_statvec_o[21]:
tx_statvec_o[22]:
tx_statvec_o[23]:
tx_statvec_o[24]:
tx_statvec_o[25]:
tx_statvec_o[26]:
tx_statvec_o[27]:

Transmit is OK.

MAC control inserted by MAC.
MAC control inserted by client.
Jumbo frame.

Tagged frame.

Broadcast address.

Multicast address.

Underrun error.

CRC error.

Length check error.
Terminate error.

Long frame error.

PTP1588 frame.

Reserved for future use.

tx_staten_o

xg_tx_gclk_of
0]4

Out

When asserted, indicates that the contents of the tx_statvec_o bus are
valid. This signal is asserted for three txmac_clk_i periods.

rx_statvec_o

xg_tx_gclk_of
0]*

Out

28

Contains information on the frame received. This bus is qualified by the
rx_staten_o signal.

rx_statvec_o[13:0]: Frame byte count.

rx_statvec_o[14]:
rx_statvec_o[15]:
rx_statvec_o[16]:
rx_statvec_o[17]:
rx_statvec_o[18]:
rx_statvec_o[19]:
rx_statvec_o[20]:
rx_statvec_o[21]:
rx_statvec_o[22]:
rx_statvec_o[23]:

Frame dropped.

Broadcast frame received.

Multicast frame received.

CRC error.

VLAN tag detected.

Pause frame.

Length check error.

Frame is too long.

MAC address mismatch.

Unsupported opcode. Only the opcode for pause

frame is supported.

rx_statvec_o[24]:
rx_statvec_o[25]:
rx_statvec_o[26]:
rx_statvec_o[27]:

Minimum IPG violated.
Receive packet ignored.
PTP1588 frame received.
Reserved for future use.

rx_staten_o

xg_tx_gclk_of
0]4

Out

When asserted, indicates that the contents of the rx_statvec_o bus are
valid. This signal is asserted for three rxmac_clk_i periods.
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Port Name | Clock Domain | 1/0 | Width | Description

TX Pause Frame?

tx_pausreq_i xg_tx_gclk_of In 1 Transmit pause frame.

04 1 =send request, 0 = do not send request. This is a positive edge-triggered

bit.
The tx_fc_en bit of TX_CTL register should be set to 1 to enable this
feature.
When this port is enabled, the tx_pausreq bit of MAC_CTL register is not
accessible.

Subsequent pause request will not be serviced if the pause frame of the
first request is not transmitted yet.

tx_paustm_i xg_tx_gclk_of In 16 Pause Quanta time.
04 This is equivalent to the tx_paustim bit of PAUSE_TM register.

Notes:

1. Available when APB is selected as the Host Interface.

2. Available when AXI4-Lite is selected as the Host Interface.

3. Available when TX Pause Frame Generation via Ports is enabled.

4.  For XGMII configuration, it is recommended to use the xg_tx_gclk_o[0] or xg_tx_clk_o.

4.2. MAC Only Signals

Table 4.2. Signal Description—MAC Only
Port Name | Clock Domain | 1/0 | Width | Description
Clock and Reset

reset_n_i Asynchronous In 1 Active-low asynchronous reset.

— Clock for Receive AXI4-Stream and XGMII or 8-bit/16-bit GMII or MIl data
path.

156.25 MHz clock for XGMII interface.

125 MHz clock for 8-bit GMII interface.

156.25 MHz clock for 16-bit interface.

125 MHz clock for MII RX data.

For XGMII configuration, it is recommended to use the xg_tx_gclk_o[0] or
xg_tx_clk_o.

— Clock for Transmit AXI4-Stream and XGMII/GMII/MII data path.

156.25 MHz clock for XGMII interface.

125 MHz clock for 8-bit GMII interface.

txmac_clk_i In 1 156.25 MHz clock for 16-bit interface.

125 MHz clock for Mll interface.

For XGMII configuration, it is recommended to use the xg_tx_gclk_o[0] or
xg_tx_clk_o.

rxmac_clk_i In 1

— Clock for Management module (APB interface).
sysbus_clk_i In 1 It is recommended to use between 20 MHz to 156.25 MHz clock for XGMI|I
interface and 20 to 125 MHz for MIl/GMII interface.

XGMII Interface!

xg_tx_gclk_o[0 8-lane Receive SDR XGMII data from PHY.
r e Lane 0: xgmii_rxd_i[7:0]

e lane 1: xgmii_rxd_i[15:8]

e  lane 2: xgmii_rxd_i[23:16]
xgmii_rxd_i In 64 e  Llane 3: xgmii_rxd_i[31:24]

e  Llane 4: xgmii_rxd_i[39:32]

e  lane 5: xgmii_rxd_i[47:40]

e  Llane 6: xgmii_rxd_i[55:48]

e lane 7: xgmii_rxd_i[63:56]
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Port Name Clock Domain 1/0 | Width | Description
xg_tx_gclk_o[0 Control bits for each lane in xgmii_rxd_i[ ].
I e  Lane 0: xgmii_rxc_i[0]
e Lane 1: xgmii_rxc_i[1]
e  Lane 2: xgmii_rxc_i[2]
Xgmii_rxc_i In 8 e  Lane 3: xgmii_rxc_i[3]
e  Lane 4: xgmii_rxc_i[4]
e  Lane 5: xgmii_rxc_i[5]
e  Lane 6: xgmii_rxc_i[6]
e Lane 7: xgmii_rxc_i[7]
xg_tx_gclk_o[0 8-lane Transmit SDR XGMII data to PHY.
r e Lane 0: xgmii_txd_o[7:0]
. Lane 1: xgmii_txd_o0[15:8]
e lane 2: xgmii_txd_o0[23:16]
xgmii_txd_o Out 64 e lane 3: xgmii_txd_o[31:24]
e lane 4: xgmii_txd_o0[39:32]
e  lane 5: xgmii_txd_o[47:40]
e lane 6: xgmii_txd_o[55:48]
e Lane 7: xgmii_txd_o[63:56]
xg_tx_gclk_o[0 Control bits for each lane in xgmii_txd_o[ ].
I e  Lane 0: xgmii_txc_o[0]
e lane 1: xgmii_txc_o[1]
e  lane 2: xgmii_txc_o[2]
xgmii_txc_o Out 8 e Llane 3: xgmii_txc_o[3]
e Llane 4: xgmii_txc_o[4]
e lane 5: xgmii_txc_o[5]
e Lane 6: xgmii_txc_o[6]
e lane 7: xgmii_txc_o[7]
GMII Interface?
gmii_rx_d_i rxmac_clk_i In 8 8-bit GMII RX data.
gmii_rx_dv_i rxmac_clk_i In 1 Indicates the GMII RX data is valid when asserted.
gmii_rx_err_i rxmac_clk_i In 1 Indicates the GMII RX data contains error.
gmii_tx_d_o txmac_clk_i Out 8 8-bit GMII TX data.
gmii_tx_en_o txmac_clk_i Out 1 Indicates the GMII TX data is valid when asserted.
gmii_tx_err_o txmac_clk_i Out 1 Indicates the GMII RX data contains error.
gmii_16_rx_d_i rxmac_clk_i In 16 16-bit GMII RX data.
gimu_16_rx_dv rxmac_clk_i In 2 Indicates the GMII RX data is valid when asserted.
gimii_16_rx_err rxmac_clk_i In 2 Indicates the GMII RX data contains error.
im"—ls—tx—d— txmac ekt ) o0t | 16 | 16-bit GMII TX data.
g?u_lﬁ_tx_en temac_clk_| Out 2 Indicates the GMII TX data is valid when asserted.
g:u_lG_tx_err temac_clii Out 2 Indicates the GMII RX data contains error.
MIl Interface?
mii_rx_d_i rxmac_clk_i In 4 4-bit MIl RX data.
mii_rx_dv_i rxmac_clk_i In 1 Indicates the MII RX data is valid when asserted.
mii_rx_err_i rxmac_clk_i In 1 Indicates the MII RX data contains error.
mii_tx_d_o txmac_clk_i Out 4 4-bit MII TX data.
mii_tx_en_o txmac_clk_i Out 1 Indicates the MII TX data is valid when asserted.
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Port Name Clock Domain | 1/O | Width | Description
mii_tx_err_o txmac_clk_i Out 1 Indicates the MIl RX data contains error.
AXIl4-Stream Receive Interface
axis_rx_tdata_ xg_tx_gclk_o[(.) Out 64 AXI4-Stream data from PHY to client.
o 17 txmac_clk_i
xg_tx_gclk_o[0 AXIl4-Stream control that indicates which data is valid on axis_rx_tdata_o[ ].
17, txmac_clk_i e axis_rx_tkeep_o[0]: axis_rx_tdata_o [7:0]
e  axis_rx_tkeep_o[1]: axis_rx_tdata_o [15:8]
. th e  axis_rx_tkeep_o[2]: axis_rx_tdata_o [23:16]
ZXISJX— eep_ Out 8 e  axis_rx_tkeep_o[3]: axis_rx_tdata_o [31:24]
e  axis_rx_tkeep_o[4]: axis_rx_tdata_o [39:32]
e  axis_rx_tkeep_o[5]: axis_rx_tdata_o [47:40]
e  axis_rx_tkeep_o[6]: axis_rx_tdata_o [55:48]
e  axis_rx_tkeep_o[7]: axis_rx_tdata_o [63:56]
axis_rx_tvalid_ xg_x_gclk_o[O.] Out 1 AXI4-Stream data valid.
o 7, rxmac_clk_i
axis rx tuser xg_tx_gclk_o[0 AXIl4-Stream user signal used to indicate that the frame had a length error,
o - = - 17, rxmac_clk_i | Out 1 termination error, or a CRC error. This signal is qualified with the
axis_rx_tlast_o signal.
Ik
axis_rx_tlast_o xg_tx_gc _o[(? Out 1 AXIl4-Stream signal indicating the end of a packet.
17, rxmac_clk_i
AXI4-Stream Transmit Interface
axis_tx_tready | xg_tx_gclk_o[0 . e
. | Out 1 AXIl4-Stream signal indicating that the core can accept data transfer.
o 17, txmac_clk_i
Ik
axis_tx_tdata_i Xg_tx_gc _o[(? In 64 AXIl4-Stream data from client.
17, txmac_clk_i
xg_tx_gclk_o[0 AXI4-Stream control that indicates which data is valid on axis_tx_tdata_i [].
I, txmac_clk_i e  axis_tx_tkeep_i[0]: axis_tx_tdata_i[7:0]
e axis_tx_tkeep_i[1]: axis_tx_tdata_i[15:8]
is b th e axis_tx_tkeep_i[2]: axis_tx_tdata_i[23:16]
iaXIS— X _tkeep_ In 8 e axis_tx_tkeep_i[3]: axis_tx_tdata_i[31:24]
e axis_tx_tkeep_i[4]: axis_tx_tdata_i[39:32]
e  axis_tx_tkeep_i[5]: axis_tx_tdata_i[47:40]
e  axis_tx_tkeep_i[6]: axis_tx_tdata_i[55:48]
e  axis_tx_tkeep_i[7]: axis_tx_tdata_i[63:56]
axis_tx_tvalid_i xg_tx_gclk_o[q In 1 AXIl4-Stream data valid.
17, txmac_clk_i
. .| xg_tx_gclk_o[0 AXI4-Stream user signal used to indicate an error in the frame. This signal is
axis_tx_tuser_i 7 . In 1 - . . .
17, txmac_clk_i qualified with the axis_tx_tlast_i signal.
axis_tx_tlast_i x7g_tx_gc|k_o[9 In 1 AXl4-Stream signal indicating the end of a packet.
17, txmac_clk_i
APB Interface®
. sysbus_clk_i Select signal. Indicates that the completer device is selected and a data
apb_psel_i In 1 > A
transfer is required.
apb_paddr_i sysbus_clk_i In 32 Address signal.
apb_pwdata_i sysbus_clk_i In 32 Write data signal.
apb_pwrite_i sysbus_clk_i In 1 Direction signal. Write =1, Read =0
apb_penable i sysbus_clk_i In 1 Enable signal. Indicates the second and subsequent cycles of an APB
transfer.
apb_pready o sysbus_clk_i out 1 Ready signal. Indicates transfer completion. The completer uses this signal
to extend an APB transfer.
apb_prdata_o sysbus_clk_i Out 32 Read data signal.
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Port Name Clock Domain | 1/O | Width | Description
apb_pslverr_o sysbus_clk_i Out 1 Transfer success or failure signal. Tie to low.
AXIl4-Lite Interface
axi4l_awaddr_i sysbus_clk_i In 32 Write address bus.
axi4l_awvalid_i sysbus_clk_i In 1 Write address valid.
axi4l_awready sysbus_clk_i Out 1 Write address acknowledge.
o)
axi4l_wdata_i sysbus_clk_i In 32 Write data bus.
axi4l_wvalid_i sysbus_clk_i In Write data valid.
axi4l_wready_ sysbus_clk_i Out 1 Write data acknowledge.
o
axi4l_wstrb_i sysbus_clk_i In 4 AXl4-Lite write strobe. This feature is not supported so tied to 0.
axi4l_bresp_o sysbus_clk_i Out 2 Write transaction response.
axi4l_bvalid_o sysbus_clk_i Out 1 Write response valid.
axi4l_bready_i sysbus_clk_i In 1 Write response acknowledge.
axi4l_araddr_i sysbus_clk_i In 32 Read address bus.
axi4l_arvalid_i sysbus_clk_i In 1 Read address valid.
axi4l_arready_ sysbus_clk_i Out 1 Read address acknowledge.
o
axi4l_rdata_o sysbus_clk_i Out 32 Read data output.
axi4l_rresp_o sysbus_clk_i Out 2 Read data response.
axi4l_rvalid_o sysbus_clk_i Out 1 Read data/response valid.
axi4l_rready_i sysbus_clk_i In 1 Read data acknowledge.
Statistics Vector Interface
xg_tx_gclk_o[0 Contains information on the frame transmitted. This bus is qualified by the
17, txmac_clk_i tx_staten_o signal.
e  tx_statvec_o[13:0]: Frame byte count
e  tx_statvec_o[14]: Transmit is OK
e  tx_statvec_o[15]: MAC control inserted by MAC
e  tx_statvec_o[16]: MAC control inserted by Client
e  tx_statvec_o[17]: Jumbo frame
e  tx_statvec_o[18]: Tagged frame
tx_statvec_o Out 28 e  tx_statvec_o[19]: Broadcast address
e  tx_statvec_o[20]: Multicast address
e  tx_statvec_o[21]: Underrun error
e  tx_statvec_o[22]: CRC error
e  tx_statvec_o[23]: Length check error
e  tx_statvec_o[24]: Terminate error
e  tx_statvec_o[25]: Long Frame error
e  tx_statvec_o[26]: PTP1588 frame
e  tx_statvec_o[27]: Reserved for future use
tx_staten_o xg_tx_gclk_o[0 out 1 When asserted, indicates that the contents of the tx_statvec_o bus are

17, txmac_clk_i

valid. This signal is asserted for three txmac_clk_i periods.
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Port Name Clock Domain | 1/O | Width | Description
xg_tx_gclk_o[0 Contains information on the frame received. This bus is qualified by the
17, rxmac_clk_i rx_staten_o signal.
e  rx_statvec_o[13:0]: Frame byte count
e  rx_statvec_o[14]: Frame dropped
e rx_statvec_o[15]: Broadcast frame received
e rx_statvec_o[16]: Multicast frame received
e  rx_statvec_o[17]: CRC error
e  rx_statvec_o[18]: VLAN Tag detected
e  rx_statvec_o[19]: PAUSE frame
rx_statvec_o Out 28
e rx_statvec_o[20]: Length check error
. rx_statvec_o[21]: Frame is too long
e  rx_statvec_o[22]: MAC Address mismatch
e  rx_statvec_o[23]: Unsupported opcode. Only the opcode for PAUSE
frame is supported.
e rx_statvec_o[24]: Minimum IPG violated
e  rx_statvec_o[25]: Receive packet ignored
. rx_statvec_o[26]: PTP1588 frame received
. rx_statvec_o[27]: Reserved for future use
xg_tx_gclk_o[0 When asserted, indicates that the contents of the rx_statvec_o bus are
rx_staten_o . | Out 1 . . . . .
17, txmac_clk_i valid. This signal is asserted for three rxmac_clk_i periods.
xg_tx_gclk_o[0 This is an active-high level status signal from external PHY. Asserted when
I’ the PHY link status is ready. In cases where the local fault/remote fault is
xg_pcsrdy_i In 1 sending an earlier signal such as during the reset state, then this signal is
used by MAC to determine the PHY link status when out of reset. As a
result, the RX_STAT_LINK_OK counter is increased.
LINTR
. sysbus_clk_i Interrupt request. For more information on the assertion of this signal,
int_o Out 1 . .
- refer to the Interrupt Registers section.
Miscellaneous
xg_tx_gclk_o[0 PHY speed selection. The following lists the speed selection for different
17, txmac_clk_i, interfaces:
rxmac_clk_i e  0x0: XGMII interface
. e  0Ox1: 8-bit GMII interface
speed_sel_i* In 2 ) .
e  0x2:16-bit GMIl interface
e  0x3: Mllinterface
Ensure that the MAC are idle with no packet transmission. After modifying
this signal, the client is required to trigger the reset.
TX Pause Frame®
tx_pausreq_i xg_tx_gclk_o[0 In 1 Transmit PAUSE frame.
17, txmac_clk_i] 1 =send request, 0 = do not send request. This is a positive edge-triggered
bit.
The tx_fc_en bit of TX_CTL register should be set to 1 to enable this
feature.
When this port is enabled, the tx_pausreq bit of MAC_CTL register is not
accessible.
Subsequent pause request will not be serviced if the pause frame of the
first request is not transmitted yet.
tx_paustm_i xg_tx_gclk_o[0 In 16 Pause Quanta time.
17, txmac_clk_i This is equivalent to the tx_paustim bit of the PAUSE_TM register.
rx_pause_cntr | xg_tx_gclk_o[0 | Out | 19 Received Pause counter.

(]

17, rxmac_clk_i

This signal is only available in IP option = MAC only. Each Pause Quanta
corresponds to 512 bit times. In 10G Ethernet IP, the 512 bit times is 8 valid
clock cycles. Hence, the counter value is equivalent to quanta time
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Port Name Clock Domain 1/0 | Width | Description
multiplied by 8.

rx_pause_req_ | xg_tx_gclk_o[0 | Out | 1 Received pause request.

o I7,rxmac_clk_i This signal is only available in IP option = MAC only. Used to indicate there
is a pause frame detected.

rx_pause_time | xg_tx_gclk_o[0 | Out | 16 Received Pause Quanta time.

_0 17, rxmac_clk_i This signal is only available in IP option = MAC only. This value represents
the requested pause time from the pause frame. Each pause quanta
corresponds to 512 bit times.

Notes:

1. Available when PHY Interface== XGMII or Dynamic Speed Selection == Enabled.
2.  8-bit GMII is available when PHY Interface== 8-bit GMI or Dynamic Speed Selection == Enabled; 16-bit GMII signals is available
when PHY Interface== 16-bit GMII or Dynamic Speed Selection == Enabled.

Noouvew

4.3. PHY Only Signals (Avant Devices)

Table 4.3. Signal Description—PHY Only (Avant Devices)

Available when PHY Interface==MIl or Dynamic Speed Selection == Enabled.
Available when Dynamic Speed Selection == Enabled.
Available when APB is selected as Host Interface.
Available when TX Pause Frame Generation via Ports is enabled.

For XGMII configuration, it is recommended to use the xg_tx_gclk_o[0] or xg_tx_clk_o.

Port Name | Clock Domain | 1/0 | Width | Description
Serial 1/0
pad_refclkn_i — In 1 156.25 MHz SERDES PLL reference clock signal (-).
pad_refclkp_i — In 1 156.25 MHz SERDES PLL reference clock signal (+).
pad_rxn_i pad_refclkn_i In 1 RX- differential signal.
pad_rxp_i pad_refclkp_i In 1 RX+ differential signal.
pad_txn_o pad_refclkn_i Out 1 TX- differential signal.
pad_txp_o pad_refclkp_i Out 1 TX+ differential signal.
Clock and Reset
xg_tx_clk_i — In 1 TX clock input — 156.25 MHz clock for transmit data path. It is
recommended to use the xg_tx_gclk_o[0] or xg_tx_clk_o.
xg_rx_clk_i — In 1 RX clock input — 156.25 MHz clock for receive data path. It is
recommended to use the xg_tx_gclk_o[0] or xg_tx_clk_o.
xg_tx_clk_o — Out 1 TX clock output (156.25 MHz).
xg_rx_clk_o — Out 1 RX clock output (156.25 MHz).
xg_tx_gclk_o — Out 2 TX clock forwarded to global clock distribution (156.25 MHz).
xg_rx_gclk_o — Out 1 RX clock forwarded to global clock distribution (156.25 MHz).
reset_n_i Asynchronous In 1 Active-low asynchronous reset.
sysbus_clk_i — In 1 Clock for Management module. It is recommended to use 100
MHz.
XGMII
Xg_txc_i xg_tx_gclk_o[0] | In 8 8-bit TX control signal.
bit[0] is the control signal for xg_txd_i [7:0]
bit[1] is the control signal for xg_txd_i [15:8]
bit[7] is the control signal for xg_txd_i [63:56]
When control bit is high, indicates a control byte, otherwise it
is a data byte.
xg_txd_i xg_tx_gclk_o[0] | In 64 64-bit TX data signal.
Xg_IXC_O xg_tx_gclk_o[0] | Out 8 8-bit RX control signal.
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Port Name Clock Domain 1/0 Width | Description
bit[0] is the control signal for xg_rxd_o [7:0]
bit[1] is the control signal for xg_rxd_o [15:8]
bit[7] is the control signal for xg_rxd_o [63:56]
When control bit is high, indicates a control byte, otherwise it
is a data byte.

xg_rxd_o xg_tx_gclk_o[0] | Out 64 64-bit RX data signal.

Non-Standard RX/TX Signals

xg_rxval_o xg_tx_gclk_o[0] | Out 1 RX valid signal. When high, indicates that the corresponding
values on signals xg_rxc_o and xg_rxd_o are valid.

xg_rxrdy_i xg_tx_gclk_o[0] In 1 RX ready signal. This is a flow-control feedback signal. This
signal is only available in Avant ES devices.

xg_pcsrdy_o xg_tx_gclk_o[0] | Out 1 The high level of this signal indicates alignment is achieved and
RX PCS is ready for transaction.

phy_init_done_o xg_tx_gclk_o[0] | Out 1 The high level of this signal indicates alignment is PHY
initialization or reset is done.

pma_rx0_sigdet_hf o xg_tx_gclk_o[0] | Out 1 Receive high-frequency signal detection output. When
asserted, indicates that the receiver is receiving high-frequency
signals.

pma_rx0_sigdet_If o xg_tx_gclk_o[0] | Out 1 Receive low-frequency signal detection output. When
asserted, indicates that the receiver is receiving low-frequency
signals.

AXl4-Lite Interface?!

axi4l_awaddr_i sysbus_clk_i In 32 Write address bus.

axi4l_awvalid_i sysbus_clk_i In 1 Write address valid.

axi4l_awready_o sysbus_clk_i Out 1 Write address acknowledge.

axi4l_wdata_i sysbus_clk_i In 32 Write data bus.

axi4l_wvalid_i sysbus_clk_i In 1 Write data valid.

axi4l_wready_o sysbus_clk_i Out Write data acknowledge.

axi4l_wstrb_i sysbus_clk_i In 4 AXl4-Lite write strobe. This feature is not supported so tied to
0.

axi4l_bresp_o sysbus_clk_i Out Write transaction response.

axi4l_bvalid_o sysbus_clk_i Out Write response valid.

axi4l_bready_i sysbus_clk_i In Write response acknowledge.

axi4l_araddr_i sysbus_clk_i In 32 Read address bus.

axi4l_arvalid_i sysbus_clk_i In Read address valid.

axi4l_arready_o sysbus_clk_i Out 1 Read address acknowledge.

axi4l_rdata_o sysbus_clk_i Out 32 Read data output.

axidl_rresp_o sysbus_clk_i Out Read data response.

axi4l_rvalid_o sysbus_clk_i Out Read data/response valid.

axi4l_rready_i sysbus_clk_i In 1 Read data acknowledge.

APB Interface!

apb_psel_i sysbus_clk_i In 1 Select signal. Indica'Fes tha'.c the completer device is selected
and a data transfer is required.

apb_paddr_i sysbus_clk_i In 32 Address signal.

apb_pwdata_i sysbus_clk_i In 32 Write data signal.

apb_pwrite_i sysbus_clk_i In 1 Direction signal. Write = 1, Read = 0.

apb_penable i sysbus_clk_i In 1 E:a::)FI)eB stirgar;]aslf.;:dicates the second and subsequent cycles of

apb_pready o sysbus_clk_i Out 1 Ready signal. Indicates transfer completion. The completer

uses this signal to extend an APB transfer.
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Port Name Clock Domain 1/0 Width | Description
apb_prdata_o sysbus_clk_i Out 32 Read data signal.
apb_pslverr_o sysbus_clk_i Out 1 Transfer success/failure signal. Tie to low.

Note:

1. Only one of the two interfaces is available as selected by the Host Interface.

4.4. PHY Only Signals (CertusPro-NX Devices)

Table 4.4. Signal Description—PHY Only (CertusPro-NX Devices)

Port Name | Clock Domain | 1/0 | Width | Description

Serial 1/0

pad_refclkn_i — In 1 161.132812 MHz SERDES PLL reference clock signal (-).

pad_refclkp_i — In 1 161.132812 MHz SERDES PLL reference clock signal (+).

pad_rxn_i pad_refclkn_i | In 1 RX- differential signal.

pad_rxp_i pad_refclkp In 1 RX+ differential signal.

pad_txn_o pad_refclkn_i | Out 1 TX- differential signal.

pad_txp_o pad_refclkp_i | Out 1 TX+ differential signal.

Other Reference Clock Source

refclknO_ext_i refclknO_ext_i | In 1 161.132812 MHz reference clock from external I/0 padoO (-).

refclkpO_ext_i refclkpO_ext_i | In 1 161.132812 MHz reference clock from external I/0 padO (+)

refclknl_ext_i refclknl_ext_i | In 1 161.132812 MHz reference clock from external /O pad1 (-).

refclkpl_ext_i refclkpl_ext_i | In 1 161.132812 MHz reference clock from external I/O pad1 (+).

pll_0_refclk_i pll_0_refclk_i | In 1 161.132812 MHz generated reference clock from the Left PLL.

pll_1_refclk_i pll_1_refclk_i | In 1 161.132812 MHz generated reference clock from the Right PLL.

sd_pll_refclk_i sd_pll_refclk_i | In 1 161.132812 MHz reference clock from fabric.

Reference Clock MUX Tree Control Signals

use_refmux_i — In 1 See Reference Clocks section.

diffioclksel_i — In See Reference Clocks section.

clksel_i — In See Reference Clocks section.

Clock and Reset

xg_tx_clk_i - In 1 TX clock input — 156.25 MHz clock for transmit data path.
Note: User needs to ensure the clock must be precisely
generating 156.25 MHz clock from 322.265625 MHz
xg_tx_clk_o.

Xg_tx_rst_n_i Asynchronous | In 1 TX active low reset. Asynchronous assert, synchronous
(xg_tx_clk_i) deassert.

xg_rx_clk_i — In 1 RX clock input — 156.25 MHz clock for receive data path.
Note: User needs to ensure the clock must be precisely
generating 156.25 MHz clock from 322.265625 MHz
xg_tx_clk_o.

Xg_rx_rst_n_i Asynchronous | In 1 RX active low reset. Asynchronous assert, synchronous
(xg_rx_clk_i) deassert.

xg_pcs_clkin_i — In Low speed clock input to PMA. Use 156.25 MHz clock.

xg_tx_clk_o — Out TX clock output —322.265625 MHz.

xg_rx_clk_o — Out RX clock output —322.265625 MHz.

XGMII

Xg_txc_i xg_tx_clk_i In 8 8-bit TX control signal.
bit[0] is the control signal for xg_txd_i [7:0]
bit[1] is the control signal for xg_txd_i [15:8]
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Port Name Clock Domain | I/O Width | Description
bit[7] is the control signal for xg_txd_i [63:56]
When control bit is high, indicates a control byte, otherwise it is
a data byte.
xg_txd_i xg_tx_clk_i In 64 64-bit TX data signal.
Xg_rxc_o xg_rx_clk_i Out 8 8-bit RX control signal.
bit[0] is the control signal for xg_rxd_o [7:0]
bit[1] is the control signal for xg_rxd_o [15:8]
bit[7] is the control signal for xg_rxd_o [63:56]
When control bit is high, indicates a control byte, otherwise it is
a data byte.
xg_rxd_o xg_rx_clk_i Out 64 64-bit RX data signal.
Non-Standard RX/TX Signals
xg_rxval_o xg_rx_clk_i Out 1 RX valid signal. When high, indicates that the corresponding
values on signals xg_rxc_o and xg_rxd_o are valid.
xg_txval_i xg_tx_clk_i In 1 TX valid signal. When high, indicates that the corresponding
values on signals xg_txc_i and xg_txd_i are valid.
xg_txrdy_o xg_tx_clk_i Out 1 TX ready signal. When high, indicates that XGMII PCS is ready to
accept the user data and control signal (xg_txc_i and xg_txd_i).
xg_rx_hi_ber_o xg_rx_clk_i Out 1 The high level of this signal indicates high bit error rate (BER).
xg_rx_blk_lock_o xg_rx_clk_i Out The high level of this signal indicates the block lock is achieved.
APB Interface?!
apb_pclk_i sysbus_clk_i In 1 Clock for Management module (APB interface). It is
recommended to use between 20 MHz to 156.25 MHz clock.
apb_preset_n_i sysbus_clk_i In 1 Active low reset. Asynchronous assert, synchronous (apb_pclk_i)
deassert.
apb_psel_i sysbus_clk_i In 1 Completer select.
apb_penable_i sysbus_clk_i In Enable. This signal indicates the second and subsequent cycles
of an APB transfer.
apb_paddr_i sysbus_clk_i In 16 Address.
apb_pwdata_i sysbus_clk_i In 16 Write Data.
apb_pwrite_i sysbus_clk_i In 1 Indicates write or read access.
0 —Read.
1 - Write.
apb_prdata_o sysbus_clk_i Out 16 Read Data.
apb_pready_o sysbus_clk_i Out 1 Ready. The completer uses this signal to extend an APB transfer.

4.5. MAC + PHY + 1588 Signals (CertusPro-NX Devices)
Table 4.5. Signal Description—MAC + PHY + 1588 (CertusPro-NX Devices)

Port Name | Clock Domain | 1/0 | Width | Description

Serial I/O

pad_refclkp_i — In 1 161.132812 MHz SERDES PLL reference clock signal (+).
pad_refclkn_i — In 1 161.132812 MHz SERDES PLL reference clock signal (-).
pad_rxn_i pad_refclkn_i In 1 RX- differential signal.

pad_rxp_i pad_refclkp_i In 1 RX+ differential signal.

pad_txn_o pad_refclkn_i Out | 1 TX- differential signal.

pad_txp_o pad_refclkp_i Out | 1 TX+ differential signal.

Other Reference Clock Source
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Port Name Clock Domain 1/0 | Width | Description
refclkpO_ext_i — In 1 161.132812 MHz reference clock from external 1/0 padO (+) .
refclknO_ext_i — In 1 161.132812 MHz reference clock from external I/O padoO (-).
refclkpl_ext_i — In 1 161.132812 MHz reference clock from external /0 pad1l (+).
refclknl_ext_i — In 1 161.132812 MHz reference clock from external 1/0 pad1 (-).
pll_0_refclk_i — In 1 161.132812 MHz generated reference clock from Left PLL.
pll_1_refclk_i — In 1 161.132812 MHz generated reference clock from Right PLL.
sd_pll_refclk_i — In 1 161.132812 MHz reference clock from fabric.
— 1’b1 — Use reference clock output from Clock MUX Tree
use_refmux_i In 1 (PCSREFMUX).
1’b0 — Use dedicated reference clocks (pad_refclkp/n_i).
diffioclksel_| — In 1 1’bl - Use refclkp/nl_ext_? as reference clocks.
1’b0 — Use refclkp/n0_ext_i as reference clocks.
— 2’b00 — Use pll_0_refclk_i as reference clocks.
clksel_ | In ) 2’b01 — Use pll_1_refclk_i as reference .clc.)cks. ,
2’b10 — Use reference clock based on diffioclksel_i.
2’b11 — Use sd_pll_refclk_i as reference clock.
xg_pcs_clkin_i — In 1 Low-speed clock input to PMA. Use 156.25 MHz clock.
Clock and Reset
— Clock for Management module.
sysbus_clk_i In 1 It is recommended to use between 20 MHz to 156.25 MHz
clock for XGMII interface.
mac clk - In 1 !nput clock for MAC and TSU. 156.25 MHz clock for XGMII
— interface.
mac rst n . In 1 This active-low mac_rst_n is used to reset MAC and TSU
-0 = block.
reset_n_i Asynchronous In 1 Active low Async global reset.
xg_tx_clk_o — Out TX clock output (322.265625 MHz).
xg_rx_clk_o — Out |1 RX clock output (322.265625 MHz ).
Xg_rx_rst_n_i Asynchronous In 1 RX Active L(?w reset. Asynchronous assert, synchronous
(xg_rx_clk_i) deassert.
Xg_tx_rst_n_i Asynchronous In 1 TX Active L(?w reset. Asynchronous assert, synchronous
(xg_tx_clk_i) deassert.
xg_tx_clk_i — In TX clock input — 156.25 MHz clock for receive data path.
xg_rx_clk_i — In 1 RX clock input — 156.25 MHz clock for receive data path.
AXI4-Stream Receive Interface
axis_rx_tdata_o mac_clk Out | 64 AXIl4-Stream data from PHY to client.
axis_rx_tkeep_o mac_clk out | 8 AXI4-Stream control that indicates which data is valid on
AXls_rx_tdata_o.
axis_rx_tvalid_o mac_clk Out |1 AXI4-Stream data valid.
mac_clk AXI4-Stream user signal used to indicate that the frame had a
axis_rx_tuser_o Out 1 length error, termination error, or a CRC error. This signal is
qualified with the AXls_rx_tlast_o signal.
axis_rx_tlast_o mac_clk Out |1 AXIl4-Stream signal indicating the end of a packet.
AXI4-Stream Transmit Interface
axis_tx_tready_o mac_clk out | 64 AXI4-Stream signal indicating that the core can accept data
transfer.
axis_tx_tdata_i mac_clk In 64 AXI4-Stream data from client.
axis_tx_tkeep_i mac_clk In 3 AXI4-Stream control that indicates which data is valid on
AXls_rx_tdata_o.
axis_tx_tvalid_i mac_clk In 1 AXI4-Stream data valid.
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Port Name

Clock Domain

Width

Description

axis_tx_tuser_i

mac_clk

AXIl4-Stream user
frame.

signal used to indicate an error in the

axis_tx_tlast_i

mac_clk

AXI4-Stream signal indicating the end of a packet.

Non-Standard RX/TX Signals

tx_statvec_o

mac_clk

Out

28

Contains information on the frame transmitted. This bus is
qualified by the tx_staten_o signal.
tx_statvec_o[13:0]: Frame byte count.

tx_statvec_o[14]:
tx_statvec_o[15]:
tx_statvec_o[16]:
tx_statvec_o[17]:
tx_statvec_o[18]:
tx_statvec_o[19]:
tx_statvec_o[20]:
tx_statvec_o[21]:
tx_statvec_o[22]:
tx_statvec_o[23]:
tx_statvec_o[24]:
tx_statvec_o[25]:
tx_statvec_o[26]:
tx_statvec_o[27]:

Transmit is OK.

MAC control inserted by MAC.
MAC control inserted by Client.
Jumbo frame.

Tagged frame.

Broadcast address.

Multicast address.

Underrun error.

CRC error.

Length check error.
Terminate error.

Long Frame error.

PTP1588 frame.

Reserved for future use.

tx_staten_o

mac_clk

Out

When asserted, indicates that the contents of the
tx_statvec_o bus are valid. This signal is asserted for 3
txmac_clk_i periods.

rx_statvec_o

mac_clk

Out

28

Contains information on the frame received. This bus is
qualified by the rx_staten_o signal.
rx_statvec_o[13:0]: Frame byte count.

rx_statvec_o[14]:
rx_statvec_o[15]:
rx_statvec_o[16]:
rx_statvec_o[17]:
rx_statvec_o[18]:
rx_statvec_o[19]:
rx_statvec_o[20]:
rx_statvec_o[21]:
rx_statvec_o[22]:
rx_statvec_o[23]:

Frame dropped.

Broadcast frame received.

Multicast frame received.

CRC error.

VLAN Tag detected.

PAUSE frame.

Length check error.

Frame is too long.

MAC address mismatch.

Unsupported opcode. Only the opcode for

PAUSE frame is supported.
rx_statvec_o[24]: Minimum IPG violated.
rx_statvec_o[25]: Receive packet ignored.
rx_statvec_o[26]: PTP1588 frame received.
rx_statvec_o[27]: Reserved for future use.

When asserted, indicates that the contents of the
rx_statvec_o bus are valid. This signal is asserted for 3
rxmac_clk_i periods.

mac_clk

rx_staten_o Out |1

Interrupt request. See Interrupt Registers for the details of
the assertion of this signal.

TX ready signal. When high, indicates that XGMII PCS is ready
to accept the user data and control signal (xg_txc_i and
xg_txd_i).

mac_clk

int_o Out |1

xg_txrdy_o mac_clk

Out |1

Out |1
Out

xg_rx_hi_ber_o mac_clk The high level of this signal indicates high bit error rate (BER).

xg_rx_blk_lock_o mac_clk The high level of this signal indicates the block lock is
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Port Name Clock Domain 1/0 | Width | Description
achieved.
xg_rxval_o mac_clk out | 1 RX valid signal. When high, indicates that the corresponding
values on signals xg_rxc_o and xg_rxd_o are valid.
xg_txval_i mac_clk In 1 TX valid signal. When high, indicates that the corresponding
values on signals xg_txc_i and xg_txd_i are valid.

APB Interfaces

apb_psel_i sysbus_clk_i In 1 Completer select.

apb_penable_i sysbus_clk_i In 1 Enable. This signal indicates the second and subsequent
cycles of an APB transfer.

apb_paddr_i sysbus_clk_i In 32 Address.

apb_pwdata_i sysbus_clk_i In 32 Write data.

apb_pwrite_i sysbus_clk_i Indicates write or read access.

In 1 0—Read.

1 - Write.
apb_prdata_o sysbus_clk_i Out | 32 Read data.
apb_pready_o sysbus_clk_i out | 1 Ready. The completer uses this signal to extend an APB

transfer.
apb_pslverr_o sysbus_clk_i Out |1 Transfer success/failure signal. Tie to low.

Timestamp Signals

tx_ToD_timestamp External 125 80-bits TX ToD timestamp generated from external ToD
MHz clock counter. This timestamp does not include the fraction
frequency. nanosecond. The recommended clock frequency to generate

In 80 ToD counter is 125 MHz.

Bit 32 to 79: 48-bit seconds field.

Bit 0 to 31: 32-bit nanoseconds field.
rx_ToD_timestamp External 125 80-bits RX ToD timestamp generated from external ToD

MHz clock counter. This timestamp does not include the fraction
frequency. nanosecond. The recommended clock frequency to generate

In 80 ToD counter is 125 MHz.

Bit 32 to 79: 48-bit seconds field.

Bit 0 to 31: 32-bit nanoseconds field.
rx_timestamp_rd_en mac_clk In 1 To enable read operation to RX timestamp FIFO.
rx_timestamp_rd_data mac_clk Data out from the RX timestamp FIFO. The data contains

timestamp + sequence number.

Out | 128 rx_timestamp_rd_data[79:0]: timestamp
rx_timestamp_rd_data[95:80]: sequence number
rx_timestamp_rd_data[127:96]: reserved

rx_timestamp_rd_data_valid | mac_clk Out |1 Data out valid from the RX timestamp FIFO.
rx_timestamp_buffer_data_ | mac_clk out | 32 RX FIFO timestamp count. Indicates the number of
count timestamps stored in the FIFO for you to read.
rx_timestamp_buffer_empty | mac_clk out | 1 Active-low signal. This signal indicates the RX timestamp
_n buffer status during 2-step PTP.
tx_timestamp_rd_en mac_clk In 1 To enable read operation to TX timestamp FIFO.
tx_timestamp_rd_data mac_clk Data out from the TX timestamp FIFO. The data contains
timestamp + sequence number.

Out | 128 tx_timestamp_rd_data[79:0]: timestamp
tx_timestamp_rd_data[95:80]: sequence number
tx_timestamp_rd_data[127:96]: reserved

tx_timestamp_rd_data_valid | mac_clk Out | 1 Data out valid from the TX timestamp FIFO.
tx_timestamp_buffer_data_ | mac_clk Out | 32 TX FIFO timestamp count.
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Port Name Clock Domain 1/0 | Width | Description

count

tx_timestamp_buffer_empty | mac_clk out | 1 Active-low signal. This signal indicates the TX timestamp
n buffer status during 2-step PTP.

4.5.1. Clock Signal for MAC + PHY + 1588 Signals

Table 4.6. Clock Signal for MAC + PHY + 1588 Signals

Interface Signal

Clock Signal

tx_ToD_timestamp/rx_ToD_timestamp

External 125 MHz clock frequency.

rx_timestamp_rd* / tx_timestamp_rd*
rx_timestamp_rd_data* / tx_timestamp_rd_data*

rx_timestamp_buffer* / tx_timestamp_buffer*

Mac_clk

4.6. MAC + PHY Signals (CertusPro-NX Devices)

Table 4.7. Signal Description—MAC + PHY (CertusPro-NX Devices)

Port Name | Clock Domain | 1/0 | Width | Description
Serial I/O
pad_refclkp_i — In 1 161.132812 MHz SERDES PLL reference clock signal (+).
pad_refclkn_i — In 1 161.132812 MHz SERDES PLL reference clock signal (-).
pad_rxn_i pad_refclkn_i In 1 RX- differential signal.
pad_rxp_i pad_refclkp_i In 1 RX+ differential signal.
pad_txn_o pad_refclkn_i Out |1 TX- differential signal.
pad_txp_o pad_refclkp_i Out | 1 TX+ differential signal.
Other Reference Clock Source
refclkpO_ext_i — In 1 161.132812 MHz reference clock from external /O padO (+) .
refclknO_ext_i — In 1 161.132812 MHz reference clock from external 1/0 padO (-).
refclkpl_ext_i - In 1 161.132812 MHz reference clock from external I/0 pad1l (+).
refclknl_ext_i — In 1 161.132812 MHz reference clock from external 1/0 pad1l (-).
pll_0_refclk_i — In 1 161.132812 MHz generated reference clock from Left PLL.
pll_1_refclk_i — In 1 161.132812 MHz generated reference clock from Right PLL.
sd_pll_refclk_i — In 1 161.132812 MHz reference clock from fabric.
— 1’b1 — Use reference clock output from Clock MUX Tree
use_refmux_i In 1 (PCSREFMUX).
1’b0 — Use dedicated reference clocks (pad_refclkp/n_i).
diffioclksel_| — In 1 1’bl - Use refclkp/nl_ext_? as reference clocks.
1’b0 — Use refclkp/n0_ext_i as reference clocks.
— 2’b00 — Use pll_0_refclk_i as reference clocks.
clksel_i In 5 2’b01 — Use pll_1_refclk_i as reference Fl?cks. .
2’b10 — Use reference clock based on diffioclksel_i.
2’b11 — Use sd_pll_refclk_i as reference clock.
xg_pcs_clkin_i — In 1 Low-speed clock input to PMA. Use 156.25 MHz clock.
Clock and Reset
— Clock for the Management module.
sysbus_clk_i In 1 It is recommended to use between 20 MHz to 156.25 MHz
clock for XGMII interface.
mac_clk — In Input clock for MAC. 156.25 MHz clock for XGMII interface.
mac_rst_n — In This active-low mac_rst_n is used to reset MAC block.
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Port Name Clock Domain 1/0 | Width | Description
reset_n_i Asynchronous In 1 Active low Async global reset.
xg_tx_clk_o — Out |1 TX clock output (322.265625 MHz).
xg_rx_clk_o — Out |1 RX clock output (322.265625 MHz ).
. RX Active Low reset. Asynchronous assert, synchronous
Xg_rx_rst_n_i Asynchronous In 1 .
(xg_rx_clk_i) deassert.
. TX Active Low reset. Asynchronous assert, synchronous
Xg_tx_rst_n_i Asynchronous In 1 .
(xg_tx_clk_i) deassert.
xg_tx_clk_i — In TX clock input — 156.25 MHz clock for receive data path.
xg_rx_clk_i — In RX clock input — 156.25 MHz clock for receive data path.
AXIl4-Stream Receive Interface
axis_rx_tdata_o mac_clk Out | 64 AXl4-Stream data from PHY to client.
axis_rx_tkeep_o mac_clk AXI4-Stream control that indicates which data is valid on
Out | 8
AXls_rx_tdata_o.
axis_rx_tvalid_o mac_clk Out |1 AXI4-Stream data valid.
mac_clk AXI4-Stream user signal used to indicate that the frame had a
axis_rx_tuser_o Out 1 length error, termination error, or a CRC error. This signal is
qualified with the AXIs_rx_tlast_o signal.
axis_rx_tlast_o mac_clk Out |1 AXI4-Stream signal indicating the end of a packet.
AXI4-Stream Transmit Interface
axis_tx_tready_o mac_clk out | 64 AXI4-Stream signal indicating that the core can accept data
transfer.
axis_tx_tdata_i mac_clk In 64 AXIl4-Stream data from client.
axis_tx_tkeep_i mac_clk In 3 AXIl4-Stream control that indicates which data is valid on
AXls_rx_tdata_o.
axis_tx_tvalid_i mac_clk In 1 AXI4-Stream data valid.
axis_tx_tuser_i mac_clk In 1 AXI4-Stream user signal used to indicate an error in the
frame.
axis_tx_tlast_i mac_clk In 1 AXl4-Stream signal indicating the end of a packet.
Non-Standard RX/TX Signals
mac_clk Contains information on the frame transmitted. This bus is
qualified by the tx_staten_o signal.
tx_statvec_o[13:0]: Frame byte count.
tx_statvec_o[14]: Transmit is OK.
tx_statvec_o[15]: MAC control inserted by MAC.
tx_statvec_o[16]: MAC control inserted by Client.
tx_statvec_o[17]: Jumbo frame.
tx_statvec_o[18]: Tagged frame.
tx_statvec_o Out | 28 tx_statvec_o[19]: Broadcast address.
tx_statvec_o[20]: Multicast address.
tx_statvec_o[21]: Underrun error.
tx_statvec_o[22]: CRC error.
tx_statvec_o[23]: Length check error.
tx_statvec_o[24]: Terminate error.
tx_statvec_o[25]: Long Frame error.
tx_statvec_o[26]: PTP1588 frame.
tx_statvec_o[27]: Reserved for future use.
tx_staten_o mac_clk When asserted, indicates that the contents of the
Out | 1 tx_statvec_o bus are valid. This signal is asserted for 3
txmac_clk_i periods.
mac_clk Contains information on the frame received. This bus is
rx_statvec_o Out | 28 qualified by the rx_staten_o signal.

rx_statvec_o[13:0]: Frame byte count.
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Port Name

Clock Domain

1/0

Width

Description

rx_statvec_o[14]: Frame dropped.
rx_statvec_o[15]: Broadcast frame received.
rx_statvec_o[16]: Multicast frame received.
rx_statvec_o[17]: CRC error.
rx_statvec_o[18]: VLAN Tag detected.
rx_statvec_o[19]: PAUSE frame.
rx_statvec_o[20]: Length check error.
rx_statvec_o[21]: Frame is too long.
rx_statvec_o[22]: MAC address mismatch.
rx_statvec_o[23]: Unsupported opcode. Only the opcode for
PAUSE frame is supported.
rx_statvec_o[24]: Minimum IPG violated.
rx_statvec_o[25]: Receive packet ignored.
rx_statvec_o[26]: PTP1588 frame received.
rx_statvec_o[27]: Reserved for future use.

rx_staten_o

mac_clk

Out

When asserted, indicates that the contents of the
rx_statvec_o bus are valid. This signal is asserted for 3
rxmac_clk_i periods.

int_o

mac_clk

Out

Interrupt request. See Interrupt Registers for the details of
the assertion of this signal.

xg_txrdy_o

mac_clk

Out

TX ready signal. When high, indicates that XGMII PCS is ready
to accept the user data and control signal (xg_txc_i and
xg_txd_i).

xg_rx_hi_ber_o

mac_clk

Out

The high level of this signal indicates high bit error rate (BER).

xg_rx_blk_lock_o

mac_clk

Out

The high level of this signal indicates the block lock is
achieved.

xg_rxval_o

mac_clk

Out

RX valid signal. When high, indicates that the corresponding
values on signals xg_rxc_o and xg_rxd_o are valid.

xg_txval_i

mac_clk

TX valid signal. When high, indicates that the corresponding
values on signals xg_txc_i and xg_txd_i are valid.

APB Interfaces

apb_psel_i

sysbus_clk_i

Completer select.

apb_penable_i

sysbus_clk_i

Enable. This signal indicates the second and subsequent
cycles of an APB transfer.

apb_paddr_i

sysbus_clk_i

32

Address.

apb_pwdata_i

sysbus_clk_i

32

Write data.

apb_pwrite_i

sysbus_clk_i

Indicates write or read access.
0 — Read.
1 - Write.

apb_prdata_o

sysbus_clk_i

Out

32

Read data.

apb_pready_o

sysbus_clk_i

Out

Ready. The completer uses this signal to extend an APB
transfer.

apb_pslverr_o

sysbus_clk_i

Out

Transfer success or failure signal. Tie to low.
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5. Register Description

This section describes the registers for the 10G Ethernet MAC + PHY IP core.

5.1. MAC + PHY Registers (Avant Devices)

The registers available in the Ethernet MAC + PHY option include all registers from the MAC and PHY.
For register descriptions in the 10GbE MAC and PHY, refer to the MAC Registers and PHY Registers sections.

Note: With the MAC + PHY selected as the IP option, only the AXI4-Lite or APB interface is available for access to both
PCS and MAC registers.

5.2. MAC Registers
All registers are accessed through the APB interface when the IP is configured as MAC Only.

Table 5.1. Access Types for MAC Only

Access Type Behavior on Read Access Behavior on Write Access

RO Returns register value Ignores write access.

wo Returns O Updates register value.

RW Returns register value Updates register value.

RW1C Returns register value Writing 1’b1 on register bit clears the bit to
1’b0. Writing 1’b0 on register bit is ignored.

Reserved Returns O Ignores write access.

5.2.1. Configuration Registers for MAC
The following table lists the 10GbE MAC configuration registers.

Table 5.2. Configuration Registers for MAC

Offset Register Name Access Description

0x000 MODE RW Mode of Operation Register
0x004 TX_CTL RW Transmit MAC Control Register
0x008 RX_CTL RW Receive MAC Control Register
0x00C MAX_PKT_LNGTH RW Maximum Packet Size Register
0x010 IPG_VAL RW IPG Value Register

0x014 MAC_ADDR_O RW MAC Address Register Word 0
0x018 MAC_ADDR_1 RW MAC Address Register Word 1
0x01C TX_RX_STS RO Transmit and Receive Status Register
0x020 VLAN_TAG RO VLAN Tag Register

0x024 MC_TABLE_O RW Multicast Tables Register Word 0
0x028 MC_TABLE_1 RW Multicast Tables Register Word 1
0x02C PAUSE_OPCODE RW Pause Opcode

0x030 MAC_CTL RW MAC Control Register

0x034 PAUSE_TM RW Pause Time Register
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5.2.1.1. MODE Register

This register enables the operation of the MAC. It can be written at any time.

Table 5.3. MODE Register

= LATTICE

Bit Label Description Default

[31:2] Reserved Reserved bits. 0
TX MAC Enable

[1] tx_en . . 0
When set to 1, the TX MAC is enabled to transmit frames.
RX MAC Enable

[0] rx_en . . 0
When set to 1, the RX MAC is enabled to receive frames.

5.2.1.2. TX_CTL Register

This register should be overwritten only when the TX MAC is disabled. Writing this register while TX MAC is active
results in unpredictable behavior.

Table 5.4. TX_CTL Register

Bit Label Description Default

[31:5] Reserved Reserved bits. 0
TX Custom Preamble Mode.

(4] tx_pass_pream When set to 1, the TX MAC operates in custom p'rearr?ble mode where it 0

- - preserves the preamble field presented on the client interface.

Note: Custom preamble mode is only supported by XGMII interface.
Transmit Short Frames.
When set to 1, the TX MAC transmits frames shorter than 64 bytes without

[3] transmit_short adding padding bytes. 0
When set to 0, TX MAC adds padding bytes when frames are shorter than 64
bytes before transmitted to the PHY.
IFG Stretch Mode.

. When set to 1, the TX MAC operates in the IFG stretch mode to match the data

[2] tx_ipg_stretch . . 0
rates of OC-192. The IPG required to match OC-192 is added to the value
specified in the IPG_VAL register.
Flow-control Enable.

[1] tx_fc_en When set to 1, this enables the flow control functionality of the TX MAC. This bit 0
must be set for the TX MAC to transmit a pause frame.
In-band FCS Enable.

[0] tx_pass_fcs When set to 1, the FCS field generation is disabled in the TX MAC, and the client is 0
responsible to generate the appropriate FCS field.

5.2.1.3. RX_CTL Register

This register should be overwritten only when the RX MAC is disabled. Writing this register while RX MAC is active
results in unpredictable behavior.

Table 5.5. RX_CTL Register

Bit Label Description Default

[15:8] Reserved Reserved bits. 0
RX Custom Preamble Mode.
When set to 1, the RX MAC operates in custom preamble mode where it preserves the

[7] rx_pass_pream . . 0
preamble field of the received frame.
Note: Custom preamble mode is only supported by XGMII interface.
Drop MAC Control Frames.

[6] drop_mac_ctrl o 0
When set to 1, all MAC control frames are not passed on to the client interface.

. Receive Short Frames.

[5] receive_short . o*

When set to 1, enables the RX MAC to receive frames shorter than 64 bytes.
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Bit Label Description Default

. Receive Broadcast Frames.
[4] receive_bc . . 0
When set to 1, it enables the RX MAC to receive broadcast frames.

Receive Multicast Frames.
[3] receive_all_mc When set to 1, the multicast frames are received per the filtering rules for such frames. 0
When set to 0, no multicast (except pause frames) frames are received.

Receive Pause Frames.
When set to 1, the RX MAC indicates the pause frame reception to the TX MAC. Pause

2 rx_pause_en 0
(2] X_pause_ frames are received and transferred to the AXI4-Stream interface only when the

drop_mac_ctrl bit is not set.

In-band FCS Passing.
1] rx_pass_fcs When set to 1, the FCS and any of the padding bytes are passed to the AXI4-Stream 0

interface. When set to 0, the MAC strips off the FCS and any padding bytes before
transferring it to the AXI4-Stream interface.

Promiscuous Mode.
[0] prms When set to 1, all filtering schemes are abandoned, and the RX MAC receives frames 0
with any address.
* Note: If the L/T value is less than 46 bytes, it detects as short frame, and it will not be dropped. If the L/T value is less than 46 bytes
but the payload is more than the defined value, then the extra payload will be treated as the padded byte.

5.2.1.4. MAX_PKT_LNGTH Register

This register should be overwritten only when the MAC is disabled. All frames longer than the value (number of bytes)
in this register is tagged as long frames. Writing this register while the MAC is active results in unpredictable behavior.

Table 5.6. MAX_PKT_LNGTH Register

Bit Label Description Default

[31:14] Reserved Reserved bits. 0
Maximum Frame Length.

[13:0] max_pkt_len Used only for statistical purposes, all frames longer than the value given here are 0
marked as long. This value does not affect the frame’s reception.

5.2.1.5.IPG_VAL Register

This register contains the IPG value to be used by the TX MAC. Back-to-back packets in the transmit buffer is sent out
with the IPG setting programmed in this register with DIC.

Table 5.7. IPG_VAL Register

Bit Label Description Default

[15:5] Reserved Reserved bits. —

Transmit Inter-Packet Gap.

Specifies the amount of inter-frame gap in increments of 4 bytes. For
details, refer to the Transmit MAC section. A value of 0 of this register is
prohibited.

[4:0] tx_ipg 5’h1

5.2.1.6. MAC_ADDR_0 and MAC_ADDR_1 Register

The MAC address is stored in the registers in hexadecimal form. For example, to set the MAC address to: AC-DE-48-00-
00-80 would require writing 0x48_00_00_80 to address 0x014 (MAC_ADDR_0). OXAC_DE to address 0x018
(MAC_ADDR_1).

Table 5.8. MAC_ADDR_0 Register

Bit Label Description Default

First four bytes of the MAC address.

0
Ethernet address assigned to the port that is supported by the MAC.

[31:0] mac_addr_0

www.latticesemi.com/legal


https://www.latticesemi.com/legal

Table 5.9. MAC_ADDR_1 Register
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Bit Label Description Default
[31:16] Reserved Reserved bits. 0
Last two bytes of the MAC add .
[15:0] mac_addr_1 asttwo bytes o e. adaress . 0
Ethernet address assigned to the port that is supported by the MAC.
5.2.1.7. TX_RX_STS Register
Table 5.10. TX_RX_STS Register
Bit Label Description Default
[31:5] Reserved Reserved bits. 0
Link is OK.
[4] link_ok When set to 1, this indicates that no fault symbols were received on 0
the link.
Remote fault.
[3] remote_fault When set to 1, this indicates that remote fault symbols were received 0
on the link.
Local fault.
[2] local_fault When set to 1, this indicates that local fault symbols were received on 0
the link.
. Receive MAC idle.
[1] rx_idle L . . 0
When set to 1, this indicates that the RX MAC is inactive.
. Transmit MAC idle.
[0] tx_idle . o 0
When set to 1, this indicates that the TX MAC is inactive.
5.2.1.8. VLAN_TAG Register
This register has the VLAN tag field of the most recent tagged frame that was received.
Table 5.11. VLAN_TAG Register
Bit Label Description Default
[31:16] Reserved Reserved bits. 0
[15:0] vlan_tag VLAN tag ID. 0

5.2.1.9. MC_TABLE_0 and MC_TABLE_1 Register

When the core is programmed to receive multicast frames, a filtering scheme is used to decide whether the frame
should be received or not. This 64-bit matrix forms the hash table that is used to filter out the incoming multicast
frames. For details, refer to the Receive MAC section.

Table 5.12. MC_TABLE_O Register

Bit Label Description Default
31:0] me table 0 Multicast Table Word O.- 0
- - First 4-bytes of the 64-bit hash.
Table 5.13. MC_TABLE_1 Register
Bit Label Description Default
[31:0] me table 1 Multicast Table Word 1.- 0
- - Last 4-bytes of the 64-bit hash.
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This register contains the pause opcode. This is compared against the opcode in the received pause frame. This value is
also included in any pause frame transmitted by the MAC.

Table 5.14. PAUSE_OPCODE Register

Bit Label Description Default
[31:16] Reserved Reserved bits. 0
[15:0] pause_opcode Pause opcode. 16’h01
5.2.1.11. MAC_CTL Register
Table 5.15. MAC_CTL Register
Bit Label Description Default
[31:5] Reserved Reserved bits. —
(4] ignore_pkt Ignore packet. . ' ' 0
When set to 1, the RX MAC ignores or drops incoming packets.
[3:1] Reserved Reserved bits. —
Transmit pause frame.
1 =send request, 0 = do not send request. This is a positive
edge-triggered bit.
The tx_fc_en bit of TX_CTL register should be set to 1 to enable this
feature.
(0] tx_pausreq Set this register jco 1 during send requesF, maintaining it for at least the 0
hold time specified below before resetting it to 0.
Standard maximum frame size of 1,518 bytes requires a hold time of
1,214.4 ns (1,518 bytes divided by 8 bytes per clock cycle = 1,214.4 ns).
Super jumbo frame size of 9,600 bytes requires a hold time of 7,680 ns
(9,600 bytes divided by 8 bytes per clock cycle = 7,680 ns).
Clock cycle of 6.4 ns (per 8 bytes).
5.2.1.12. PAUSE_TM Register
This register has the pause time for a flow control packet sourced by the 10 Gb MAC transmitter.
Table 5.16. PAUSE_TM Register
Bit Label Description Default
[31:16] Reserved Reserved bits. —
[15:0] tx_paustim Pause duration. 0

5.2.2. Interrupt Registers

For details of these registers, refer to the Lattice Interrupt Interface section of the Lattice Memory Mapped Interface
and Lattice Interrupt Interface User Guide (FPGA-UG-02039).

Table 5.17. Summary of Interrupt Registers

Offset Register Name Access Description

0x038 INT_STATUS RW1C Interrupt Status Register.
0x03C INT_ENABLE RW Interrupt Enable Register.
0x040 INT_SET WO Interrupt Set Register.
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5.2.2.1.INT_STATUS Register

Table 5.18. INT_STATUS Register
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Bit Label Description Default
[31:2] Reserved Reserved bits. 0
[1] remote_fault_int Remote fault symbols received. 0
[0] local_fault_int Local fault symbols received. 0
5.2.2.2. INT_ENABLE Register
Table 5.19. INT_ENABLE Register
Bit Label Description Default
[31:2] Reserved Reserved bits. 0
[1] remote_fault_en Enables remote_fault_int. 0
[0] local_fault_en Enables local_fault_int. 0
5.2.2.3. INT_SET Register
Table 5.20. INT_SET Register
Bit Label Description Default
[31:2] Reserved Reserved bits. 0
[1] remote_fault_set Sets remote_fault_int. 0
[0] local_fault_set Sets local_fault_int. 0

5.2.3. Statistics Counters

These statistic counters are wraparound counters and can only be reset when the system reset is asserted. The default
value of these counters is 0.

The register name with “_0" refers to the least significant word of the counter and “_1" refers to the most significant

word.

Table 5.21. Summary of Statistics Counters

Offset Register Name Access Description
0x044 TX_STAT_PKT_LNGTH_0 RO Transmit Packet Length Statistics Counter.

Indicates the total number of octets transmitted in a

particular frame. tx_statvec_o[13:0] is used to
0x048 TX_STAT_PKT_LNGTH_1 RO ! X

implement this counter.
0x04C TX_STAT_ERR_O RO Transmit TX Error Statistics Counter.

Counts the total number of PHY terminated packet. The
0x050 TX_STAT_ERR_1 RO tx_statvec_o[24] is used to implement this counter.
0x054 TX_STAT_UNDER_RUN_O RO Transmit Underrun Error Statistics Counter.

Counts the total number of underrun packets

transmitted. tx_statvec_o[21] is used to implement this
0x058 TX_STAT_UNDER_RUN_1 RO

counter.

OX05C TX_STAT_CRC_ERR_0 RO Transmit CRC Error Statistics Counter.

Counts the total number of packets transmitted with

CRC error. tx_statvec_o[22] is used to implement this
0x060 TX_STAT_CRC_ERR_1 RO

- - == counter.
0x064 TX STAT LNGTH ERR 0 RO Transmit Length Error Statistics Counter. - .
- - - T Counts the total number of packets transmitted with
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Offset Register Name Access Description

length of the packet and length in the Length/Type field
0x068 TX_STAT_LNGTH_ERR_1 RO mismatch. tx_statvec_o[23] is used to implement this

counter.
0X06C TX_STAT LNG_PKT 0 RO Transmit Long packet Statistics Counter.

Counts the total number of packets transmitted with
0x070 TX STAT LNG PKT 1 RO length of the packet longer than the max_frm_size.

X — - == tx_statvec_o[25] is used to implement this counter.

0x074 TX_STAT_MULTCST_O RO Transmit Multicast Packet Statistics Counter. Counts the
total number of multicast packets transmitted.

0x078 TX_STAT_MULTCST_1 RO tx_statvec_o[20] is used to implement this counter.

0x07C TX_STAT_BRDCST_O RO Transmit Broadcast Packet Statistics Counter. Counts
the total number of broadcast packets transmitted.

0x080 TX_STAT_BRDCST_1 RO tx_statvec_o[19] is used to implement this counter.

0x084 TX_STAT CNT 0 RO Transmit Control Packet Statistics Counter. Counts the
total number of control packets (pause frame)
transmitted by the AXI4-Stream interface.

0x088 TX_STAT_CNT_1 RO tx_statvec_o[16] is used to implement this counter.

0x08C TX_STAT_JMBO_0O RO Transmit Jumbo Packet Statistics Counter. Counts the
total number of jumbo packets transmitted.

0x090 TX_STAT_JMBO_1 RO tx_statvec_o[17] is used to implement this counter.

0x094 TX_STAT_PAUSE_0 RO Transmit Pause Packet Statistics Counter.

Counts the total number of pause packets inserted by
0x098 TX STAT PAUSE 1 RO the MAC core (enabled through MAC_CTL register).

X - - - tx_statvec_o[15] is used to implement this counter.
0x09C TX_STAT_VLN_TG_O RO Transmit VLAN Tag Statistics Counter.

Counts the total number of tagged packets transmitted.
0x0A0 TX_STAT_VLN_TG_1 RO tx_statvec_o[18] is used to implement this counter.
OXOA4 TX_STAT_PKT_OK_0 RO Transmit Packet OK Statistics Counter.

Counts the total number of packets transmitted without

any errors. tx_statvec_o[14] is used to implement this
OX0A8 TX_STAT_PKT_OK_1 RO

counter.
0x0AC TX_STAT_PKT_64_0 RO Transmit Packet 64 Statistics Counter.

Counts the total number of packets transmitted with
0x0BO TX_STAT_PKT_64_1 RO length equal to 64.
0x0B4 TX_STAT_PKT_65_127_0 RO Transmit Packet 65 - 127 Statistics Counter. Counts the

total number of packets transmitted with lengths
0x0B8 TX_STAT_PKT_65 127 1 RO between 65 and 127.
0x0BC TX_STAT_PKT_128_255_0 RO Transmit Packet 128-255 Statistics Counter. Counts the

total number of packets transmitted with lengths
0x0C0 TX_STAT_PKT 128 255 1 RO between 128 and 255.
0x0C4 TX_STAT_PKT_256_511_0 RO Transmit Packet 256-511 Statistics Counter. Counts the
total number of packets transmitted with lengths
0x0C8 TX_STAT_PKT_256_511_1 RO between 256 and 511.
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Offset Register Name Access Description

0x0CC TX_STAT_PKT_512_1023_0 RO Transmit Packet 512-1023 Statistics Counter. Counts the
total number of packets transmitted with lengths

0x0DO TX_STAT_PKT_512_1023_1 RO between 512 and 1,023.

0x0D4 TX_STAT_PKT_1024_1518 0 RO Transmit Packet 1024-1518 Statistics Counter. Counts
the total number of packets transmitted with lengths

0x0D8 TX_STAT_PKT_1024 1518 1 RO between 1,024 and 1,518.

0x0DC TX_STAT_PKT_1518 0 RO Transmit Packet 1518 Statistics Counter.

Counts the total number of packets transmitted with
OxOEO TX_STAT_PKT_1518 1 RO length greater than 1,518.

OXOE4 TX_STAT_FRM_ERR_0 RO Transmit Frame Error Statistics Counter.

Counts the total number of packets transmitted with

error. tx_statvec_o[14] is used to implement this
OxOE8 TX_STAT_FRM_ERR_1 RO

— - - = counter.

Ox0EC TX_STAT_PKT_1519_2047_0 RO Transmit Packet 1519-2047 Statistics Counter. Counts
the total number of packets transmitted with lengths

0xO0F0 TX_STAT_PKT_1519_2047_1 RO between 1,024 and 2,047.

OxO0F4 TX_STAT_PKT_2048_4095_0 RO Transmit Packet 2048-4095 Statistics Counter. Counts
the total number of packets transmitted with lengths

OxOF8 TX_STAT_PKT_2048_4095_1 RO between 2,048 and 4,095.

OxOFC TX_STAT_PKT_4096_9216_0 RO Transmit Packet 4096-9216 Statistics Counter. Counts
the total number of packets transmitted with lengths

0x100 TX_STAT_PKT_4096_9216_1 RO between 4,096 and 9,216.

0x104 TX_STAT_PKT_9217_16383_0 RO Transmit Packet 9217-16383 Statistics Counter. Counts
the total number of packets transmitted with lengths

0x108 TX_STAT_PKT_9217_16383_1 RO between 9,217 and 16,383.

0x10C RX_STAT_PKT_LNGTH_0O RO Receive Packet Length Statistics Counter. Indicated the
length of the packet received. rx_statvec_o[13:0] is

0x110 RX_STAT_PKT_LNGTH_1 RO used to implement this counter.

0x114 RX_STAT_VLN_TG_O RO Receive VLAN Tag Statistics Counter.

Counts the total number of tagged packets received.
0x118 RX_STAT_VLN_TG_1 RO rx_statvec_o[18] is used to implement this counter.
0x11C RX_STAT_PAUSE_O RO Receive Pause Packet Statistics Counter.

Counts the total number of pause packets received.
0x120 RX_STAT_PAUSE_1 RO rx_statvec_o[19] is used to implement this counter.
0x124 RX_STAT_FLT_O RO o o

Receive Filtered Packet Statistics Counter.

rx_statvec_o[22] is used to implement this counter.
0x128 RX_STAT FLT 1 RO
0x12C RX_STAT_UNSP_OPCODE_0 RO Receive Unsupported Opcode Statistics Counter. Counts

the number of packets received with unsupported

Opcode. rx_statvec_o[23] is used to implement this
0x130 RX_STAT_UNSP_OPCODE_1 RO

counter.
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Offset Register Name Access Description

Receive Broadcast Packet Statistics Counter. Counts the
Ox134 RX_STAT_BRDCST_O RO number of packets received that were directed to the

broadcast address. This does not include multicast
0x138 RX_STAT_BRDCST_1 RO packets. rx_statvec_o[15] is used to implement this

counter.

Receive Multicast Packet Statistics Counter. Counts the
0x13C RX_STAT_MULTGST_O RO number of packets received that were directed to the

multicast address. This does not include broadcast
0x140 RX_STAT_MULTCST 1 RO packets. rx_statvec_o[16] is used to implement this

counter.
0x144 RX_STAT_LNGTH_ERR_0 RO Receive Length Error Statistics Counter. . .

Counts the total number of packets received with

length of the packet and length in the Length/Type field
0x148 RX_STAT_LNGTH_ERR_1 RO mismatch. rx_statvec_o[20] is used to implement this

counter.
Ox14C RX_STAT_LNG_PKT 0 RO Receive Long Packet Statistics Counter.

Counts the number of packets received longer than the

max_pkt_len. rx_statvec_o[21] is used to implement
0x150 RX_STAT_LNG_PKT_1 RO this counter.
0x154 RX_STAT_CRC_ERR_O RO Receive CRC Error Statistics Counter.

Counts the number of packets received with CRC error.
0x158 RX_STAT_CRC_ERR_1 RO rx_statvec_o[17] is used to implement this counter.
Ox15C RX_STAT_PKT_DISCARD_0 RO Receive Packet Discard Statistics Counter.

Counts the number of packets discarded at the receive

end. rx_statvec_o[14] is used to implement this
0x160 RX_STAT_PKT_DISCARD_1 RO

- - - - counter.
Ox164 RX STAT PKT IGNORE 0O RO Receive Packet Ignored Statistics Counter. Counts the
B - B number of packets ignored when you request using the
ignore_pkt. rx_statvec_o[25] is used to implement this
0x168 RX_STAT_PKT_IGNORE_1 RO counter.
OX16C RX STAT PKT FRAGMENTS 0 RO Receive Packet Fragmer?ts Stat'IStICS Counter. Counts‘the
- - - - number of packets received with less than 64 octets in
length and has either an FCS error or an alignment
0x170 RX STAT PKT FRAGMENTS 1 RO error. rx_statvec_o[13:6] along with rx_statvec[17] are
- o - used to implement this counter.
ox174 RX STAT PKT JABBERS 0 RO Receive Packet Jabbers -StatIStI-CS Counter. Counts the
- - - - number of packets received with length longer than

1,518 octets and has either an FCS error or an
0x178 RX_STAT_PKT_JABBERS_1 RO alignment error. rx_statvec_o[13:0] along with

rx_statvec_o[17] are used to implement this counter.
0x17C RX_STAT_PKT_64_0 RO Receive Packet 64 Statistics Counter. Counts the

number of packets received that were 64 octets in
length (including bad packets). rx_statvec_o[13:0] is
0x180 RX_STAT_PKT_64_1 RO used to implement this counter.
0x184 RX_STAT_PKT_65_127_0 RO Receive Packet 65-127 Statistics Counter. Counts the

number of packets received that were between 65-127
0x188 RX_STAT_PKT_65_127_1 RO octets in length (including bad packets).
0x18C RX_STAT_PKT_128_255_0 RO Receive Packet 128-255 Statistics Counter. Counts the

number of packets received that were between 128-
0x190 RX_STAT_PKT_128 255 1 RO 255 octets in length (including bad packets).
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Offset Register Name Access Description
0x194 RX_STAT_PKT_256_511_0 RO Receive Packet 256-511 Statistics Counter. Counts the
number of packets received that were between 256-
0x198 RX_STAT_PKT_256_511_1 RO 511 octets in length (including bad packets).
0x19C RX_STAT_PKT_512_1023_0 RO Receive Packet 512-1023 Statistics Counter. Counts the
number of packets received that were between 512-
0x1A0 RX_STAT PKT_512_ 1023 1 RO 1,023 octets in length (including bad packets).
O0x1A4 RX_STAT_PKT_1024_1518 0 RO Receive Packet 1024-1518 Statistics Counter. Counts
the number of packets received that were between
0x1A8 RX_STAT_PKT_1024_1518 1 RO 1,024-1,518 octets in length (including bad packets).
0x1AC RX_STAT_PKT_UNDERSIZE_O RO Receive Packet Undersize Statistics Counter. Counts the
number of packets received that were less than 64
0x1B0O RX_STAT_PKT_UNDERSIZE_1 RO octets long and were otherwise well formed.
0x1B4 RX_STAT_PKT_UNICAST_O RO Receive Packet Unicast Statistics Counter.
Counts the number of good packets received that were
0x1B8 RX_STAT_PKT_UNICAST 1 RO directed to a single address.
Packets Received Statistics Counter.
0x1BC RX_STAT_PKT_RCVD_0 RO Counts the number of packets received (including bad
packet, broadcast, and multicast packets).
0x1C0 RX STAT PKT RCVD 1 RO rx_statvec[15] and rx_statvec_o[16] are used to
- - - implement this counter.
ox1C4 RX_STAT PKT_64_GOOD_CRC_0 RO Receive Packet 64 with Good CRC Statistics Counter.
Counts the number of packets received with length less
than 64 and with a good CRC. rx_statvec_o[13:6] and
0x1C8 RX_STAT_PKT_64_GOOD_CRC_1 RO . .
- - == - = rx_statvec_o[17] are used to implement this counter.
Ox1CC RX STAT PKT 1518 GOOD CRC 0 RO Receive Packet 1518 with Good CR(F StatIS‘tICS Counter.
- - - - - - Counts the number of packets received with length
more than 1,518 and with a good CRC.
0x1D0 RX_STAT_PKT_1518_GOOD_CRC_1 RO rx_statvec_o[13:0] and rx_statvec_o[17] are used to
implement this counter.
0x1D4 RX_STAT_PKT_1519_2047_0 RO Receive Packet 1519-2047 Statistics Counter. Counts
the number of packets received that were between
0x1D8 RX_STAT_PKT_1519 2047_1 RO 1,519 - 2,047 octets in length (including bad packets).
0x1DC RX_STAT_PKT_2048_4095_0 RO Receive Packet 2048-4095 Statistics Counter. Counts
the number of packets received that were between
0x1EO RX_STAT_PKT_2048 4095 1 RO 2,048 — 4,095 octets in length (including bad packets).
Ox1E4 RX_STAT_PKT_4096_9216_0 RO Receive Packet 4096-9216 Statistics Counter. Counts
the number of packets received that were between
Ox1E8 RX_STAT_PKT_4096_9216_1 RO 4,096 — 9,216 octets in length (including bad packets).
Ox1EC RX_STAT_PKT_9217_16383_0 RO Receive Packet 9217-16383 Statistics Counter. Counts
the number of packets received that were between
0x1FO RX_STAT_PKT_ 9217 16383_1 RO 9,217 — 16,383 octets in length (including bad packets).
0X204 TX_STAT_PTP1588_PKT 0 RO Transmit PTP1588 Statistics Counter. Counts the

number of PTP1588 packets transmitted. The
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Offset Register Name

Access

Description

0x208 TX_STAT_PTP1588_PKT 1

RO

tx_statvec_o[26] is used to implement this counter.

0x20C RX_STAT_PTP1588_PKT_0

RO

0x210 RX_STAT_PTP1588_PKT 1

RO

Receive PTP1588 Statistics Counter. Counts the number
of PTP1588 packets received. The rx_statvec_o[26] is
used to implement this counter.

0x21C RX_STAT_LINK_OK

RO

Receive link_ok Statistics Counter. Counts the number
of link_ok bit received.

Note: If you wish to use the RX link_ok statistics
counter, you cannot reset the MAC signals, such as
xg_rxval_o and xg_rx_blk_lock_o signals when the RX
PHY is down.

0x224

TX_STAT_PKT_LNGTH_ACCU_0 RO

0x228

TX_STAT_PKT_LNGTH_ACCU_1 RO

Transmit Accumulation Byte Statistic Counter. Count
and accumulate the total packet length that will receive
from AXIS interface and transmits to XGMII interface.
The counter will roll over to 0 if full.

0x22C

RX_STAT_PKT_LNGTH_ACCU_0 RO

0x230

RX_STAT_PKT_LNGTH_ACCU_1 RO

Receive Accumulation Byte Statistic Counter. Count and
accumulate the total packet length that will receive
from XGMII interface and transmit to AXIS interface.
The counter will not increase if the packet received is
discarded by MAC. The counter will roll over to 0 if

full.

5.3. PHY Registers (Avant Devices)

All registers are accessed through the APB interface when the IP is configured as PHY Only. Access Types of each
register are defined in the following table.

Table 5.22. Access Types for PHY

Access Type Behavior on Read Access Behavior on Write Access

RO Returns register value Ignores write access.

WO Returns 0 Updates register value.

RW Returns register value Updates register value.

RW1C Returns register value Writing 1’b1 on register bit clears the bit to
1’b0. Writing 1’b0 on register bit is ignored.

Reserved Returns 0 Ignores write access.

5.3.1. Configuration Registers for PHY

The following table shows the register address map for the 10GbE PHY IP core.

Table 5.23. Register Address Map for PHY

AXl4-Lite . Bit i

Offset APB Offset Register Name Width Description

PCS Registers

0xA000 — 0x5000 — PCS Module Registers 16 Refer to the Lattice Avant SERDES/PCS User
O0xAOFC 0x507F Guide (FPGA-TN-02313).

For more information on the address mapping, refer to the PHY Management section.

5.4. PHY Registers (CertusPro-NX Devices)

This section provides detailed descriptions of 10G Ethernet PCS data registers.
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The following register address map specifies the available IP core registers.

Table 5.24. Register Address Map for PHY (CertusPro-NX Devices)

APB Offset Register Name Bit Width Description

0x7A00 — Ox7AFF PMA Registers 16 Refer to the Appendix A section of the
CertusPro-NX SerDes/PCS User Guide (FPGA-TN-
02245).

0x7B00 — 0x7BEA MPCS Module Registers 16 Refer to the Multi-Protocol PCS Module User
Guide (FPGA-IPUG-02118).

5.5. MAC + PHY+ 1588 Registers (CertusPro-NX Devices)
This section provides detailed descriptions of the MAC + PHY + 1588 registers.

5.5.1. Register Address Mapping

The following table lists the address decoding for the MAC, PHY, and TSU blocks. The base address must be adjusted
accordingly to access each individual registers in the respective blocks.

Table 5.25. Register Address Mapping

Block APB Base Address
MAC 0x0000 — Ox3FFF
PHY 0x5000 onwards
TSU 0x4000 — Ox4FFF

For example, to write to the TSU block Debug register (offset = 0x0), you need to drive the Address = 0x4000 with the
desired DATA. To read from the TSU Debug register, you need to read from Address = 0x4000.

5.5.2. TSU Configuration Registers
TSU registers are included in the MAC. Address decoding is needed for the TSU block configuration.

Table 5.26. TSU Configuration Registers

Offset Register Name Mode | Description

0x000 Debug Register RW Used as a debug register.

0x004 Version Number Register RO Version number.

0x008 PTP RX Packet Counter Register RO This register is used to count the number of RX PTP packets
received.

0x00C PTP TX Packet Counter Register RO This register is used to count the number of TX PTP packets
transmitted.

0x010 Non-PTP RX Packet Counter Register | RO This register is used to count the number of non-PTP RX
packets received.

0x014 Non-PTP TX Packet Counter Register | RO This register is used to count the number of non-PTP TX
packets transmitted.

0x018 Egress Delay Register RW This register is used to configure TX transceiver delay.

0x01C Ingress Delay Register RW This register is used to configure RX transceiver delay.

0x02C RX PTP Timestamp Buffer Register RO This register is used to keep track of the number of PTP
packets in the RX timestamp buffer.

0x030 TX PTP Timestamp Buffer Register RO This register is used to keep track of the number of PTP
packets in the TX timestamp buffer.

0x038 MAC Address 0 Register RW This register is used to configure MAC Address Word 0. This
MAC address is used by TSU to identify the PTP packet.
MAC_ADDR_0 and MAC_ADDR_1 Register
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Offset Register Name Mode | Description
0x03C MAC Address 1 Register RW This register is used to configure MAC Address Word 1. This
MAC address is used by TSU to identify the PTP packet.
MAC_ADDR_0 and MAC_ADDR_1 Register
0x040 Packet Reset Register RW This register is used to reset all packet counters. Therefore,
the following registers are reset:
e  PTP RX Packet Counter Register (0x008)
e  PTP TX Packet Counter Register (0x00C)
e  Non-PTP RX Packet Counter Register (0x010)
e  Non-PTP TX Packet Counter Register (0x014)
0x044 Timestamp Buffer Register RO This register is used to report the TX/RX timestamp and
residence buffer status.
Table 5.27. [0x0000] Debug Register
Field Name Description Access Default
[31:0] Debug reg Used as debugging purpose. RW 32'h28101997
Table 5.28. [0x0004] Version Number Register
Field Name Description Access Default
[31:0] Version_reg Version number RO 32'h00000001
Table 5.29. [0x0008] PTP RX Packet Counter Register
Field Name Description Access Default
[31:0] rx_ptp_packets_count _reg | PTP RX Packet Counter—Number of PTP RO 32'h0
packets received.
Table 5.30. [0x000C] PTP TX Packet Counter Register
Field Name Description Access Default
[31:0] tx_ptp_packets_count _reg PTP TX Packet Counter—Number of PTP RO 32'h0
packets transmitted.
Table 5.31 [0x0010] Non-PTP RX Packet Counter Register
Field Name Description Access Default
[31:0] rx_non_ptp_packets_count_reg | Non-PTP RX Packet Counter—Number of RO 32'h0
non-PTP packets received.
Table 5.32 [0x0014] Non-PTP TX Packet Counter Register
Field Name Description Access Default
[31:0] tx_non_ptp_packets_count Non-PTP TX Packet Counter—Number of RO 32'h0
_reg non-PTP packets transmitted.
Table 5.33 [0x0018] Egress Delay Register
Field Name Description Access Default
[31:0] egress_delay_reg Egress Delay—The delay between the RW 32'h0
timestamping point of TX packet parser
and the TX (out-going) serial pad. For
more information, refer to the PHY Delay
Value section.
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Field

Name

Description

Access

Default

[31:0]

Ingress_delay_reg

Ingress Delay—The delay between the
timestamping point of RX packet parser
and the RX (incoming) SFP serial pad. For
more information, refer to the PHY Delay
Value section.

RW

32'h0

Table 5.35 [0x002C] RX PTP Timestamp Buffer Register

Field

Name

Description

Access

Default

[31:0]

rx_timestamp_buffer_data_count
_reg

Number of PTP packets in RX timestamp
buffer.

RO

32'h0

Table 5.36 [0x0030] TX PTP Timestamp Buffer Register

Field

Name

Description

Access

Default

[31:0]

tx_timestamp_buffer_data_count
_reg

Number of PTP packets in TX timestamp
buffer.

RO

32'h0

Table 5.37 [0x0038] MAC Address 0 Register

Field

Name

Description

Access

Default

[31:0]

mac_addr_low_reg

MAC Address 0. Used by the TSU to
identify the PTP packet. If the source
address does not match with the MAC
address, then it will not be considered as
a PTP packet and is treated as a normal
packet. This register has the same
programming sequence as the
MAC_ADDR_0(0x014) and
MAC_ADDR_1(0x018) registers in the
MAC_ADDR_0 and MAC_ADDR_1
Register section.

For example: MAC_ADDR: AC-DE-48-00-
00-80.

You must assign MAC address 0[31:0] =
48-00-00-80.

RW

32'h0

Table 5.38 [0x003C] MAC Address 1 Register

Field

Name

Description

Access

Default

[31:16]

Reserved

RO

16’h00

[15:0]

mac_addr_high_reg

MAC Address 1. Used by the TSU to
identify the PTP packet. If the source
address does not match with the MAC
address, then it will not be considered as
a PTP packet and is treated as a normal
packet. This register has the same
programming sequence as the
MAC_ADDR_0(0x014) and
MAC_ADDR_1(0x018) registers in the
MAC_ADDR_0 and MAC_ADDR_1
Register section.

For example: MAC_ADDR: AC-DE-48-00-
00-80.

You must assign MAC address 1[15:0] =

RO

32'h0
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Field Name Description Access Default
AC-DE.
Table 5.39 [0x0040] Packet Reset Register
Field Name Description Access Default
[31:1] Reserved — RO 31’h0
[0] Packet_reset_reg Parser Packet Count Reset. This resets RW 1'b0
both PTP [TX,RX] Packet Counter and
Non-PTP [TX,RX] Packet Counter.
0—No reset.
1—Reset.
Table 5.40 [0x0044] Timestamp Buffer Register
Field Name Description Access Default
[31:8] Reserved — RO 24’h0
[7] rx_timestamp_buffer_empty_reg | RXtimestamp buffer empty status. RO 1'b0
[6] rx_timestamp_buffer_full_reg RX timestamp buffer full status. RO 1'b0
[5] rx_residence_buffer_empty reg RX residence buffer empty status. RO 1'b0
[4] rx_residence_buffer_full_reg RX residence buffer full status. RO 1'b0
[3] tx_timestamp_buffer_empty_reg | TX timestamp buffer empty status. RO 1'b0
[2] tx_timestamp_buffer_full_reg TX timestamp buffer full status. RO 1'b0
[1] tx_residence_buffer_full_reg TX residence buffer full status. RO 1'b0
[0] Tx_residence_buffer_empty_reg TX residence buffer empty status. RO 1'b0
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The following example designs are generated along with the 10G Ethernet MAC IP core in <Component Name>/eval
folder:

6.1. Example Design Configuration

Eval example design (Certus-Pro NX devices)

This example design integrates the 10G Ethernet MAC IP core with a pre-generated CertuxPro-NX 10G Ethernet
PHY IP core and GPLL into an Ethernet sub-system. You can simulate the example design using the QuestaSim™
software. For more information, refer to the Eval Example Design Components (CertusPro-NX Devices) section.
Versa example design (Avant devices and CertusPro-NX devices)

The versa example design integrates the 10G Ethernet MAC and Avant or CertusPro-NX PHY IP core with the AXI4-
Lite and data checker into an Ethernet sub-system. The 10G Ethernet MAC + PHY IP Versa example design allows
you to compile, simulate, and test the 10G Ethernet MAC + PHY IP on the following Lattice evaluation boards:

e Avant G/X Versa board
e  CertusPro-NX Versa board

For more information, refer to the Versa Example Design Components (Avant Devices and CertusPro-NX Devices)

section.

For more information on testing the IP with the evaluation board, refer to the Hardware Testing section.

The following table shows the IP configuration for the 10G Ethernet MAC IP example design.

Table 6.1. IP Configuration for the 10G Ethernet MAC IP Example Design

GUI Parameter

IP Configuration

PHY Interface XGMII
Dynamic Speed Selection Disabled
Multicast Address Filtering Don’t Care
Statistics Counters Registers Don’t Care
Frame Type Don’t Care

6.2. Overview of Example Design and Features
Key features of the 10G Ethernet MAC IP example design include:

Ethernet packet generator to generate and compare packets
Integrated 10G Ethernet MAC with 10G Ethernet PCS and GPLL to demonstrate the expected clocking scheme

Loopback transmitted packet at the serial interface

Supports continuous and non-continuous mode packet transmission (Versa example design only)
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6.3. Example Design Components

6.3.1. Eval Example Design Components (CertusPro-NX Devices)

The 10G Ethernet MAC IP eval example design includes the following blocks:
e 10 Gb Ethernet MAC core

e 10 Gb Ethernet PCS core

e GPLL

e APBdriver

e  AXI-Stream driver

e Data checker

Testbench
APB Clock Reference Clock ~
(156.25 MHz) (161.1328125 MHz)

10 Gb Ethernet Subsystem

APB Driver <

APB Interface

A A / vV VY
AXI-Stream Driver > —XGMII TX-» "
. AXt-Stream Interfpee 106 Ethernet <“XGMII RX— mfcztcz::et Serial Loopback
\ 4 ‘ pEccor B (Pre-generated)
Data Checker
Y PLL Clock X Cllock Output

(156.25 MHz) (322.265625 MHz)
v

GPLL

Figure 6.1 10 Gb Ethernet MAC IP Eval Example Design Block Diagram

6.3.1.1. 10G Ethernet MAC Core

The 10G Ethernet MAC core block instantiates 10G Ethernet MAC IP core with selected configuration. In transmit data
path, it receives packets from the AXI-Stream driver and sends them to the 10G Ethernet PCS. In the receiving data
path, it forwards packets from the 10G Ethernet PCS core to the data checker.

6.3.1.2. 10G Ethernet PCS Core

The 10G Ethernet PCS core block instantiates the CertusPro-NX 10G Ethernet PHY IP core with pre-generated
configurations. In transmit data path, it sends packets from the 10G Ethernet MAC IP core to serial interface signals. In
receive data path, it forwards received packet at serial interface signals to the 10G Ethernet MAC IP core. For more
information on the features of the CertusPro-NX 10G Ethernet PHY IP core, refer to the CertusPro-NX 10G Ethernet PHY
IP Core User Guide (FPGA-IPUG-02163).

6.3.1.3.GPLL

The GPLL receives 322.265625 MHz input clock from the 10G Ethernet PCS core and generates 156.25 MHz output
clock to drive transmit and receive data path logics. The GPLL must have Fractional-N Divider mode disabled.
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6.3.1.4. APB Driver

The APB driver is an example design component that configures the register of the 10G Ethernet MAC as shown the
following table to demonstrate usage of the APB interface of the 10G Ethernet MAC. You must modify the registers and
their value to match with your target application.

Table 6.2. APB Driver Configuration Registers

10G Ethernet MAC Register Address Offset 10G Ethernet MAC Register Name Configuration Value
0x000 MODE 0x3

0x004 TX_CTL 0x0

0x008 RX_CTL 0x1

0x010 IPG_VAL 0x10

6.3.1.5. AXI-Stream Driver

The AXI-Stream driver generates packets for the AXI-Stream Transmit Interface of the 10G Ethernet MAC. The contents
of the packets are randomized.

6.3.1.6. Data Checker

The Data checker monitors generated packets from the AXI-Stream driver and compared them with packets from the
AXI-Stream Receive Interface of the 10G Ethernet MAC core. An error signal is flagged if the packets are mismatched.

6.3.2. Versa Example Design Components (Avant Devices and CertusPro-NX Devices)
The 10G Ethernet MAC IP versa example design includes the following blocks:

e 10 Gb Ethernet MAC + PHY IP core

e  AXl4-Lite module (Avant devices only)

e  APB module (CertusPro-NX devices only)

e  AXI-Stream driver

o  Data checker

Sysbus_clk_i Re(f:i;i:ce
156.25 MHz 156.25 MHz
l \
10G Ethernet IP Core
AXl4-Lite Interface
AXl4-Lite Module i l
—XGMII TX-» =
H 4 XGMII RX—
AXI-Stream Packet > 106G Ethernet MAC 10G Ethernet PHY
Generator [
AXl4-Stream Interface
Serial
Interface
Data Checker
T xg_tx_gclk_o
156.25 MHz

Figure 6.2 10 Gb Ethernet MAC IP Versa Example Design Block Diagram
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6.3.2.1.10 Gb Ethernet MAC + PHY IP Core

The 10G Ethernet MAC instantiates the 10G Ethernet MAC IP core based on the configuration value described in Table
6.3. In the transmit data path, the 10G Ethernet MAC receives packets from AXI-Stream Packet Generator and sends
the packets to the 10G Ethernet PHY. In the receive data path, the 10G Ethernet MAC forwards packets from the 10G
Ethernet PHY core to the Data Checker. The 10G Ethernet MAC is connected to the 10G Ethernet PHY within the 10G
Ethernet IP core through the XGMII interface. The clock source to the Ethernet MAC is from xg_tx_gclk_o, which is the
clock output from the Ethernet PHY. In the transmit data path, the 10G Ethernet PHY sends packets from 10G Ethernet
MAC core to serial interface signals. In the receive data path, it forwards the received packet at serial interface signals
to the 10G Ethernet MAC core.

6.3.2.2. AXI4-Lite Module or APB Module

The AXI4-Lite module (Avant devices) or APB module (CertusPro-NX devices) is the example design component that
configures the register of the 10G Ethernet MAC. The example design component demonstrates the usage of the AX14-
Lite interface or APB interface of the 10G Ethernet and initializes the MAC to enable transmit and receive data path.
You must modify the registers and the values to match your target application.

Table 6.3. AXI4-Lite Module or APB Module Configuration Registers

10 Gb Ethernet MAC Register Address Offset | 10 Gb Ethernet MAC Register Name Configuration Value
0x000 MODE 0x3

0x004 TX_CTL 0x0

0x008 RX_CTL 0x1

0x010 IPG_VAL 0x10

6.3.2.3. AXI-Stream Packet Generator

The AXI-Stream Packet Generator generates packets for the AXI-Stream Transmit Interface of the 10G Ethernet MAC.
The contents of the packets are randomized.

6.3.2.4. Data Checker

The Data Checker monitors the generated packets from the AXI-Stream Packet Generator and compares them with the
packets from the AXI-Stream Receive Interface of the 10G Ethernet MAC core. An error signal is flagged if the packets
are mismatched.
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6.4. Generating Example Design

6.4.1. Create New Radiant Project

1. Inthe Radiant software, go to File > New - Project... or click on the New Project icon.

[
8’ - M

£ Bt Pags

LATTICE

Lartie Radlast Sofmars - S1art Page (on be_Taim 55

o e e ] ERa220 [}

B
A

SR

RADIANT
o Welcome Back
Propest
Arced Progedt List

Fw Project ipen Progect g Eimyie
nfor mateor Co e

141 L2

Geming Staned Totueiain. Liser Chusices Suppan Contes

Figure 6.3. Start Page of the Radiant Software
2. Enter the project Name and Location, and click Next.
Mew Project en Mc-farm37) -

Project Nama
Enter & name for your project and specify a directony vwhese the project dats files il be stored

Project
Hame: eth_10g_ip

Location: | fhomeinssmsudLimy_designa/eth_10g_demadeth 109 ip * Browse.
Project will be created at MomeirsamsudLimy designsfeth_10g_ dema/eth 10g ip Creats subdinectory
Implementation

Mame: impl_1

Locafssn:  fomenssmaud]imy_ designaleth 10 demaleth 109 ipfmpl 1

Help < Back | Mext= | Cancel

Figure 6.4. Create a New Project
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New Project X

Add Source
Add HDL, constraint or other files.

Source files: Add Source...

Copy source to implementation source directory
Create empty constraint files

< Back Next > Cancel Help

Figure 6.5. Add Source to Project

3. Inthe Select Device window, follow these steps:
a. Select LAV-AT (Avant) family = LAV-AT-X70 or G70 device, then click Next.

New Project (on lde-farm37) M
.
Select Davice '
Specity a target device for the progect.
Select Device: Device Information:
Family: Device: Core Voltage: nav ]
ICEAOLUP (ICE4D LiltraPlus) LAV-AT-E30 System LCs: 637000
L*:'-i'l Adovant) LAN-AT-ETD LLITs: 394480
LFCPNX [CertusPro-NX) g
o e, e e
LFMAO5 (MachD5-NxX} EBR Blocks: 90
LIFCL (Crossbink-NX) LAGHC0) 0.
UTZAE {Certus-HE-RT) Li-AT-GTOES Lt !
UT24CP {Certushro. NX-BT} Lit-aT-X 10 DSPs: 1800
LAW-AT-XTOES PLLS: 1 |
DLLs: 13
PCSs: T
1 ¥ PHO Celis: 558
Oiperating Condition: Pacicage: P} Pimg: 558
Irddustrial = |LFGL1S6 -
Perfarmance Gragde:
1 -
Part Numbser:
LAV-AT-GT0-1LFG1156 o
Ol Dhlh SHiel fof Diyids
Help i Btk Hoxt = Careel

Figure 6.6. Select an Avant Device for the Project
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b. Select LFCPNX (CertusPro-NX) family = LFCPNX-100, then click Next.

Select Device:

Device Selector (on ldc-farm42)

Device Information:

Family: Device: Core Voltage: 1.00V
iCE40UP (iCE40 UltraPlus) LFCPNX-2X100RCS Logic Cells: 96000
A R S e
ertusPro- LFCPNX-100 . )
LFD2NX (Certus-NX) LFCPNX-100AUTODIE Reglsters: 79872
LFMXO05 {MachX05-NX) EBR Blocks: 208
LIFCL (CrossLink-NX) .
LN2-CT (Certus-KH) WRELAE v
LN2-MH (Mach-KH) DSP (18x18 Multiplier): 156
UT24C (Certus-NX-RT) .
UT24CP (CertusPro-NX-RT) ADC Blocks: 1
PLLs: 4
DLLs: 2
PCSs: 2
[ > ALUs: 1
Operating Condition: Package: DPHYs: 0
Industrial + A5G256 ~ | PlOCells: 299
Performance Grade: FIO Pins: 159
9 _High-Performance_L.0V -
Part Number:
LFCPNX-100-9A5G256! -
Online Data Sheet for Device
oK Cancel
Figure 6.7. Select an CPNX Device for the Project
4. In the Select Synthesis Tool window, click Next.
New Project *
Select Synthesis Tool
Specify a synthesis tool for the imph

<Back | Next= Cancel Help

Figure 6.8. Select a Synthesis Tool

Help
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5. The Project Information window lists the specifications of the new project. Click Finish.

Wew Project [on Ide-farm37) ~ %

Praject Information
The new project will be generated with the following specifications

Progect:

Project Name: eth_10g ip

Project Location: /home/nssmsudlimy_designaieth_10g_demareth_10g _io
Implementation Mame: imgd_1

Drewioe: LA-AT-GT0-1LFG1156

Syrithesis Tool: Synplify Pro

Helg = faik [Eirish, Cancel

Figure 6.9. Project Information

6. The new Radiant project is generated. View the project summary under the Project Summary tab.

Lattice Radlant Software -[home/nsamsud1/my_designs/eth_10g_demojeth_10g_ip/eth_10g_ip.rdf] - Reports (on ldc-farm37)

- 8 x
Ede Edit View Project Tools Window Help
- 2@ & : ~ " o m VB
-3 A QeaQ EE AaLl eerEEED L G0RR > M
> B oo B rocecromevesin [l ewonres
Qo Find Text o ox 2} Stant Page Reports a
[+ [ eth 109 ip
B LAVAT-GT0-1LFG11561 Reports Eth_10g_ip Project Summary
- Strategles. Implementation Name: impl_1 Performance Grade: 1
e
] Timing Strategy Name: Strategyl era IND
3
4 Strategyl Part Nurmibes LAV-AT-GT0-1LFG 11561 Synplity Pro
- % impl_1 (Synplify Pro} » 7] Map Reporis
o e worsss ——
Script Files » | Misc Reports Project File: home/nsamsudLimy_designs/eth_10g_demaieth_10g_ip/eth_10g_ip.raf
Ay s
Resource Usage
i LuT4: [ 10 Bufhers o
Eth_10g_ip Constraints Dropped Summary
T v @ERROR:0 A CRITICAL: 0 WARNING: 0 @ INFO:0 T Group by ID [
3 Fite List  [E] Source Template  [2] 1P Catalog [ el Console = Output ] Message

Figure 6.10. A Radiant Software Project is Created
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6.4.2. IP Installation and Generation
1. Goto IP Catalog = IP on Server tab. Under the Connectivity category, right-click on the 10 Gb Ethernet IP and

select Download to install the IP. Alternatively, you can click on the icon to start the IP installation. If you

already have the 10G Ethernet IP installed, proceed to step 2.

2.

Lattice Radiant Software - - o
Fle Edt Viow Project Toos Window Hep
-E-A 9 e Qaaa @@ o CeNEERMERELQORERESBSE
» B oo | B racesmouetsion | [l ewonrie
20 o% 2 x ) Star Page <1 Regort Browser © 1P Information A
IPen Local P on Server T
10 Gb Ethernet
AHB-ice [ 498 | AX0-Stream
e Description
Show lates P vession only
e This IP core allows the implementation of 4 different IP oplions, namely "MAC + PHY", "MAC + PHY + 1588", "PHY only" and "MAC only"
[ ModuleP on Local for LFCPNX and LFMXOS: "MAC only”, "PHY only”, "MAC + PHY + 1588 and "MAC + PHY" is supported
T Moduie for LAV-AT* “MAC enly”, "PHY only”, and "MAC = PHY" is supported
» 3 Architecture Modules
» 7 Amthmene_ Modules The 10 Gb Ethernet MAC transmits and receives data between a host processor and an Ethernet network. Its main function is to ensure that the Media Access rules specified in the 802.3 |EEE Standards are met.
> 53 DSP Arthmetic_ Modules The Ethernet Media Access Controllers (MACs) and Physical Layer Devices (PHYS) are connected through 10 Gigabit Media Independent Interface (XGMII). The Physical Coding Sublayer (PCS) and Physical Medium Attachment
¥ 3 Memoany_Modules (PMA) functionality in this IP core is implemented following the IEEE 8023 10G Base-R specification
-w
= B3 Iticesemicom For LAV-AT-GT0ES and LAV-AT-X70ES devices, MAC-only option will be supported
~ B Comectiity .
© 106k Ethemet. Devices Supported
LFCPNX-100
LFCPNX-50
LAV-AT-GT0
LAV-AT-X70
LFMXO5-55T
LEMXOS-100T
Starsing: "pri_creste -name Yechllg® —impl %impl LR —dev LAV-AT-X70-3LFGLISET -pesformemce 3% —synchesis Msymplifyet A x
Starcing: mprj_save =
starting: paree design source Ciles
(VERI- Analyzing verilog filt 'Gi/locs/Taiant/2025.1/cac library/synSnesis/verslog/lav-ati.r
Done: design load fimisned with (0) errors, and (0] warmings
1 File List (] Source Template &) \Pcmlg [ T cle. = Mim

Figure 6.11. IP Catalog

Go to the IP on Local tab. Right-click on the 10 Gb Ethernet IP and select Generate... to launch the IP GUI.

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-IPUG-02245-1.8

94


https://www.latticesemi.com/legal

LATTICE

10G Etht.ernet IP -+
User Guide

Lattice Radiant Software - a X
Fle Edt View Projedt Toos Window Hep
== . = > u ¥ Q QO p | PN I v ST e
A D aqaa @F S RENE%GOREESBSHE
» I wior [ rwcsomong |- omne | L
R+ 4 E Y Start Page Report Browser @ 1P Information e
IPon Local P on Server A3
10 Gb Ethernet
AHB-Lite  APB|  AXM-Stream
S Description
Show latest 1P versian only.
This IP core allows the implementation of 4 different IP options, namely "MAC + PHY", "MAC + PHY + 13887, "PHY only” and "MAC only”.

Show IP supparted by targetdevice arly

2 ModulenP on Local for LFCPNX and LFMX0S: "MAC enly”, "PHY only”, "MAC + PHY + 1588 and "MAC = PHY" is supparted

* Mod
Madule for LAV-AT": "MAC only”, “PHY only”, and "MAC + PHY" is supperted
» Aschitecture Modules
Asithmetic Modules The 10 Gb Ethernet MAC transmits and receives data between a host processor and an Ethernet network Its main function is to ensure that the Media Access rules specified in the 8023 IEEE Standards are met.
DSP_Askhmeic fodules The Ethemet Media Access Cantrollers (MACS) and Physical Layer Devices (PHYs) are connected through 10 Gigabit Media Independent Interface (XGMII), The Physical Coding Sublayer (PCS) and Physical Medium Attachment
* [ Memory Modules (PMA) functionality in this IP core is implemented following the IEEE 802.3 10G Base-R specification.
P
B ltticesemicom For LAV-AT-G7OES and LAV-AT-X7OES devices, MAC-only option will be supported
+ 9 Connectiity - d
{0 1060 Etheme: % Genenste.. ices Supporte
B Remove PNX-100
o reren
BNX-50
& nstall P from file...
-AT-G70
LaV-AT-X70
LFMXO5-55T
LFMXOS-100T
Stazcing: "ri_creste -name "ethl0gh -impl Timpl 1" -dev LAV-AT-X70-3LEGLISEI -performance "3* —synthesis "aynplifyt o x
starcing: *pr3_save *
Stazsing: parse design source riles
[VERI-1462] Anelyring Verilog fale 'Ci/l
Done: design load finished with (0) ecxos
I Fie ist_[E] Source Template &5 P Catalog H TdComsole [ Ouput & Message

Figure 6.12. IP Generation

3. Enter Component Name and click Next.

— Module/IP Block Wizard (on ldc-farm37) A X

Generate Component from IP eth_10g Version 3.0.0.0
This wizard will guide you through the configuration, generation and instantiation of this ModulefIP.
Enter the following information to get started.

Component name: eth_10g_ip [ ]
Create in: fhome/nsamsudl/my_designs/eth_10g_demo/eth_10g_ip ) Browse...

sate a folder for eth_10g_ip inside the me/nsamsudl/my designs

Next > Cancel

Figure 6.13. Generate Component

4. The following window allows you to change the IP configuration. Set the PCS Lane ID to 24 for Avant G/X devices
and set the PCS Lane ID to 6 for CertusPro-NX devices. Apply the default settings for the remaining IP
configurations, and click Generate.
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| Module/1P Block Wizard

Configure Component from IP eth_10g

Set the following parameters to configure this component.

Diagram eth10g Configure eth10g:
eth10g S
T Pause Frame Generation via Ports
AXIS_MAH= S —
axis_rx_tuser_o— Statistics Counter Registers
pad_txn_of—
~{HHAx14L_s0 pad_txp_o—
~{HHAxIs_S0 phy_init_done_of—
—axis_tx_tuser_| pma_rx0_sigdet_hf_o}— ~* PMA Setup-Transmitter Subgroup
—pad_refclkn_i pma_rx0_sigdet_If_o}— TX Amplitude Control [0 - 63]
— pad_refclkp_i rx_staten_of— TX Pre Cursor [0 -31]
—pad_rxn_i ri_statvec_o[27:0] = TX Post Cursor [0-31]
—pad_rxp_i tx_staten_of— ~ PMA Setup-Receiver Subgroup
—reset_n_i tx_statvec_o[27:0]m= RX Coupling Mode
—rxmac_dk i xg_pesrdy ol RX Loss of Sig port Enable
DFE Enable
—isysbus_clk_i xg_rx_clk_op—
—txmac_clk_i xg_rx_gck_op
xg_rxval_op— + PHY Confi "
xg_tx dk_of— FEC Mode
*g_tx_gelk_o[1:0]pm Fast Simulation Mode
eth_1 Og PCS Lane ID
- hd Loopback Mode
User Guide Mo DRC issues are found.

Value

24

AC Coupling
]
Enabled

Disabled

2

Neo Loopback

< Back Generate Cancel

Note:

* Applicable for LAV-AT-G70 and LAV-AT-X70.

Figure 6.14. Configure Component

For PHY configuration, verify that the selected PCS Lane ID corresponds to the actual serial connection on board. For onboard
connectivity details, refer to the CertusPro-NX Versa Board User Guide or Avant-G/X Versa Board User Guide.

6.4.3. Importing Example Design Files to a Project

The 10G Ethernet IP generates two sets of example design files in the eval directory of the IP.

Table 6.4. Comparison of Eval and Versa Example Design Files

Feature Settings

Example Design

Eval Versa
(CertusPro-NX Devices) (Avant Devices)
Supported variants MAC only MAC + PHY
PHY only
MAC + PHY*
Simulation Yes Yes
Run hardware in development board No Yes

*Note: This MAC + PHY is supported through instantiation of MAC only + PHY only.
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The following figure shows the files generated under the Eval directory.

(Z:) » my_designs » eth_10g1 » gweqwel2d » eval
() MName : Date modified Type Size

| constraint.pdc PDCFile 1KB
| definew V' File 2KB
| dut_inst.v V File 2KE
| dut_params.v V File 1KB

README txt Text Document TKB
| tb_top_evalv V File 11 KB
| tb_top_versa.sv SV File 11 KE

ten_gb_subsys.de DO File 1KB
| ten_gbe_pcs_test.v ¥ File 1,167 KB
| ten_gbe_pllv V File 36 KB
| ten_gbe_subsys.sv SV File S KB
| versa.,pdc PDC File 3KB
| versa_top.sv SV File 25 KB

Figure 6.15. File List in the Eval Directory

Table 6.5. Description of Generated Files in the Eval Folder

Files Description

README.txt Contain instructions to use Eval and Versa example design files of this directory.
constraint.pdc Post-synthesis constraints for Eval example design.

dut_inst.v Contain instantiation of IP based on selected configuration of the 10G Ethernet IP.

Included by eval_top.sv and versa_top.sv.

dut_params.sv

Contain IP parameters based on selected configuration of the 10G Ethernet IP.
Included by tb_top_eval.sv and tb_top_versa.sv.

Files supported by CertusPr

0-NX devices: LFCPNX-100 only

ten_gb_subsys.do

to the MAC Only option.

QuestaSim script to perform simulation for the Eval testbench. This .do file is used to execute sub-
system (Generated </nstance Name>.v with 10 Gb PCS IP sample design) simulation. Only applicable

ten_gbe_subsys.sv

Top-level design file for the Eval example design.

ten_gbe_pcs_test.v

10GBASE-R PCS testbench for CertusPro-NX devices.

ten_gbe_pll.v

10GBASE-R PCS PLL file for CertusPro-NX devices.

tb_top_eval.sv

Testbench for the Eval example design.

Files supported by CertusPr

0-NX devices only (eval/versa_top/Ifcpnx_10g/)

top.v Top-level design file for hardware example design.
th_top.v Top-level simulation file for hardware example design.
pll_1.v PLL module from foundation IP.

OSsCC.v 0OSC module from foundation IP.

pcs_apb_w.v;
pcs_apb_w_r.v

APB module for register configuration.

traffic_genchk.v

Traffic generator module to generate random traffic for transmission and perform checking in
loopback.

debounce.v

Debounce module for hardware mechanical input.

cpnx_versa_10g.pdc

Post-synthesis constraint file for CertusPro-NX Versa board.

tb_top.do

Script to group simulation signals.

Files supported by Avant devices only: LAV-AT-G70, LAV-AT-X70, (eval/versa_top/avant_x70_10g)

versa.pdc

Post-synthesis constraints for the Versa example design.

versa_top.sv

Top-level design file for the Versa example design.

tb_top_versa.sv

Testbench for the Versa example design.
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debounce.v Debounce module for hardware mechanical input.
osc_ip.v 0OSC module from foundation IP.
psc_apb_w_r.v APB module for register configuration.
pcs_apb_w.v
traffic_genchk.v Traffic generator module to generate random traffic for transmission and perform checking in
loopback.
tb_top_versa.do Script to group simulation signals.

To import Versa files to the Radiant software project, follow these steps:
1. For Avant devices, select part number LAV-AT-X70-3LFG11561 and set the Package option to LFG1156.
Note that the current Versa example design is tested on LAV-AT-X70.

Select Device: Device Information:

Family: Device: Core Voltage: 0.82V
ICE40UP (iCE40 UltraPlus) | LAV-AT-ESD System LCs: 637000
LAV-AT (Avant) LAV-AT-ETO LUTs: 357440
LFCPNX (CertusPro-NX) LAY-AT-ETOB Registers: 2397440
LFD2MNX (Certus-MNX) LAV-AT-ETOEST

EBR Blocks: 990
LFMXO5 (MachX05-Nx) LAV-AT-GSD oeks
LIFCL (CrossLink-NX) LAV-AT-GT0 DDRPHY: 3
LM2-CT (Certus-M2) LAV-AT-GTOES DSPs: 1800
UT240C (Certus-MNX-RT) LAW-AT-X350 PLLs: 11
UT24CP (CertusPro-MNX-RT)  LAV-AT-X70 DllLs: 1
LAY-AT-X70ES
PCSs 7
1 L4 PIO Cells: 558

Operating Condition: Package: PIC Pins: 558

Industrial ¥ | | LFG1156 -

Performance Grade:

3 -
Part Mumber:
LAV-AT-X70-3LFG11561 -

Online Data Sheet for Device

oK Cancel Help

Figure 6.16. Device Setup for Avant Devices

For CertusPro-NX devices, select part number LFCPNX-100-9LFG672I and set the Package option to LFG672.
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Device Selector

Select Device:
Family:

-

ap6all

ICE40UP (iCE40 UltraPlus)
krbal0

LAV-AT (Avant)

LFCPMX (CertusPro-Nx)
LFD2MNX (Certus-MNX)
LFMX 04

LFMHO5 (MachX03-NX)
LIFCL {CrossLink-MNX)
LM2-CT (Certus-M2)
LM2-MH (Mach-N2)
LITIAC (C arbue MY AT A

Operating Condition:
Industrial =
Performance Grade:

% _High-Performance_1.0V
Part Mumber:

LFCPMNX-100-9LFGE72I

Online Data Sheet for Device

Device:

LFCPNX-2X100RCS
LFCPNX-50
LFCPNX-100
LFCPMNX-100AUTODIE

4
Package:
LFGE72

*

Device Information:
Core Voltage: 1.00V
Logic Cells: 96000
LUTs: 79872
Registers: 79872
EER Blocks: 208
LRAM: 7
DSP (18x18 Multiplier): 136
ADC Blocks: 1
PLLs: 4
DLLs: 2
PCSs: 2
ALUs: 1
DPHYs: 0
PIO Cells: 299
PIO Pins: 299

oK Cancel Help

Figure 6.17. Device Setup for CertusPro-NX Devices

2. Right-click on Input Files, select Add = Existing File..., then add the versa_top.sv file to the Radiant software

project.

The top-level files can be found in IP_NAME/eval/versa_top/DEVICE_INTERFACE.

Table 6.6. Top-Level Files

File Description

Avant X70 Devices (10G Ethernet)

CertusPro-NX Devices (10G Ethernet)

Top-level file to include in software
project

versa_top.sv

top.v

Simulation for top-level file to
include.

th_top_versa.sv

tb_top.sv

Post-synthesis constraint file.

versa.pdc

cpnx_versa.pdc
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Figure 6.18. Add Related Files into the Radiant Software Project

3. Versa design file: versa_top.sv or top.v file. The SIM parameter remains unchanged for both modes.
e Continuous mode:
a. CONTINUOUS_TRAFFIC parameter is default to 1.
b. Allows you to pause and resume the packet transmission via push button in hardware. For more
information on testing the IP with the evaluation board, refer to the Hardware Testing section.
"/l versa_top.sv
module versa_top # |
parameter [CONTINUOUS_TRAFFIC = 1,
parameter SIM = 0
) (
Figure 6.19. CONTINUOUS_TRAFFIC parameter for Continuous Mode in versa_top.sv File
e Non-continuous mode
a. Allows you to change the CONTINUOUS_TRAFFIC parameter to 0.
b. Allows you to define the number of packets transmitted through NUM_PKT parameter.

B4 versa_top.sv
trafic_genchk #(
.CONTINUOUS_TRAFFIC (CONTINUOUS_TRAFFIC),
.MAX_DATA_WIDTH (AXI_DATA_WIDTH),
.MASK_DATA( (AXI_DATA WIDTH 128) ? 128'hEF45_4255_3A4C_5
.NUM_PKT |(20) default :NUM_PKT

//z% 10_000 ffusing:9,199

Figure 6.20. NUM_PKT for Non-Continuous Mode
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4. Right-click on Input Files, select Add = Existing Simulation File..., then add the tb_top_versa.sv file to the Radiant

software project.

am_ipha 051 ™
th 10l ath 051 - 105 kgt

oo Lt [f

ofim: diimy 100 _demovech_10g_iplech_10g ip.rdf] - Reports bon Idc-farm3T)
> R CaCa i el NEER IOEEGBoVME
Hy—— - L
— f— Py
Reports Eth_10g_ip Project Summary
st M gl 1
eyl

LAAT-GI0-ILFGLISS

AT

L] LTG0
e b LPOLE8
a3 e
Bomamamimy_devgralen_10g_descieth_L9 pheh_10g
momemanadliny_desgraien_Lg_demorth_1og_pAmol_L
Existing s
Ty Soatanonn P
0 Usage
] [
Eth 10y ip Constrasnts Dropped Summany
* DEAADR O A CRMICALO |/ WARNMG: 23 | VPO 38 G Gowmiy D
® Progect (25 marmng, 388 infa)

L —

wo

Sympidy oo

HDLOML BT AN 10

UL B3 A1

Figure 6.21. Add the tb_top_versa.sv File into the Radiant Software Project

5. Versa testbench: tb_versa_top.sv or tb_top.v. The SIM parameter remains unchanged for both modes.
a. CONTINUOUS_TRAFFIC parameter is default to 1 for continuous mode packet transmission.

"/ th_top_versa.sv

module tb_top_versal();

parameter [CONTINUOUS_TRAFFIC = 1;
SIM = 1;

parameter

Figure 6.22. CONTINUOUS_TRAFFIC Parameter for Continuous Mode in the tb_versa_top.sv File

b. Allows you to change the CONTINUOUS_TRAFFIC parameter to O for non-continuous mode.

'/ tb_top_versa.sv

module tb_top_versal();

SIM = 1;

CONTINUOUS_TRAFFIC = 0;

Figure 6.23. CONTINUOUS_TRAFFIC Parameter for Non-Continuous Mode in the tb_versa_top.sv File

6. The tb_top_versa.sv file must be included for simulation only so that the versa_top.sv file is automatically set as
the top-level file for the Versa project.

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-IPUG-02245-1.8

101


https://www.latticesemi.com/legal

10G Ethernet IP :I.LATT’CE

User Guide

] Macphy basic/eval/tb_top_versa.sv Package:
7,, macphy_basic/eval/versa_top.sv Open
Pre-Synthesis Constraint Files Open With... Project File:
Post-Synthesis Constraint Files Regenerate All IPs...
X Implementation|
Debug Files v Jrce Usage
Script Files
Analysis Files Resource UY
Programming Files g Analysis
»
p_top - versa_top.sv Exclude from Implementation ICAL: 2 WARNING: 967 oI
affic_genchk(u_traffic_genchk) - versa_top.sv | oo fo)
cs_apb_w_r(u_mpcs_apb_0) - versa_top.sv ) . o )
. Select Synthesis Toal... fhlim/my_designs/ultilization_projec|
sc_ip(u_OSC) - versa_top.sv ) - -
- h _b K _h basi hy basi Set Top-Level Unit...
pacphy_basic(u_macphy_basic) - macphy_basic Set Reference Design... fhlim/my_designs/ultilization_projec
Include for 3 Synthesis and Simulation
Properties Synthesis
© 2043018 INFO - shome *  Simulation

Figure 6.24. Set the tb_top_versa.sv File to be Included for Simulation Only

7. Right-click on Post-Synthesis Constraint Files, select Add > Existing File..., then add the .pdc file to the Radiant
software project.

—_—— — — —_———
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Figure 6.25. Add the .pdc File into the Radiant Software Project

8. You can add and edit the constraints using the Device Constraint Editor or by manually creating a PDC file.
Post-Synthesis constraint files (.pdc) contain both timing and non-timing constraint .pdc source files for storing
logical timing or physical constraints.

Bvarsa.pdc
create _clock -name {pad_refclkn_i} -period 6.4 [get_ports pad_refclkn_i]
create clock -name {pad_refclkp_ i} -period 6.4 [get_ports pad_refclkp_i]
create _clock -name {sysbus_clk} -period 8 [get_nets sysbus_clk_i]
create _clock -name {xg_tx_gclk o} -periocd 6.4 [get_nets {xg_ tx_gclk o[0]}]
create clock -name {xg_rx_gclk o} -peried 6.4 [get_nets xg_rx_gclk o]

set_false path -from [get_ports reset_n_i_pad]

set_false path -from [get_nets {*rst* *reset*}]

set_false path -from [get_nets -hierarchical {*rst* *reset*}]

set_false path -to [get_ports {xg_pcsrdy o int_o}]

set_clock groups -group [get_clocks sysbus_clk] -group [get_clocks xg_tx_gclk o] -group [get_clocks xg_rx_gclk o] -group [get_clocks {pad_refclkn_i pad_refclkp i}] -asynchronous

Figure 6.26. Timing Constraint File (versa.pdc Example from an Avant Device)
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9. The hardware example design preparation is completed.

6.5. Example Design Simulation

This section describes the example design testbench simulation flow for Avant devices and CertusPro-NX devices, how
to create a simulation project, and how to run the simulation.

6.5.1. 10 Gb Ethernet MAC Example Design Testbench Flow

The following diagram shows the testbench simulation flow. After the simulation starts, the testbench waits for 10G
Ethernet PCS link up. The APB driver will configure the 10G Ethernet MAC core to enable transmit and receive data
paths. After that, packets are generated by the AXI-Stream driver and loopback at serial interface. Based on the result
of the content comparison between the transmitted and loopback packets, the simulation PASSED or FAILED status is

displayed.

Waiting for 10G
Ethernet PCS Link Up

|

Configuration of 10G
Ethernet MAC Core

|

Transmit Packets and
Loopback

|

Display Status of Packet
Data Checking

End of Simulation

Figure 6.27. 10G Ethernet MAC Example Design Testbench Flowchart
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6.5.2. Create a Simulation Project

1. Go to menu Tools = Simulation Wizard or click on @ icon to launch the Simulation Wizard GUI.

2. Enter Project name, and click Next.

3. Click Next.

Simulation Wizard (on ldc-farm37) ~

Simulator Project Name and Stage

Enter name and directory for your simulation project. Choose simulator and the process
stage you wish to simulate. Available stages are automatically displayed.

Project

Project name: versa_sim|

Project location:  /home/nsamsudl/my_designs/eth_10g_demo/feth_10g_ip Browse...
Simulator

@ QuestaSim

QuestaSim Qrun
Invoke

Process Stage
@ RTL

< Back Next = Cancel

Figure 6.28. Create a Simulation Project

Simulation Wizard (on Idc-farm37) ~

Add and Reorder Source
Add HDL type source files and place test bench files under the design files.

Source Files: a3 La f\ \) =+

/home/nsamsudl/my_designsfeth_10g_demo/eth_10g_ip/eth_10g_ip/rtlfeth_10g_ip.sv
/home/nsamsudl/my_designsfeth_10g_demo/eth_10g_ipfeth_10g_ip/evalfversa_top.sv
/home/nsamsudl/my_designsfeth_10g_demo/eth_10g_ip/eth_10g_ip/evalith_top_versa.sv

Automatically set simulation compilation file order.
Uncheck this if you want to follow the file order from "Input Files" on File List.

= Back Next = Cancel

Figure 6.29. Include Source Files
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4. Click Next.

Simulation Wizard (on Idc-farm37) A X

Parse HDL files for simulation
Parse HDL files for simulation.

Simulation top parsing finished.
Syr_unsevng
-- Analyzing VHDL file fhomefrel/ng2024_1p.latestpassing//rtflispfpoa/vhdl_packages/
synattr.whd' (VHDL-1481)
-- Analyzing VHDL file /home/reling2024_1p.latestpassing//rtifispfpoalvhdl_packages/synattr.vhd
-- Analyzing Verilog file Yhome/reling2024_1p.latestpassing/rtffcae_library/synthesis/verilog/lav-
atg.v' (VERI-1482)
-- Analyzing VHDL file fhomefrel/ng2024_1p.latestpassing/rtficae_library/synthesis/vhdl/lav-
atg.vhd' (WVHDL-1481)
-- Analyzing VHDL file /home/reling2024_1p.latestpassing/rificae_library/synthesis/vhdlflav-
atg.vhd
-- Analyzing Verilog file Yhome/nsamsudl/my_designs/eth_10g_demo/eth_10g_ipfeth_10g_ip/rtlf
eth_10g_ip.sv' (VERI-1482)
-- Analyzing Verilog file Yhome/nsamsudl/my_designs/eth_10g_demo/eth_10g_ip/eth_10g_ip/
eval/versa_top.sv' (VERI-1482)
-- Analyzing Verilog file fhome/nsamsudl/my_designs/eth_10g_demo/eth_10g_ipfeth_10g_ip/
eval/th_top versa.sv' (VERI-1482)

Hdl files parsing messages are saved at: fhome/nsamsudl/my_designs/eth_10g_demao/
eth_10g_ip/versa_sim/hdlparser.log

Simulation Top Module:  tb_top_versa -

< Back MNext = Cancel

Figure 6.30. Set tb_top* as Top Module

5. Change the settings according to the following figure and click Finish to run the QuestaSim Lattice-Edition software.

Simulation Wizard (on Idc-farm37) A

Summary

Simulator : Questasim Qrun -~

Project Mame : versa_sim

Project Location : fhomefnsamsudl/my_designs/eth_10g_demo/eth_10g_ip

Simulation Stage : RTL

Simulation Files :
/home/nsamsudl/my_designs/eth_10g_demo/eth_10g_ip/feth_10g_ip/rtlfeth_10g_ip.sv
/home/nsamsudl/my_designs/eth_10g_demo/eth_10g_ip/feth_10g_ipfevalfversa_top.sv
/home/nsamsudl/my_designs/eth_10g_demo/eth_10g_ip/eth_10g_ip/eval/tb_top_versa.sv

Simulation Libraries :
prmi_work
ovi_apBa00c

Simulation Ton Module : il

Launch Simulator GUI
Design Optimization - Full Debug Add top-level signals to waveform display
Run simulation

Default Run 100.000 ns ¥ (0 means 'run-all)

Simulator Resolution | default -

= Back FEinish Cancel

Figure 6.31. Change the Time Setting for Default Run
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6.5.2.1. Continuous Mode

1.

2.

The following waveform shows an example of a simulation result for continuous mode.

=
{ i

Figure 6.32. Example Design Simulation Waveform for Continuous Mode

The following figure shows the simulation output for continuous mode with a PASSED status.

# Data matched: exp = Tblalf3db55e7282, obs Tbla3fidb55e7282

# Data matched: exp = 943f7d68Bf122c48, ob3 = 945f7d688f122c48

# Data matched: exp = 28befadlle245890, cbs = 28befadlle25890

# Data matched: exp cifbb8842468065a, obs = cT7fbb8642468065a

# Data matched: exp = BE£7710848d00cb5, obs = 8££7710848d00cb3

# Data matched: exp = 60b2335d729¢527f, obs = 60b2335d729¢527£
%+

# Pause TX traffic; 3rd attempt

# o+ —-

# Data matched: exp = cl6466bae338a4ff, obs = cl6466baei3Balff

# Data matched: exp = 2e2124efdf74£ald5, obs = 2e2l124efdf74fald5

# Data matched: exp = 5cd249dfbee9fdba, obs = 5cd249dfbeedfdba

# Data matched: exp = b3070bBaB4a5aaal, obs = b3070bBadialaaal

# Data matched: exp = 660e1715094b3540, obs = 660e1715094b53540

# Data matched: exp = 894b554033070b8a, obs = 894b5354033070b8a

# Data matched: exp = 1296aaB0660el715, obs = 1296aaB0660el715

# Data matched: exp = fdd3e8d35c4249df, obs = fdd3e8d55c4249df

# Data matched: exp = fba7dlaab88493bf, obs = fbaTdlaab88493bf

# Data matched: exp = 14e293£f82cBcd75, cbs = 14e293ff82c8cd73

# Data matched: exp = 29c527f££05919aeb, obs = 29¢527££05919aeb

# Data matched: exp = c68065aa3fddc42l, obs = c68065aaifddcd2l

# Data matched: exp 579calafel347eibé, obs = 579calafe3deTbé
# Data matched: exp b8d9e2fa590bb97c, obs = b8d9e2£a390bbi7c
# Data matched: exp 71b3c5f4b21772f8, obs = Tlb3c5f4b2177218
# Data matched: exp = 9ef687al885b2c32, obs = %ef687alB85b2c3z
# Data matched: exp 3ded0£4310b65865, obs = 3ded0f4310b65865
# Data matched: exp = d2aB4dlé2afalbaf, obs = d2a8ddlé2afalbat
# Data matched: exp = a35309a2c35£40d53f, obs = a3509a2c35£40d5L
# Data matched: exp 4a15d8796fb85395, obs = 4al5d8796fb85395
# Data matched: exp = 942bb0f2df70a72b, obs = %42bb0f2df70a72b
# Data matched: exp = Tbéef2aTe53cf9el, obs = Tbhéeflale53icfdel
4+

# Resume TX traffic; 3rd attempt

i+

# Data matched: exp = facedeaddeaddead, obs = facedeaddeaddead
# Data matched: exp = 1998a7laf035ad08, obs = 1998a7laf035ad08
# Data matched: exp 33314e35e06b5al0, obs = 33314e35e06b5ald
# Data matched: exp = dc740cé0da2704da, obs = dc740c60da2704da
# Data matched: exp = b6eSl8clb44e09bd, obs = bBeSl8clbdde0dbd
# Data matched: exp = 57ad5a%48e02577e, obs = 37ad3a%48e02377e
# Data matched: exp = af5ab5291c04aefd, obs = af5ab5291c04aefd
# Data matched: exp = 401ff77c2648f037, obs = 40 c2648f037
# Data matched: exp = B03feef84c9lelbe, obs = 803feefBic9lelbe
# Data matched: exp = 6f7aacad7éddbead, obs = 6f7aacadibddbead
# Data matched: exp = def55%5aedbb7d48, obs = def3595aedbb7d4%&
# Data matched: exp = 361fafeed704blb0, obs = 36lfafeed704blb0
# Data matched: exp = d93aedbb7d48efTa, obs = d93aedbb7d4Bef7a

# Data matched: exp = b2b5db76fadldef5, obs = b2bSdbi6fadldefs

# [ 15508400000]: [Normal ]---[tb_top_versa.genblkl]--- +
# [ 508400000] : [Normal ]- —|Lb:tcp:veraa.genb:k1j— - Transaction Check Done
%[ 508400000]:[Normal ]---[tb_top versa.genblkl]--- +
L :[Normal ]---[tb_top versa.genblkl]--- #¥¥é*¥iéki+ DATA TRANSACTION PASSED *#wkwwdwwiis
[ :[Normal ]---[tb_top_versa.genblkl]--- #-—-m—=mmmmm e
L :[Normal ]---[tb_top versa.genblkl]--- +
f 15508400000] :[Normal J===[tb top versa.genblkl]=== SIMULATION PASSED

Figure 6.33. Example Design Simulation Output for Continuous Mode
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6.5.2.2. Non-Continuous Mode
1. The following waveform shows an example of a simulation result for non-continuous mode.
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Figure 6.34. Example Design Simulation Waveform for Non-Continuous Mode
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2. The following figure shows the simulation output for non-continuous mode with a PASSED status.

[ 0] : [Normal |-———[Th_Top &val]——— S0 ia i mi it viia it i A R AR e
LIS 0] : (Normal ]---[tb_top_eval] Svart of Simualation
L 0] : [NOEmal ] === [TE_TOTh VAL mrm s e e o e e e e e e e e e
0 0] : [Normal Teathbench Paramstsrs
Pl 0] : [Normal e o e e e e e
[ 0] : [Formal DATA WIDTH E &4
LI 0] : [Hormal REFERENCE CLOCH (MHz) : L&l.10942€
L 0] : [Normal ) A HKGMII CLOCH (MHZ) ¥ 15€.250000
# [ 0] : [Normal ]---[tb_top_eval]--== +==
# Ona bist_time out = 1'LJ
# Ons lacch_bisc_err = 1"b0
] Ona bist_done = 1'b0
# Ons bist_ok = 1'b0
# E4€T7000 thb_top_eval.ten_gbe_subays.u_ten_gbe_pes.lsec_ten_gbephy_inst.<protected>.<protected>.<pr
otected>  <protected>. <protected>. PCSE]_inst. <protected>.<protected> . <protecteds.<protecteds.<protected>.<protect
ed> . <protecteds.<procecteds. <procecced> ABICDR PHY TX DRIVER : Electrical Idle III
[ 128000000] : [Normal ]=—=[th TOP @VAL] === e o e o o e o o o o o o o o
[ 128000000] : [Formal ]—-[tb_top_sval]-—— Wait for FLL to lock and PCS RX ready
[

128000000] : (Normal [===[Ch_Top eval] === e e e o o o
LESENS24000 zk_top_eval.ten_gbe subays.u ten gbe pos.lscc ten gbephy inst.<protecteds.<protecteds.<pr
otecteds . <procecteds . <procecteds>, PC5X1_inat.<protecteds.<protecteds>.<protecteds . <procecteds. provecteds. <proect
ed> . <protected>».<protected>.<protected> RBICDR PHY TX DRIVER : Electrical Idle I
# 17025036000 Th_tep sval.ten gbe_subays.u _ten_gbe pes.lscc_ten gbephy Inst.<protecteds.<protecteds.<pe
otected: . cprovecteds» . <provected>» . FCSX]1_inat.<protected:.<protected:.<protecteds».<protected».<protvecteds:. {protect
ad> . cprotecteds protecteds . <protecteds ABICDR PHY TX DRIVER : Transmitting Data

LI 21203000000] : [Normal ]---[th_top _eval]--- 4o cm oo e e
LN 21203000000] : [Normal ]=---[th_top_eval]--- PLL lock assserted

[ 21203000000] : [Normal |-——[th_top_sval]-—— PBCS BX is now ready

[ 2L203000000) : (Normal |---[th_top_eval]l--- Driving R¥I4-5Stream TX random transacticna
¥ 21203000000 : [Normal [=--[Th_Top_eual] == Hom oo oo o o o e e e e
LY 24252069100] : [Data)] --- data matched!

U 24252063100] : [Datal -—- exp = deadbecfaaaaffff, obs = deadbecfasaaffff, byte_en = £I
g [ 242584T71100] & [Daza]--- data macched!

L 24258471100) : [Data) --- exp = 25375212b2c28465, cba = 85375212b2c284€5, byte_en = £f
L 242E4873100] : [Daza] - data matched!

Pl 24284873100]) 2 exp = 06d7cd0d00£3e30l, oba = 06d47cd0d00£3e30Ll, byte an = £f
L 24271275100] = dats matched!

LI 24271275100] = exp = le8dcd3d3b23£176, oba = leBdod3id3b23C176, byte en = £f
L 24277€TTL00] = data matched!

# [ 2427TETTLO0] : [Daza]--- €xp = 462dfTEcTEddSTed, oba = 4E2dfT73cTEd45Ted, byte_en = f£f
L 24284079100] : [Data]--- dats matched!

i 24284079100] : [Data] exp = e33724cETcfdesrs, obs = e33724cETcfdeslS, byte_sn = ff
LIS 24250481100] : [Data) data matched!

i 242504511007 : [Daca] exp = d513d2aae2f784cS, obs = d513d2aae2f73dec5, byce_en = ff
L 24296883100] : [Data) data matched!

[ 24256383100] : [Dasa]-—— exp = bB42727772af£725, obs = BBA2727772a££7e5, byte_sn = £f
L 24303285100] : [Daca]--- data matched!

g [ 24303285100] : [Dara] &xp = 47¢cdbIf85324612, obs = JTecdbBfES32dEL2, byte_&n = £f
LIS 24305€67100] : [Daca) data matched!

[ 24309€87100] : [Data] exp = eTTEREceTHINESLZ, oba = ¢TTESECaTII0ERE2, byte _en = £f
[ 24316089100] : [Daca] data matched!

U 24316085100] : [Dakal--- exp = edcadecSf400Taed, cba = elcadecS5f4007aed, byte_en = £f
LI 24322491100] : [Daca] --— data matched!

Pl 2432245%1100] : [Data) exp = defelfbdle53455c, oba = defelfbdleS5B455c, byte_en = £f
L 24328893100] : [Daca] data matched!

L 243288%3100] : [Data) exp = b2aT266586ab582d, obs = b2aT266556ab5E2d, byte_en = ff
LI 243352551007 : [Dara] date matched!

il 24335255100] : [Data] exp = b2aT2665596ab582d, oba = b2aT2€65%86ab582d, byce_en = ff
& [ 2434L€5T100] : [Data] data matched!

LI 2434LE57100] : [Paca] --- exp = 00000000blefE2€3, obe = 2&1bJb3fblef&263, = Of
L 28032000000] : [Normal ]--=-[th_tep_evall--- =

[ 28032000000] : [Normal |-—[th_top_swal] Transaccion Done

L 280320000001 : [Hormal ]---[th_top_evall

[

Pl 28032000000] : [Nozrmal ]=-=-=-[th top_ewval] i
gL 28032000000] : [Normal ]-—-[th_top swval] End of Simulation

Pl 2B032000000] : [Hormal | === [th_top_ewal]=== s+ NuaNn ARANAA AN RN AN RN ik
# *% Hote: Ffinish : Ci/Radiant_project/ethernst/ethernet_mac/eval/th_top_sval.v {117}

¥ Time: 28672 n= Iteracion: 1 Inscance: /th_top_ewval

Data matched: exp = b2b5db76fa91def5, obs = b2b5db76fadldefs
Data matched: exp 5df09923c0dd803£f, obs = 5df09923c0dd803f
Data matched: exp bbel324781bb007f, obs = bbel324781bb007f
Data matched: exp 54a47012bb£f75eb5, cbs = 54a47012bb£75eb5
Data matched: exp = a948e02577eebdéa, obs = a%48e02577eebdéa
Data matched: exp = 460da2704da2elal, obs = 460da2704daZe3al
Data matched: exp = 8clb44e09b45c740, obs = 8clb44e09b45cT740
Data matched: exp = 635e06b5al09998a, obs = 635e06b5al09998a
Data matched: exp = cébc0déb42133314, obs = c6bc0déb42133314
Data matched: exp = 29f94f3e785f6dde, obs = 29f94f3e785f6dde
Data matched: exp = 33f2%e7cflbedbbc, obs 33f£29e7cflbedbbc
matched: exp = bcb7dc29caf28576, cobs bcb7dc29caf28576
Data matched: exp = 796fb853395e50aec, obs T96fb853395e50aec
Data matched: exp = 962afal6afa95426, obs 962afadcaia®5426
[ 9512700000] : [Normal ]---[tb_top versa]--- +

[ 9512700000] : [Normal ]---[tb_top_versa]--- Transaction Done

[ 9512700000] : [Normal ]---[tb top versa]--- +

[ 9512700000]: [Normal ]---[tb_top_versa]--- *#¥i&iddddid DATA TRANSACTION PASSED *dddddddiidd
[

[

[

*

9512700000]: [Normal ]---[tb_top versa]--- +
9512700000] : [Normal ]---[tb_top versa]--- +
9512700000 ] : [Normal ]--—[tb_top_versa]-—- SIMULATION PASSED

* Note: $finish : /home/nsamsudl/my designs/eth_l0g demo/eth l0g ip/eth 10g_ip/eval/tb_top versa.sv(152)
Time: 95752606 ps Iteration: 2 Instance: /tb_top versa

T T E L E E R R E E S SRS EEEETE
-3
1]

Figure 6.35. Example Design Simulation Output for Non-Continuous Mode
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6.6. Hardware Testing

The 10G Ethernet IP is hardware tested on Avant G/X Versa boards and CertusPro-NX Versa board. The following setup
demonstrates the steps for hardware testing on an Avant G/X Versa board:

1. Setup the board as shown in the following figure.
2. Ensure the input poweris 12 V.
3. Itis optional that JP17 jumper is set.to enable the board to operate in 10 Gb. This is applicable for Avant-G/X Versa
board design only.
Connect to USB Programming 12 V Power Input
SFP28 Cage JP17 Jumper 7-Segment LED Push Button
Figure 6.36. Avant-X Versa Board Setup
GPIO and Flash
Headers (J17-18) ADCHeaders  3-digit
JTAG Header SWitches Camera PMODO-1 LPDDR4 and Jumpers Display ADC_DPO Raspberry Pi
31) (SW1) Ccr(;ﬂ;;c)mr (164-65) (u7) (126-29) (D60)  ()25) Connector (J23)
% — POT (R143)
DONE and
Indicator LEDs
(D106) 12V Source
(swe)
USB3 Out
wer) |
12V In (J44)
USB2 In SPI Flash
(u12) (us)
1Gb SFP
(116)
1Gb SFP
(131
10Gb SFP
(J13)
10GbSFP ____|
w12)

| Pde RC
LFCPNX LFCPNX SERDES
PCle Edge Connector
Connector (uy) (x1) Connectors (J2-11)
(N Indicator LEDs

(D63-68, D104-105)

Figure 6.37. CertusPro-NX Versa Board Setup
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4. The following figure shows the 10 Gb SFP28 optical module and optical loopback module as well as the connection
to the Avant-X Versa board SFP1. For CertusPro-NX Versa board, use J12 10Gb SFP.

Figure 6.38. Loopback Module Setup

5. Click on the Run button shown in the following figure to compile the design until it generates the bitstream file.

’ Synthesize Design ] Map Design ‘ Place & Route Design ] Export Files ]

Figure 6.39. Successful Design Compilation

Launch the Radiant Programmer via menu Tools=> Programmer or click on the Radiant Programmer icon ﬂ .
Click on the Detect Cable button.

Select the correct cable associated with the Avant-X Versa board. The number of cables shown in your environment
setup may be different. Select FTUSB-1 for Avant-X Versa board and FTUSB-0 for CertusPro NX Versa board.

9. Select the correct bitstream file that is generated from the 10G Ethernet project in step 5.

4k
10. Click on the programming icon “* . The software displays the programming status.

B3 Programmer: Multiple Cables Detected ? X

Select Cable:

= Cable 1: USB2
*< FTUSE-0 (Dual R5232-HS A Location 0000)
== FTUSB-1 (Dual RS232-HS B Location 0001)

con

Figure 6.40. Cable Selection for Avant-AT-X Device
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B3 Radiant Programmer - impl_1.xcf * — m] x
File Edit View Run Tocls Help

Ned S 80 @[Ee v B

Enzble Status Device Family Device Operation File Name Cable Setup g X
1 - LAV-AT LAV-AT-X70 Fast Configuration | C:/10G/MACPHY/impl_1/MACPHY_impl_1.bit Cable Settings ~
Detect Cable
Cable: HW-USBM-2B (FTDI)
Port: FTUSBE-1 w
Custom port:
< 2 Programming Speed Settings

(®) Use default Clock Divider

™o
e

s e (O Use custom Clock Divider

Ffoan :I—‘

EREENTT aacn

COvmLCAG CARE
b T T

RO Em TCK Divider Setting (0-30x): |1 =

IO Settings w

Qutput g x

INFO <85021074 > - Check configuration setup: Start.

INFO <85021077> - Check configuration setup: Successful (Ignored JTAG Connection Checking).
INFO <85021275> - Device 1 LAV-AT-X70: Fast Configuration

INFO <385021298 > - Operation Done. No errors,

INFO <85021371> - Elapsed time: 00 min : 17 sec

INFO <85021373> - Operation: successful,

Output Td Consale

Figure 6.41. Programmer GUI

11. After the programming stage, press the pushbutton SW12 for Avant-X/G Versa board, or toggle DIP switch DIP_SW1
to HIGH for CertusPro-NX Versa board to trigger a forced reset even though the example design will automatically
trigger a reset. Set the DIP switch for pattern generator to LOW before triggering a reset.

12. After the design has linked up, toggle DIP_SW_1 for Avant-X/G Versa board or DIP_SW?2 to HIGH for CertusPro-NX
Versa board to start Ethernet frames generation and transmission. The Ethernet frames loopback via the connected
SFP with the optical loopback module and the traffic generator receives and compares the frames.

13. You can pause and resume the Ethernet frames transmission by pressing the push button SW13* for Avant-X/G
Versa board or DIP_SW2 to LOW for CertusPro-NX Versa board. The 7-segment LED glows according to the
following diagram, which indicates that the hardware has been successfully set up and received a passing status.
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Figure 6.42. Passing Scenario on Avant-AT-X Device

* Note: Applicable if continuous mode is enabled (CONTINUOUS_TRAFFIC=1).
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14. In the failing scenario due to various reasons (for example, link is not stable, loopback module is not connected,
and so on), the 7-segment LED glows according to the following diagram. Check the connectivity, re-flash the
bitstream, or power cycle to resolve it.

w » PI_5VE |
wecioie-ive PI_SVE | 1
Syl oyt

Figure 6.43. Failing Scenario on Avant-AT-X Device

15. The following diagram shows the various LED segments for Avant-X/G Versa board and the description for each
segment is described in the following table.

Figure 6.44. LED 7-Segment
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Table 6.7. LED 7-Segment Description for Avant-X/G Versa Board

= LATTICE

Segment Description

A Traffic generator ended, or frames transmission paused*.
B Reset (push button) deasserted.

C 10G Ethernet IP initialization is done.

D 10G Ethernet IP PCS is ready.

E Frames transmitting or traffic generator ended.

F Frames receiving or traffic generator ended.

G Loopback patterns comparison fails.

* Note: Default continuous mode and if the SW13 is pressed, Segment A of the 7-segment LED indicates that the
frames transmission is paused. For non-continuous mode, Segment A of the 7-segment LED indicates that the traffic

generator has ended.

Table 6.8. General-Purpose LED (Green Color LED) Description for CertusPro-NX Versa Board

Signal Name Description

LED_O PLL locked.

LED 1 PHY transmitter ready.

LED_2 PHY receiver ready.

LED_3 TX transmission is live.

LED_4 RX transmission is live.

LED_5 Transmission completed or paused.
LED_6 Loopback patterns comparison fails.
LED_7 PHY bit error rate is high.
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7. Designing with the IP

This section provides information on how to generate the IP core using the Lattice Radiant software and how to run

simulation and synthesis. For more details on the Lattice Radiant software, refer to the Lattice Radiant Software User

Guide and relevant Lattice tutorials.

Note: The screenshots provided are for reference only. Details may vary depending on the version of the IP or software
being used. If there have been no significant changes to the GUI, a screenshot may reflect an earlier version of
the IP.

7.1. Generating and Instantiating the IP

You can use the Lattice Radiant software to generate IP modules and integrate them into the device’s architecture. The
following steps describe how to generate the 10G Ethernet IP core in the Lattice Radiant software:
1. Create a new Lattice Radiant software project or open an existing project.

2. Inthe IP Catalog tab, double-click 10 Gb Ethernet under IP, Connectivity category. The Module/IP Block Wizard
opens. Enter values in the Component name and the Create in fields and click Next.

Module/iP Block Wizard (on ldc-farm37) A X

Generate Component from IP eth_10g Version 3.0.0.0
This wizard will guide you through the configuration, generation and instantiation of this Module/IP.
Enter the following information to get started.

Component name: eth_10g_ip

Create in: Mhomefnsamsudl/my_designsfeth_10g_demo/eth_10g_ip Browse...

HNext = Cancel

Figure 7.1. Module/IP Block Wizard
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3. In the next Module/IP Block Wizard window, customize the selected 10G Ethernet IP core using the drop-down
lists and checkboxes. The following figure shows a configuration of the 10G Ethernet IP core. For details on the
configuration options, refer to the relevant IP Parameter Description section.

L Module/IP Block Wizard A X
Configure Component from IP eth_10g
Set the following parameters to configure this component.
Diagram macphy Configure macphy:
macphy Property Value =
~ General Configuration
AXIS_MO[E=
- Select IP Option MAC + PHY
axis_m_tuser_of— -
- B Host Interface AX14-lite
pad_txn_oj— "
- ~ MAC Configuration
=[HAxiaL_so pad_txp_of— . .
Multicast Address Filtering
=[HAXIS_S0 phy_init_done_of— = —
. . TX Pause Frame Generation via Ports
—axis_tx_tuser_i pma_rx0_sigdet_hf_of— ietice C. 5 -
=
—{pad_refclkn_i pma_rx0_sigdet If of— - .
- - . - - Statistics Counter Registers
=t pad_refclkp_i re_staten_op=—
—pad_rxn_i rx_statvec_o[27:0]mm
—{pad_rxp_i tx_staten_oi—
—{reset_n_i tx_statwec_o[27:0] =
. ~ PMA Setup-Transmitter Subgroup
—rxmac_clk_i xg_pesrdy of— 5
eysbus_cik i xg_rx_clk_o TX Amplitude Control [0 - 63] 24
txmac_cik i xg_rx_gclk_of— TX Pre Cursor [0-31] 0
xg_reval ol TX Post Cursor [0 - 31] 0
xg_tx_clk_aj- ~ PMA Setup-Receiver Subgroup :
xg_tx_gclk_o[1:0]hm RX Coupling Mode AC Coupling
RX Loss of Sig port Enable
eth_10g DFE Enable Enabled
4 -
User Guide No DRC issues are found.
< Back Generate = Cancel
Figure 7.2. Configure the User Interface of 10G Ethernet IP Core
Note:

* Applicable for LAV-AT-G70 and LAV-AT-X70.

4. Click Generate. The Check Generated Result dialog box opens with design block messages and results as shown in

the following figure.

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-IPUG-02245-1.8

116


https://www.latticesemi.com/legal

10G Ethernet IP :I.LATT’CE

User Guide

Module/IP Block Wizard (on Idc-farm37) A X

Check Generated Result
Check the generated component results in the panel below. Uncheck option 'Insert to project’ if you do not want to add this component to your
design.

Component ‘eth_10g_ip' is successfully generated.
IP: eth_10g Version: 3.0.0.0

Vendor: latticesemi.com

Language: Verilog

Generated files:
IP-XACT_component: component.xml|
IP-XACT _design: design.xml
black_box_verilog: rtljeth_10g_ip_bb.v

cfg: eth_10g_ip.cfg

dependency _file: eval/dut_inst.v
dependency file: eval/dut_params.v

IP package file: eth_10g_ip.ipx
template_verilog: misc/eth_10g_ip_tmpl.v
dependency_file: testbench/dut_inst.v
dependency _file: testbench/dut_params.v
timing_constraints: constraints/eth_10g_ip.lde
template_vhdl: misc/eth_10g_ip_tmpl.vhd
top_level_system_verilog: rtlfeth_10g_ip.sv

Insert to project

=< Back Einish

Figure 7.3. Check Generated Result

5. Click Finish. All the generated files are placed under the directory paths in the Create in and the Component name
fields.

6. You can synthesize your generated design by clicking on Synthesize Design located in the top-left corner of the
screen.

B Lattice Radiant Software - Reports

File Edit View Project Tools W

ov .El.._

’ n Synthesize Design

Figure 7.4. Synthesize Design
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7.1.1. Generated Files and File Structure

The generated 10G Ethernet IP core package includes the black box (</nstance Name>_bb.v) and instance templates
(<Instance Name>_tmpl.v/vhd) that can be used to instantiate the core in a top-level design. An RTL example of the
top-level reference source file (<Instance Name>.v) that can be used as an instantiation template for the IP core is also
provided. You may also use this example as the starting template for your top-level design.

Table 7.1. Generated File List

Generated Files

Description

<Instance Name>.ipx

This file contains the information on the files associated with the generated IP.

<Instance Name>.cfg

This file contains the parameter values used in IP configuration.

component.xml|

This file contains the ipxact:component information of the IP.

design.xml|

This file documents the configuration parameters of the IP in IP-XACT 2014 format.

rtl/<Instance Name>.v

This file provides an RTL example of the top-level source file that instantiates the IP core.

rtl/<Instance Name>_bb.v

This file provides the synthesis closed-box.

misc/<Instance Name>_tmpl.v
misc /<Instance Name>_tmpl.vhd

These files provide instance templates for the IP core.

eval/ ten_gb_subsys.do

This .do file is used to execute sub-system (Generated <Instance Name>.v with 10 Gb

PCS IP sample design) simulation. Only applicable to the MAC Only option.

Note: For other generated files in the Eval folder, refer to Table 6.5. Description of
Generated Files in the Eval Folder.

testbench/tb_top.v Top testbench to run loopback test of the generated <Instance Name>.v file.

7.2. Design Implementation

Completing your design includes additional steps to specify analog properties, pin assignments, and timing and physical
constraints. You can add and edit the constraints using the Device Constraint Editor or by manually creating a PDC file.
Post-Synthesis constraint files (.pdc) contain both timing and non-timing constraint .pdc source files for storing logical
timing or physical constraints. Refer to ./dc and include them in the (.pdc) files based on your usage.

## For PDC file (Post-synthesit constraint file)

## Use the constraints below in the PDC file if you want to run stand-alone MAC
#% For STA purposes or Post-PAR netlist generation so that you
## will not encounter MAP issue (lacking IOs)

#ldc_set attribute {VIRTUAL IO=TRUE} [get ports "apb_p*"]
#ldc_set_attribute {VIRTUAL IO=TRUE} [get_ports "*statwec*®"]
#ldc_set_attribute {VIRTUAL IO=TRUE} [get_ports "*staten*"]
#ldc_set_attribute {VIRTUAL IO=TRUE} [get_ports "axis*"]
#ldc_set_attribute {VIRTUAL_IO=TRUE} [get_ports "xgmii*"]
#ldc_set_attribute {VIRTUAL IO=TRUE} [get_ports "*mii*"]
#ldc_set_attribute {VIRTUAL IO=TRUE} [get_ports int_o]

## Use the constraints below for stand-alone MAC; this is to exclude analysis between these clocks

##set_clock _groups -group [get_clocks sysbus_clk] -group [get_clocks rxmac_clk] -asynchronous
##set_clock _groups -group [get_clocks sysbus clk] -group [get_clocks txmac_clk] -asynchronous

## Use the constraints below if you're using the eval/rtl design

#Management module clock

#create_clock -name {sysbus_clk} -period 50 [get_ports sysbus_clk_ 1]
#XGMII clock from PLL

#create_clock -name {xgmii_clk} -period 6.4 [get_nets xgmii clk o_c]

##Exclude in timing analysis since CDC is handled by FIFO
#set_clock_groups -group [get _clocks sysbus clk] -group [get_clocks xgmii clk] -asynchronous

##These paths are excluded in timing analysis
#set_false path -from [get_nets -hierarchical {*rst* *reset*}]
#set_false path -to [get_ports {sys ready o int_o}]

Figure 7.5. Timing Constraint File (.pdc) for the 10G MAC IP
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Constraints that are added using the Device Constraint Editor are saved to the active .pdc file. The active post-synthesis
design constraint file is then used as input for post-synthesis processes.

For more information on how to create or edit constraints and how to use the Device Constraint Editor, refer to the
relevant sections in the Lattice Radiant Software User Guide.

7.3. Timing Constraints

Timing constraints (.sdc) is provided to ensure that the IP core meets the design timing requirement in Lattice FPGA
device. The constraint file contains the necessary design constraints to ensure the proper timing closure. The timing
constraints file will be generated automatically during IP generation. However, clock constraints must be performed at
user level design.

You must include the following clock constraints in your design per IP configuration. Note that you might need to
modify the port name according to your RTL.

For more information on timing constraints, refer to the Lattice Radiant Timing Constraints Methodology Application
Note (FPGA-AN-02059).

7.3.1. Create Clock Constraints for CertusPro-NX and Avant G/X MAC Only Option
#create 156.25MHz clock for CertusPro-NX and Avant G/X txmac and rxmac clocks
create_clock -name {rxmac_clk_1i} -period 6.4 [get ports rxmac_clk _i]
create_clock -name {txmac_clk_1i} -period 6.4 [get ports txmac_clk _i]

#create 100MHz clock for CertusPro-NX and Avant G/X sysbus_clk_i, supported maximum
frequency up to 100MHz
create_clock -name {sysbus clk i} -period 10 [get ports sysbus clk 1]

7.3.2. Create Clock Constraints for CertusPro-NX and Avant G/X PHY Only Option
#create 161.132812MHz clock for CertusPro-NX SerDes refclk pin

create_clock -name {pad_refclkn_i} -period 6.2 [get ports pad refclkn_i]
create_clock -name {pad_refclkp i} -period 6.2 [get ports pad refclkp i]

#create 156.25MHz clock for Avant G/X SerDes refclk pin
create_clock -name {pad_refclkn_i} -period 6.4 [get ports pad refclkn_i]
create_clock -name {pad_refclkp i} -period 6.4 [get ports pad refclkp i]

#create 156.25MHz for Avant G/X PHY

create_clock -name {xg_rx _clk_i} -period 6.4 [get ports xg rx _clkR_1i]
create_clock -name {xg_tx_clk_1i} -period 6.4 [get ports xg_tx clk _i]
create_clock -name {xg_rx_clkR_o} -period 6.4 [get ports xg rx_clk o]
create_clock -name {xg_tx_clk_o} -period 6.4 [get ports xg_tx clk o]
create_clock -name {xg_tx_gclk_o0} -period 6.4 [get_ports xg_tx_gclk_clk_o[0]]
create_clock -name {xg_tx_gclk o1} -period 6.4 [get_ports xg tx gclk clk o[1]]
create_clock -name {xg_rx_gclk o} -period 6.4 [get ports xg_rx_gclk_clk o]

#tcreate 156.25MHz and 322.265625MHz clock for CertusPro-NX PHY

create_clock -name {xg_rx_clk_1i} -period 6.4 [get ports xg _rx clk _i]
create_clock -name {xg_tx _clk_1} -period 6.4 [get ports xg_tx clk _i]
create_clock -name {xg_rx_clk o} -period 3.1 [get ports xg _rx clk o]
create_clock -name {xg_tx _clk o} -period 3.1 [get ports xg tx clk o]

#create 100MHz clock for CertusPro-NX PMA logic. This clock is not needed for Avant G/X.
create_clock -name {xg_pcs_clkin_i} -period 10 [get_ports xg _pcs_clkin_1i]
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#icreate 100Mhz clock for CertusPro-NX and Avant G/X sysbus_clk_i, supported maximum
frequency up to 100MHz
create_clock -name {sysbus_clk} -period 10 [get_ports sysbus clk_1i]

7.3.3. Create Clock Constraints for CertusPro-NX and Avant G/X MAC + PHY Option
#create 161.132812MHz clock for CertusPro-NX SerDes refclk pin

create_clock -name {pad_refclkn_1i} -period 6.2 [get _ports pad refclkn_1i]
create_clock -name {pad_refclkp i} -period 6.2 [get _ports pad refclkp 1]

#create 156.25MHz clock for Avant G/X SerDes refclk pin
create_clock -name {pad_refclkn_1i} -period 6.4 [get_ports pad _refclkn_i]
create_clock -name {pad_refclkp_1i} -period 6.4 [get_ports pad _refclkp 1]

# create 156.25MHz and 322.265625MHz clock for CertusPro-NX
create_clock -name {mac_clR} -period 6.4 [get ports mac_clk]
create_clock -name {xg_rx clk i} -period 6.4 [get ports xg rx clk i]
create_clock -name {xg_tx clk 1} -period 6.4 [get ports xg tx clk i]
create_clock -name {xg_rx clk o} -period 3.1 [get ports xg rx clk o]
create_clock -name {xg_tx clk o} -period 3.1 [get ports xg tx clk o]

#create 100MHz clock for CertusPro-NX logic. This clock is not needed for Avant G/X.
create_clock -name {xg_pcs _clkin_ i} -period 10 [get ports xg _pcs _clkin i]

#create 156.25MHz clock for Avant G/X.

create_clock -name {txmac_clk_1i} -period 6.4 [get _ports txmac_clk_i]
create_clock -name {rxmac_clk_1i} -period 6.4 [get_ports rxmac_clk_i]
create_clock -name {xg_rx_clkR_i} -period 6.4 [get_ports xg _rx_clk_i]
create_clock -name {xg_tx_clk_1i} -period 6.4 [get ports xg_tx clk _i]
create_clock -name {xg_tx_clk_o} -period 6.4 [get _ports xg_tx clk o]
create_clock -name {xg_rx_clkR_o} -period 6.4 [get_ports xg_rx_clk_o]
create_clock -name {xg_tx_gclk o0} -period 6.4 [get_ports xg_tx gclk_o[@]]
create_clock -name {xg_tx_gclk o1} -period 6.4 [get_ports xg_tx gclk_o[1]]
create_clock -name {xg_rx_gclk o} -period 6.4 [get_ports xg _rx_gclk_o]

#icreate 100Mhz clock for CertusPro-NX and Avant G/X sysbus clk i, supported maximum
frequency up to 100MHz
create_clock -name {sysbus clkR_1} -period 10 [get _ports sysbus clkR_1]

7.4. Specifying the Strategy

The Radiant software provides two predefined strategies—Area and Timing. It also enables you to create customized
strategies. For details on how to create a new strategy, refer to the Strategies section of the Lattice Radiant Software
User Guide.

7.5. Running Functional Simulation

You can run functional simulation after the IP is generated.

To run the standalone QuestaSim software, the FOUNDRY environment variable must be set as follow:
set ::env(FOUNDRY) <Radiant installation path>/ispfpga
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To run functional simulation, follow these steps:

1. Click the @ button located on the Toolbar to initiate the Simulation Wizard, as shown in Figure 7.6.

Simulation Wizard (on Idc-farm37) A X

Simulator Project Name and Stage

Enter name and directory for your simulation project. Choose simulator and the process
stage you wish to simulate. Available stages are automnatically displayed.

Project

Project name: sim|

Project location:  /home/nsamsudl/my_designs/eth_10g_demo/feth_10g_ip Browse...
Simulator

@ Questasim

QuestaSim Qrun
Invoke

Process Stage
@ RTL

< Back Next = Cancel

Figure 7.6. Simulation Wizard

2. Click Next to open the Add and Reorder Source window, as shown in the following figure.

Simulation Wizard (on Idc-farm37) ~ X

Add and Reorder Source
Add HDL type source files and place test bench files under the design files.

Source Files: & la f\ \) =

/home/nsamsudl/my_designs/eth_10g_demo/eth_10g_ip/eth_10g_ip/rtlfeth_10g_ip.sv
/home/nsamsudl/my_designs/eth_10g_demo/eth_10g_ipfeth_10g_ip/testbench/defines.v
Jhome/nsamsudl/my_designsfeth_10g_demo/eth_10g_ipfeth_10g_ip/testbenchitb_apb_mst.v
/home/nsamsudl/my_designsfeth_10g_demo/eth_10g_ip/feth_10g_ip/testbench/tb_axi4l_drv.v
/home/nsamsudl/my_designs/eth_10g_demo/eth_10g_ip/eth_10g_ip/testbenchitb_axis_mst.v
/home/nsamsudl/my_designs/eth_10g_demo/eth_10g_ip/eth_10g_ip/testbenchitb_data_checkerv
Jhome/nsamsudl/my_designsfeth_10g_demo/eth_10g_ip/eth_10g_ip/testbench/th_mem.v
fhome/nsamsudl/my_designsfeth_10g_demo/eth_10g_ipfeth_10g_ip/testbenchitb_top.sv
/home/nsamsudl/my_designs/eth_10g_demo/eth_10g_ip/eth_10g_ip/testbenchitb_xgmii_mst.v
/home/nsamsudl/my_designs/eth_10g_demo/eth_10g_ipfeth_10g_ip/testbench/irst_sync.v
Jhome/nsamsudl/my_designsfeth_10g_demo/eth_10g_ipfeth_10g_ip/testbenchiten_gbe _pll.v
fhome/nsamsudl/my_designsfeth_10g_demo/eth_10g_ipfeth_10g_ip/testbenchitod_counter.v

Automatically set simulation compilation file order.

Uncheck this if you want to follow the file order from "Input Files" on File List.

=< Back Next = Cancel

Figure 7.7. Add and Reorder Source
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3. Click Next. The Summary window is shown.

Simulation Wizard (on ldc-farm37) A X

Summary

Simulator : QuestaSim Qrun -

Project Name : sim

Project Location : /fhome/nsamsudl/my_designs/eth_10g_demo/eth_10g_ip

Simulation Stage : RTL

Simulation Files :
[homefnsamsudl/my_designs/eth_10g_demo/eth_10g_ip/eth_10g_ip/rtljeth_10g_ip.sv
/homefnsamsudl/my_designs/eth_10g_demofeth_10g_ip/eth_10g_ip/testbench/defines.v
/homefnsamsudl/my_designsfeth_10g_demo/feth_10g_ip/feth_10g_ip/testbenchitb_apb_mst.v
/homefnsamsudl/my_designs/eth_10g_demo/eth_10g_ip/eth_10g_ip/testbenchitb_axidl_drv.v
/homefnsamsudl/my_designsfeth_10g_demo/eth_10g_ip/eth_10g_ip/testbench/tb_axis_mst.v
/homefnsamsudl/my_designs/eth_10g_demo/eth_10g_ip/eth_10g_ip/testbench/tb_data_checker.v
/homefnsamsudl/my_designs/eth_10g_demo/eth_10g_ip/eth_10g_ip/testbenchitb_mem.v
/homefnsamsudl/my_designs/eth_10g_demo/eth_10g_ip/eth_10g_ip/testbenchitb_top.sv
[homefnsamsudl/my_designs/eth_10g_demo/eth_10g_ip/eth_10g_ip/testbenchjtb_xgmii_mst.v
/homefnsamsudl/my_designs/eth_10g_demofeth_10g_ip/eth_10g_ip/testbenchirst_sync.v
/homefnsamsudl/my_designsfeth_10g_demo/eth_10g_ip/eth_10g_ip/testbenchiten_gbe pll.v
/homefnsamsudl/my_designsfeth_10g_demo/eth_10q_ip/eth_10g_ip/testbench/tod_counter.yv

Simulation Libraries :

=
Launch Simulator GUI
Design Optimization - Full Debug Add top-level signals to waveform display
Run simulation
Default Run 100.000 'ns  ~ (0 means 'run-all')
Simulator Resolution | default ~
= Back Finish Cancel

Figure 7.8. Summary Window

4. Click Finish to run the simulation.

Note: It is necessary to follow the procedure above until it is fully automated in the Lattice Radiant Software Suite.

7.5.1. Simulation Results

The following waveform shows an example of the simulation result.

|, 5im - Default s + & x| [§a Objects P + & x
| nsiance Value
- genbik2 a) 'hO ot intemal
) PTP_DATA_CHECKER st intemal
4 GSR_INST el Internal
+ o u_tb_apb_mst E et Internal
+ & u_th_daia_checker_mdio et intemal
-8l u_tb_daia_checker_apn et intemal
o u_tb_axidl_drv intermal

u_th_dala_checkes_axid apl < intemal
axis_mst intemal
Gala_checker_axids

&8 Processes (Active) 8 %
¥ Name Type (Bitered) State Grder |Pa
-
-+
<+

u_th
HON,

How 81734408

x| Fina: 8, xg_pesid & w| 1| [B | searchFor v v

[ET0e [ Vv | BB Cataton | g wave1 (K] topsv + ] /4 Message Viewer

+ &

8141400000] :

141400000] [Hormal

141400000 [Hormal

8141400000] : 1

14140000075
n

DATA TRANSACTION PASSED *stessrssurs

SIMULATION PASSED
ace/radiant_project/general/avant/macphy /macphy/testbench/th_top.sv(676)

Figure 7.9. Simulation Results
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8. Known Issues

8.1. MAC Pause Frame Receipt Function with a Non-XGMII Interface

8.1.1. Devices Affected

All devices.

8.1.2. Designs Affected

This issue affects only designs using the MAC only IP option with a non-XGMII (16-bit GMII, 8-bit GMII, or 4-bit MII)
interface.

The following design options are not affected:
e MAC only IP option with XGMII interface
e MAC + PHY IP option

e PHY only IP option

8.1.3. Pause Frame Reception with Non-XGMII Interface

Upon the receipt of a valid pause frame, the Ethernet MAC sublayer must parse the pause frame and inhibit the
transmission of data frame for the pause quanta or duration defined in the pause frame.

It is found that when the Ethernet MAC is configured with non-XGMII PHY interface, a valid pause frame received
during an existing AX14-Stream transaction from higher applications will not pause the transmit MAC from transmitting
when the pause quanta counter has already started.

The transmission of pause frame through non-XGMII interface is not impacted.

This receipt of pause frame and subsequent pause on the Transmit MAC is also not impacted on the XGMI!I interface.

8.1.4. Planned Fix

Lattice intends to resolve this issue in the next revision of the 10G Ethernet IP core.

8.2. TX Custom Preamble Mode Function with Non-XGMII Interface

8.2.1. Devices Affected
CertusPro-NX devices (LFCPNX-100) and Avant Devices.

8.2.2. Designs Affected

This issue affects only designs using the MAC only IP option with a non-XGMII (16-bit GMII, 8-bit GMII, or 4-bit MII)
interface on CertusPro-NX devices (LFCPNX-100) and Avant devices.

The following design options are not affected:

e MAC only IP option with XGMII interface

o MAC + PHY IP option

e PHY only IP option

e MAC+ PHY + 1588 IP option

8.2.3. TX Custom Preamble Mode with Non-XGMII Interface

When tx_pass_pream =1, you are allowed to supply the customize preamble and SFD value in the packet. The TX MAC
must preserve the preamble field and passed it directly to the physical layer.

However, when the Ethernet MAC is configured with non-XGMI!| interface, the 1% byte of the data is missing.

It works fine in the XGMII interface.
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8.2.4. Planned Fix

Lattice intends to resolve this issue in the next revision of the 10G Ethernet IP core.

8.3. Short Frame as Last Frame Limitation

8.3.1. Devices Affected
CertusPro-NX devices (LFCPNX-100) and Avant devices.

8.3.2. Designs Affected

This issue affects designs using the MAC only and MAC + PHY IP option on CertusPro-NX devices (LFCPNX-100) and
Avant devices. The PHY only IP option is no affected.

8.3.3. Short Frame as Last Frame Limitation

When TX AXI interface sends long groups of packets back-to-back, and it ends with a short frame (less than 60 bytes),
there is a possibility that the short frame remains in MAC and does not push to the PHY. Any subsequent transaction
after that will push out the short frame.

8.3.4. Planned Fix

Lattice intends to resolve this issue in the next revision of the 10G Ethernet IP core.
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Table A.1. Resource Utilization for CertusPro-NX and Avant Devices
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Configuration Registers LUTs EBRs Target Device Synthesis Tools
PHY onl
Host Interace o APB 36 (<1%) 103 (<1%) 0 (0%) LFCPNX-100 Synplify Pro
MAC + PHY + 1588
Multicast Address Filtering == Enabled
Statistics Counter Registers == Enabled | 15,234 (19%) 11,438 (14%) 16 (8%) LFCPNX-100 Synplify Pro
Counter Width == 32
Host Interface == APB
PHY onl
Host Interace e AXld-Lite 126 (<1%) 181 (<1%) 0 (0%) LAV-AT-G70 Synplify Pro
PHY onl
Host Interace o APB 99 (<1%) 82 (<1%) 0 (0%) LAV-AT-G70 Synplify Pro
MAC + PHY
Host Interface o< AXI4.Lite 3,966 (1%) 4,815 (1%) 3 (<1%) LAV-AT-G70 Synplify Pro
MAC + PHY
Multicast Address Filtering == Enabled
Statistics Counter Registers == Enabled 7,857 (2%) 8,548 (2%) 3 (<1%) LAV-AT-G70 Synplify Pro
Counter Width == 32
Host Interface == AXI4-Lite
MAC + PHY
Multicast Address Filtering == Enabled
Statistics Counter Registers == Enabled 11,377 (3%) 11,241 (3%) 3 (<1%) LAV-AT-G70 Synplify Pro
Counter Width == 64
Host Interface == AXI4-Lite
MAC only
3,876 (1% 4,576 (1% 3(<1% LAV-AT-G70 Synplify Pro

Multicast Address Filtering == Enabled (2%) (2%) (<1%) yneity
MAC only
Multicast Address Filtering == Enabled

o =ning 11,242 (3%) 10,962 (3%) 3 (<1%) LAV-AT-G70 Synplify Pro
Statistics Counter Registers == Enabled
Counter Width == 64
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Appendix B. Clock and Reset Requirements (CertusPro-NX)

The following figure shows the suggested connection of xg_tx/rx_clk_i and xg_tx_clk_o. The GPLL module with 64/66
clock ratio is used to generate the 156.25 MHz clock input to xg_tx/rx_clk_i.

The GPLL module output lock signal is also recommended to be used as one of the PHY ready indicators before sending
valid signals to PHY.

Refer to the following sample code:
assign sys ready o = pll lock w & xg_rxval o & xg_txrdy o & xg_rx_blk lock_o;
Note: For MAC reset, you do not need to use the PHY RX status signal.

For example:
assign mac_rst n = (pll_lock w & xg txrdy o0);

GPLL Module
pll_clk = 156.25 MHz xg_tx_clk_o =322.265625 MHz
64/66 clock ratio
10G PCS Soft IP
> MPCS Module
xg_tx/rx_clk_i Configured to 10GBASE-R P Refclk = 161.1328 MHz R
Serial T———»
64/—» MPCS PMA
XGMII «—Serial RX————»
64—
CSR
APB access to MPCS and
MMD registers

Figure B.1. 10G PCS IP Core Clock Setup

This setup is also available in the eval_top.v file under the eval folder.
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Note: In some instances, the IP may be updated without changes to the user guide. The user guide may reflect an
earlier IP version but remains fully compatible with the later IP version. Refer to the IP Release Notes for the latest

updates.

Revision 1.8, IP v.3.4.0, December 2025

Section

Change Summary

All

e  Updated the IP version on the cover page.
e  Added LAV-AT-G30 and LAV-AT-X30 device support.

Introduction

e  Updated Table 1.1. Summary of the 10G Ethernet IP.
e Updated the Licensing and Ordering Information section.

e  Updated the Minimum Device Requirements section to include LAV-AT-G30 and LAV-
AT-X30 devices.

Functional Description

e  Updated Figure 2.2. 10GbE MAC + PHY IP Core SyncE Block Diagram.
e  Updated the Lane Merging (Avant Devices) section.
e  Updated the Clocking section.

Signal Description

e  Updated Table 4.1. Signal Description—MAC + PHY.

e  Updated the sysbus_clk_i port name description in Table 4.3. Signal Description—PHY
Only (Avant Devices).

e Updated the xg_pcs_clkin_i port description in Table 4.5. Signal Description—MAC +
PHY + 1588 (CertusPro-NX Devices).

e Updated the xg_pcs_clkin_i port description in Table 4.7. Signal Description—MAC +
PHY (CertusPro-NX Devices).

Register Description

Updated the description for the tx_pausreq register in Table 5.15. MAC_CTL Register.

Example Design

e Updated Step 4 in the IP Installation and Generation section.
Updated Figure 6.14. Configure Component.

Designing with the IP

Updated Figure 7.2. Configure the User Interface of 10G Ethernet IP Core.
e  Updated the Timing Constraints section.

Known Issues

Added the Short Frame as Last Frame Limitation section.

Revision 1.7, IP v.3.3.1, September 2025

Section

Change Summary

All

e  Updated the IP version on the cover page.
e Renamed 10G Ethernet MAC + PHY IP to 10G Ethernet IP.
e  Removed MachX0O5-NX device support.

Introduction

e  Updated Table 1.1. Summary of the 10G Ethernet IP.
e  Updated Table 1.2. 10G Ethernet IP Support Readiness.
e  Updated the Features section.

Functional Description

Updated the following sections:
e  PHY (Avant Devices) section.
e  PHY (CertusPro-NX Devices) section.

IP Parameter Description

Updated the following tables:

e Table 3.1. MAC + PHY Attributes (Avant Devices).

e  Table 3.3. PHY Only Attributes (Avant Devices).

e  Table 3.4. PHY Only Attributes (CertusPro-NX Devices Devices).
e Table 3.5. MAC + PHY + 1588 Attributes (CertusPro-NX Devices).
e Table 3.6. MAC + PHY Attributes (CertusPro-NX Devices).

Signal Description

Updated the following tables:
e Table 4.3. Signal Description—PHY Only (Avant Devices).
e Table 4.4. Signal Description—PHY Only (CertusPro-NX Devices).
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Section

Change Summary

Register Description

Updated the following tables:

Table 5.23. Register Address Map for PHY.
Table 5.24. Register Address Map for PHY (CertusPro-NX Devices).

Example Design

Updated the Generating Example Design section.
Updated the Hardware Testing section.

Designing with the IP

Updated Step 3 in the Generating and Instantiating the IP section.

Appendix A. Resource Utilization

Updated Table A.1. Resource Utilization for CertusPro-NX and Avant Devices.

References

Updated the document title from 10G Ethernet MAC + PHY IP Release Notes to 10G Ethernet
IP Release Notes.

Revision 1.6, IP v.3.3.0, June 2025

Section

Change Summary

All

Updated the IP version on the cover page.

Introduction

Updated Table 1.1. Summary of the 10G Ethernet IP.

Updated Table 1.2. 10G Ethernet IP Support Readiness.

Updated the Features Features section.

Updated Table 1.3. Ordering Part Number.

Updated Table 1.4. Minimum Device Requirements for 10G Ethernet IP Core.

Functional Description

Updated the IP Architecture Overview sub section of MAC + PHY (Avant Devices).

Updated the reference document for details on MPPHY foundation IP to the Lattice
Avant SERDES/PCS User Guide (FPGA-TN-02313).

Added the following sentence to the Custom Preamble Passing section:

Note: Custom preamble mode is only supported by XGMlI| interface.

Added the Lane Merging section.

Updated the PHY (CertusPro-NX and MachXO5-NX Devices) section.

Updated the MAC + PHY + 1588 (CertusPro-NX and MachXO5-NX Devices) section.
Added the MAC + PHY (CertusPro-NX and MachXO5-NX Devices) section.

Added the following note to the Clocking Overview section:

Note: Make sure that the GPLL being used does not have Fractional-N Divider mode
enabled.

Updated the title of the PHY + MAC + 1588 Reset Sequence (CertusPro-NX Devices)
section.

Added the Latency section.

IP Parameter Description

Updated the following tables:

e  Table 3.1. MAC + PHY Attributes (Avant Devices)

e  Table 3.3. PHY Only Attributes (Avant Devices).

Updated the PHY Only (CertusPro-NX and MachXO5-NX Devices) section.

Updated the MAC + PHY + 1588 (CertusPro-NX and MachXO5-NX Devices) section.
Added the MAC + PHY (CertusPro-NX and MachXO5-NX Devices) section.

Signal Description

Added the MAC + PHY Signals (CertusPro-NX and MachXO5-NX Devices) section.

Updated the title of the PHY Only Signals (CertusPro-NX and MachXO5-NX Devices)
section.

Updated the title of the MAC + PHY + 1588 Signals (CertusPro-NX and MachXO5-NX
Devices) section.

Register Description

Updated the following tables:
e Table 5.4. TX_CTL Register
e  Table 5.5. RX_CTL Register

Updated the title of the PHY Registers (CertusPro-NX and MachXO5-NX Devices)
section.

Updated the title of the MAC + PHY+ 1588 Registers (CertusPro-NX and MachX0O5-NX
Devices) section.

Example Design

Updated the list of example designs in this section.
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Section

Change Summary

Updated the GPLL section.
Updated the Versa Example Design Components (Avant Devices and CertusPro-NX
Devices) section.

Updated the IP Installation and Generation section.

Updated the Importing Example Design Files to a Project section.

Updated the introductory sentence in the Example Design Simulation section.
Updated the figure title for Figure 6.30. Set tb_top* as Top Module

Updated the Hardware Testing section.

Designing with the IP

Updated Figure 7.9. Simulation Results.

Known Issues

Updated the MAC Pause Frame Receipt Function with a Non-XGMII Interface section.
Added the TX Custom Preamble Mode Function with Non-XGMI|I Interface section.

Appendix A. Resource Utilization

Updated the following tables:

Table A.1. Resource Utilization for Avant Devices.
Table A.2. Resource Utilization for CertusPro-NX and Avant Devices.

References

Updated the title of the following reference in this section:
2.5G, 20G, and 2.5GEthernet MAC + PHY IP Release Notes.

Revision 1.5, IP v.3.2.0 (LAV-AT-G

/X70, LFCPNX-100), v2.1.2 (LAV-AT-G/X70ES), February 2025

Section

Change Summary

Functional Description

Updated the IP Architecture Overview section.
Updated the Design Architecture section.

Signal Description

Updated the following tables:

Table 4.1. Signal Description—MAC + PHY.

Table 4.2. Signal Description—MAC Only.

Table 4.3. Signal Description—PHY Only (Avant Devices).

Table 4.4. Signal Description—PHY Only (CertusPro-NX Devices).

Table 4.5. Signal Description—MAC + PHY + 1588 (CertusPro-NX Devices).

Register Description

Updated Table 5.21. Summary of Statistics Counters.

Designing with the IP

Updated the Running Functional Simulation section.

Revision 1.4, IP v.3.2.0 (LAV-AT-G

/X70, LFCPNX-100), v2.1.2 (LAV-AT-G/X70ES), December 2024

Section

Change Summary

All

Added IP version on the cover page.

Introduction

Updated the IP version in Table 1.1. Summary of the 10G Ethernet IP.

Added IP Changes in Table 1.1. Summary of the 10G Ethernet IP.

Added the IP Support Summary section.

Renamed the section title IP Validation Summary to Hardware Support and updated the
content in the Hardware Support section.

Updated the following feature for MAC in the Features section:

Supports VLAN and Jumbo frames of 9,600 bytes

Functional Description

Updated the PHY Delay Value section.

Added Figure 2.2. 10GbE MAC + PHY IP Core SyncE Block Diagram.

Updated the following figures with notes in the Receive AXI4-Stream Interface section:
e  Figure 2.7. Normal Frame Reception.

e  Figure 2.8. Back-to-back Frames Reception.

e  Figure 2.9. Frame Reception with In-Band FCS Passing.

e  Figure 2.10. Reception with Custom Preamble.

Updated the following figures with notes in the Transmit AXI4-Stream Interface section:
e  Figure 2.12. Default Normal Frame Transmission.
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Section Change Summary

e  Figure 2.13. Transmission with In-Band FCS Passing.
e  Figure 2.14. Transmission with Custom Preamble Passing.

IP Parameter Description Updated the following tables:

e Table 3.1. MAC + PHY Attributes.

e  Table 3.2. MAC Only Attributes.

e  Table 3.3. PHY Only Attributes (Avant Devices).

e  Table 3.5. MAC + PHY + 1588 Attributes (CertusPro-NX Devices)

Signal Description e  Added the following signals in Table 4.2. Signal Description—MAC Only:
e xg_pcsrdy i
e  rx_pause_cntr_o
®  rx_pause_req_o
e  rx_pause_time_o
e  Updated the description for the following signals in Table 4.3. Signal Description—PHY
Only (Avant Devices):
e xg txrdy_o
e xg rxrdy_i

Register Description e Added the following registers in Table 5.21. Summary of Statistics Counters:
e  TX_STAT_PKT_LNGTH_ACCU_0
e  TX_STAT_PKT_LNGTH_ACCU_1
e RX_STAT_PKT_LNGTH_ACCU_O
e RX_STAT_PKT_LNGTH_ACCU_1
e Minor formatting changes to sub-section headings.
e Removed the following registers from Table 5.41. TSU Configuration Registers:
e  TXPPS Delay Register
e RXPPS Delay Register
e  Added the following note for Table 5.5. RX_CTL Register:
Note: If the L/T value is less than 46 bytes, it detects as short frame, and it will not be
dropped. If the L/T value is less than 46 bytes but the payload is more than the defined
value, then the extra payload will be treated as the padded byte.
e  Removed the following registers from Table 5.41. TSU Configuration Registers:
e  TXPPS Delay Register
e  RXPPS Delay Register

Example Design e  Updated the introductory paragraph in this section.
e  Added the following key feature to the Overview of the Example Design and Features
section:

Supports continuous and non-continuous mode packet transmission (Versa example
design only)

e Updated the following sections:
e  Example Design Components.
e  Generating Example Design.
e  Example Design Simulation.
e  Hardware Testing.
e Removed the Running Functional Simulation section.

Known Issues Removed the CertusPro-NX RX PTP VLAN IPv6 Packet Reception section.

Appendix A. Resource Utilization Updated Table A.1. Resource Utilization for Avant Devices (ES) and Table A.2. Resource
Utilization for CertusPro-NX and Avant Devices (non ES).

References e  Added the following references to this section:
e  10G Ethernet MAC + PHY IP Release Notes
e  10G Ethernet Driver API Reference
e [P Cores and Reference Designs for Avant Devices web page
e  Kits, Boards, and Demonstrations for Avant Devices web page
e  Replaced the following references with 10Gb Ethernet MAC + PHY IP Core web page:
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Section

Change Summary

e  10G Ethernet MAC IP Core web page
e  10G Ethernet PCS IP Core web page

Revision 1.3, September 2024

Section

Change Summary

Abbreviations in This Document

Added LINTR to the abbreviation list.

Introduction

e Updated the IP version in Table 1.1. 10G Ethernet IP Core Quick Facts and Table 1.3. IP
Validation Level.

e Updated the following sub-title in the Features section:
MAC + PHY + 1588 (CertusPro-NX Devices)

Functional Description

e Updated the PHY (Avant Devices) IP Architecture Overview section.

e  Added a reference to the MPCS Module User Guide in the PHY (CertusPro-NX Devices)
IP Architecture Overview section.

e  Updated the PHY (CertusPro-NX Devices) Block Diagram section.

e  Updated Figure 2.28. 64b66b PCS Loopback Diagram in the PCS Loopback section.

e  Updated Figure 2.30. 10GbE MAC + PHY + 1588 IP Core Block Diagram.

e  Updated Figure 2.37. 10G Clock Network Diagram for Avant Devices.

e  Updated the following note 1 in the Timestamp Unit section:
At the RX side, the MAC AXIS output contains PTP and non-PTP packets. Therefore,
muxing logic for PTP and non PTP must be handled by user logic if required. The ToD
counter is done in user logic as well.

e Updated the following key features description in the Timestamp Unit section:
Correction field calculation for end-to-end transparent clock (E2E TC) (TC?)

e  Updated the following sentence in the PCS Loopback section.
In this mode, the 16-bit input data of the RX path comes from the TX path.

e  Updated step 6 in the PTP Synchronization section.

e Updated the PHY Delay Value section.

e  Added Table 2.9. PPS Delay Values.

e Updated the address value to 0xA004 in Table 2.2. AXI4-Lite to PCS Address and Data
Conversion.

Signal Description

e  Added the following signals to Table 4.1. Signal Description—MAC + PHY:
e pma_rx0_sigdet_hf_o
e  pma_rx0_sigdet_If o
e  Added the following signals to Table 4.3. Signal Description—PHY Only (Avant Devices):
e pma_rx0_sigdet_hf_o
e  pma_rx0_sigdet_If o
e  Updated the clock output value for the following signals in Table 4.4. Signal
Description—PHY Only (CertusPro-NX Devices):
e xg tx_clk_o
o xg rx_clk_o
e  Added the Clock Signal for MAC + PHY + 1588 Signals section.

e  Updated the description for rx_timestamp_rd_data and tx_timestamp_rd_data in Table
4.5. Signal Description—MAC + PHY + 1588 (CertusPro-NX Devices).

Register Description

Updated the TSU Configuration Registers section.

Example Design

e  Updated step 4 in the Importing Example Design Files to a Project section.
e  Added the following sentence in the Example Design Simulation section.
e  Updated Figure 6.41. Programmer GUI in the Hardware Testing section.

Known Issues

Added the CertusPro-NX RX PTP VLAN IPv6 Packet Reception section.

Appendix B. Clock and Reset
Requirements (CertusPro-NX)

e  Updated the following code example:
assign mac_rst_n = (pll_lock_w & xg_txrdy_o);
e  Updated the xg_tx_clk_o clock output value in Figure B.1. 10G PCS IP Core Clock Setup.
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Section

Change Summary

Introduction

Updated Table 1.1. 10G Ethernet IP Core Quick Facts.
Updated Features section.

Added the following new sections:

e |P Validation Summary section.

e  Minimum Device Requirements section.

Functional Description

Removed the following sentence from the MAC section:

The MAC Only option is only applicable to CertusPro-NX devices (LFCPNX-100).
Updated the following reference to a user guide in the IP Architecture Overview
section:

For descriptions of the 10GbE PCS IP core on CertusPro-NX devices (LFCPNX-100), refer
to the CertusPro-NX 10Gb Ethernet PHY IP Core User Guide (FPGA-IPUG-02163).

Updated the term STA master to STA manager in the MDIO Transaction section.
Added the following new sections:

e  PHY (CertusPro-NX Devices) section.

e  MAC + PHY + 1588 (CertusPro-NX Devices) section.

e  Clocking section.

Updated and moved the Reset section to this section.

Updated Figure 2.37. 10G Clock Network Diagram for Avant Devices.

IP Parameter Description

Updated and moved the following sections to this new section:
e  MAC + PHY (Avant Devices) section.

e  MAC Only section.

e PHY Only (Avant Devices) section.

Added the following new sections:

e PHY Only (CertusPro-NX Devices) section.

e  MAC + PHY + 1588 (CertusPro-NX Devices) section.

Signal Description

Updated and moved the following sections to this section:

e  MAC + PHY Signals (Avant Devices) section.

e MAC Only Signals section.

e PHY Only Signals (Avant Devices) section.

Added the following new sections:

e PHY Only Signals (CertusPro-NX Devices) section.

e  MAC + PHY + 1588 Signals (CertusPro-NX Devices) section.
Updated the term slave to completer in the following tables:

e  Table 4.1. Signal Description—MAC + PHY.

e  Table 4.2. Signal Description—MAC Only.

e  Table 4.3. Signal Description—PHY Only (Avant Devices).

e  Table 4.4. Signal Description—PHY Only (CertusPro-NX Devices).
e  Table 4.5. Signal Description—MAC + PHY + 1588 (CertusPro-NX Devices).

Register Description

Updated and moved the following sections to this section:

e  MAC + PHY Registers (Avant Devices) section.

e  MAC Registers section.

e  PHY Registers (Avant Devices) section.

Added the following new sections:

e  PHY Registers (CertusPro-NX Devices) section.

e  MAC + PHY+ 1588 Registers (CertusPro-NX Devices) section.

Example Design

Added this new section.

Designing with the IP

Updated the figures in the Generating and Instantiating the IP section.

Added the following note to Table 7.1. Generated File List:

Note: For other generated files in the Eval folder, refer to Table 6.4. Description of
Generated Files in the Eval Folder.
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Section

Change Summary

Added the following sections:

e Design Implementation section.

e  Error! Reference source not found. section.

e  Specifying the Strategy section.

Updated the figures in the Running Functional Simulation section.
Added the Simulation Results section.

Known Issues

Removed a paragraph from the Pause Frame Reception with Non-XGMII Interface
section.

Updated a sentence in the Planned Fix section.

Appendix A. Resource Utilization

Updated the resource utilization information.

Appendix B. Clock and Reset
Requirements (CertusPro-NX)

Updated the title of this section and added a note.

Revision 1.1, March 2024

Section

Change Summary

Introduction

Removed Lattice Synthesis Engine (LSE) from Table 1.1. Summary of the 10G Ethernet IP .

Register Description

Updated the MAC address values in 5.2.1.6 MAC_ADDR_0 and MAC_ADDR_1 Register
section to the following:

For example, to set the MAC address to: AC-DE-48-00-00-80 would require writing
0x48_00_00_80 to address 0x014 (MAC_ADDR_0). OxAC_DE to address 0x018
(MAC_ADDR_1).

Removed the reference to the Appendix B section in 5.2.1.9 MC_TABLE_0 and
MC_TABLE_1 Register section.

Appendix B. Code Listing for
Multicast Bit Selection Hash
Algorithm in C Language

Removed this section.

Revision 1.0, December 2023

Section

Change Summary

All

Initial release.
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