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Abbreviationsin This Document

A list ofabbreviationsused in this document.

= LATTICE

Abbreviation Definition

AHB Advanced HigiPerformance Bus

APB Advanced Peripheral Bus

API Application Programming Interface
AXI Advanced eXtensible Interface

CRC Cyclic Redundancy Check

CTC Clock Tolerance Compensation

DDR Double Data Rate

DIP Dual InLine Package

EBR Embedded Block RAM

ED Example Design

FCS Frame Check Sequence

FIFO First In First Out

FMC FPGA Mezzanine Card

GbE Gigabit Ethernet

GMiII Gigabit Media Independent Interface
GPLL GeneralPurpose PLL

HIP Hardened IP

HPIO HighPerformance 1/0

P Intellectual Property

IPG Inter-Packet Gap

LED LightEmitting Diode

LMMI Lattice Memory Mapped Interface
LUT LookUp Table

LVDS LowVoltage Differential Signaling
MAC Media Access Controller

MDIO Management Data Input/Output

Mil Media Independent Interface

MIIM Media Independent Interface Management Module
MPCS Multiple-Protocol Physical Coding Sublayer
MPPHY Multi-ProtocolPHY

PCS Physical Coding Sublayer

PDC Physical Design Constraint

PHY Physical Layer

PLL PhaselLocked Loop

PMA Physical Medium Attachment

PTP Precision Time Protocol

RGMII Reduced Gigabit Media Independent Interface
RMII Reduced Media Independent Interface
RTL Register Transfer Language

RXITX Receive/Transmit

SDC Synopsys Design Constraints
SERDES Serializer/Deserializer

SFD Start of Frame Delimiter

SFP Small ForFactor Pluggable

SGMII Serial Gigabit Media Independent Interface
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1. Introduction

1.1. Overview of the IP

The TriSpeed Ethernet (TSE) IP solutimmsists of thelf SHPMedia Access Controller (MAC) caredthe SGMII GbE
Physical Coding Sublayer (SGMII PCS) IPTtmréntegration off SE IPMAQ core with the SGMII PCS IP core creates a
seamless connection between MA&vel operations and physical Ethernet channels.

TheTSE IPMAQ is a complex core containing #ile necessary logic, interfacingnd clocking infrastructure to

integrate an external industrgtandard Ethernet PHY with an internal processor efficiently and with minimal overhead.
It supports the ability to transmit and receive data betwestandard interfacs, such as APB, AHRBte or AXI4 ite,

and an Ethernet network

TheSGMIIPCSP core converts GMII frames inteb@ code groups in both transmit and receive directions and

performs autenegotiation with a link partner as described in the Cisco SGMII and IEEE 802.3z specifide®6dI|

IP is a connection bus for MACs and PHYs and is often used in bridging applications and/or PHY implementations. It is
widely used as an interface for a discrete Ethernet PHY chip.

1.2. Quick Facts
Tablel.1. Summary of theTSHP Core

. Lattice Avarit, CrossLink-NX Certust-NX, CertusPoo-NX,Certust-N2,
SupportedDevice$2:34
. MachXO®&-NX
IP Requirements - X
IPChanaes For a list of changes to the IP, refer to thieSpeed Ethernet IP Release Notes
9 (FPGARN02036)
Supported User Host: APB, AHBite, and AXHite.
Rgsource Interface Data: AXI45tream.
Utilization - P -
Resource Usage Refer toAppendix A. Resource Utilizatisaction.
SN Lattice Implementation| IPcorev2.2.0t Lattice Radiant software 205.2 or later.
SS;E;H 00 Synthesis Synopsys® Synplify Rifor Lattice
Simulation For a list of supported simulators, see thattice Radiant Software User Guide
Driver Support API Reference Refer to theTri-Speed Ethernet Driver API Reference (FP&A2341)
Notes:

1. The SGMII interface using LVDSih@ertusNX, CertusPrdIX, MachXOBIX and CrossLirkIXFPGAs hdsgnitations when
operating across the full specified temperature range. Lattice recommends using alternative interfaces, such as SERDES or
RGMII, for designs requiring Gigabit Ethernet. Refer tinewledgeBase articlefor details. Contact your local Lattice sales
representative for more information.

2. For SGMII (LVDS) only and SGMII (LVDS) + MAC configusitidesist (NX) devices require speed grade 9.

3. For SGMII (LVDS) only and SGMII (LVDS) + MAC configuttaigdiss not supported on CrossLiNX devices with 72 WLCSP
and 72 QFN packages.

4. For SGMII (LVDS) only and SGMII (LVDS) + MAC configurations, this IP is not supporte@82andRTECR3U devices.

5. In some 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.
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1.3. IP Support Summary
The following tablgorovideslP support information on th& SHP core.

Note: The SGMII interface using LVDSiii@ertusNX, CertusPrNX, MachXOBIX and CrossLinrkIXFPGA#$as
limitations when operating across the full specified temperature range. Lattice recommends using alternative
interfaces, such as SERDES or RGMII, for designs requiring Gigabit Ethernet. RefandwibegeBase articlefor
details. Contact your local Lattice sales representative for more information.

Tablel.2. TSE IP Cosupport Readiness

Device Family Mode Interface Data Rate Radiant Timing | Hardware
Model Validated
MachXO&BNX MAC only MIlI/GMII 1G, 100M, 10M Final No
RGMII 1G, 100M, 10M Final No
SGMII Easy Conneq 1G, 100M, 10M Final No
Gigabit MAC 1G Final No
RMII 100M, 10M Final No
SGMII (LVDS) T 1G, 100M, 10M Final Yes
only, MAC +
SGMII (LVDS)
CrossLiniNX MAC only MIlI/GMII 1G, 100M, 10M Final No
CertusNX RGMII 1G, 100M, 10M Final Yes
SGMIEasy Connect| 1G, 100M, 10M Final Yes
Gigabit MAC 1G Final No
RMII 100M, 10M Final No
SGMII (LVDS) T 1G, 100M, 10M Final Yes
only, MAC +
SGMII (LVDS)
CertusPreNX MAC only MII/GMII 1G, 100M, 10M Final No
RGMII 1G, 100M, 10M Final Yes
SGMIEasy Connect| 1G, 100M, 10M Final Yes
Gigabit MAC 1G Final No
RMII 100M, 10M Final Yes
SGMII (LVDS) T 1G,100M, 10M Final Yes
only, MAC +
SGMII (LVDS),
SGMII SERDBS
only, MAC +
SGMII SERDBS
Lattice Avant MAC only MIlI/GMII 1G, 100M, 10M Preliminary No
CertusN2 RGMII 1G, 100M, 10M Preliminary Yes
SGMIEasy Connect| 1G, 100M, 10M Preliminary Yes
Gigabit MAC 1G Preliminary Yes
RMII 100M, 10M Preliminary No
SGMII (LVDS) T 1G, 100M, 10M Preliminary Yes
only, MAC +
SGMII (LVDS),
SGMII (SERDES)
only, MAC +
SGMII (SERDES)
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1.4. Features
TheTSHPcoreoffers the following key features

=8 =4 =4 -4 -4 -8 -4 -4

=4 =8 =4 =4 -4 -8 -8 -8 -8 -9

Compliantwith the IEEE 802:2005 standard

8-bit wide internal datapath

Fullduplex operation in 1G mode

Fullduplexand haltduplex operation in 10/1001 mode

Transmit and receive statistics vecd@nd statistic countes
Programmable IntePacket Gap (IPG)

Multicast address filtering

Selectable MAC operating options:

aLL«KkDalLL

DAIFOoAG a!/ $AGK Dall

{DaLL 9lae /2yySOG a!/ 6A0K
wDalLlL

T walLl

Host control interfaceonfiguredto either APBAHBLIite,or AXI4Lite
Interrupt interface

Option to select between MAC onlHY onlgnd MAC + PHY med
How controlusingpauseframes

VLANaggedframes

Automaticre-transmissioron collision

Automatic paddingof shart frames

Multicastand Broadcasftrames

Optionalframe check sequenceC$transmissiorandreception
OptionalMIl managementnterfacemodule (MDIO)
Jumboframeswith maximum frame length of 9,600 bytes

f
f
f
f

The following lists the key features of the PsdYution:
Physical Coding Sublayer (PCS) functions of the Cisco SGMII Specification, Revision 1.8

=A =4 =4 -8 -4 -8 -4

PCS functions for IEEE 802.3z (1000BASE
Dynamic selection of SGMII/1000BASECS operation
Support for MAC or PHY mode for SGMII enggotiation

Support for (G)MII data rates of 1 Gbps, 10 Mbps, and 100 Mbps

= LATTICE

DalLlL

TSMAEasy Connect option for seamless integration withh&Conly, SGM Easy Connect option

Management Interface Port for control and maintenance

1.5. Licensing and Ordering Information

TheTri-Speed EthernelfP is available with Lattice Radiant Subscription Software. To purchase the Lattice Radiant
Subscription license&ontactLattice Salesr go to theLattice OnlinéStore

1.6. Hardware Support

Formore informationon CertusPreNX and Avant device suppamd theboards usedvith this IR refer to theExample
Designsection TheCrossLiniNX Evaluation Boattardware is not supported.
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1.7. Naming Conventions

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

1.7.2. Signal Names

1 _nare active lowsignalgasserted when value is logic 0)
1 _iare input signals

1 _oare output signals

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are amwenetatticesemi.com/legal
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2. Functional Description

2.1.

IP ArchitectureOverview
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TheTSHPcoretransmits and receives data between a client aggilan and an Ethernet networkhe main function
of the Ethernet MAC is to ensure that theediaaccess rules specified in theEEB02.3standard are met while
transmitting and receiving Ethernet frames.

TheMACcoreis afully synchronousnachinecomposedf transmitandreceve MACsectionshat operate
independentiyto suppat full duplex operation.

Clientside
Interface

FPGA
TSE IP (MAC)
MAC IP Core
— ﬁggts;rream RX FIFO RGMII -
«—8-bit!— < RX MAC GM'\fI” «——8-bit/4 -bit
AXIl4Stream TX FIFO
. RGMII . . PHY
—8-bit+ Adapter » > | N
itl»| Adap T MAC i 8-bit/4-bit—» > Interface
Ml
<«—Statistics—| Statistics
Media Independent Interface
Host I/F Management MDIG—» )
! Interrupt
<4—32-bit—— APB
AHBLite Clock and Reset Clock
—32-bit— AXl4Lite Config/CSR
Reset——

Figure2.1. MAC Block Diagram
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TheTSE IP core also provides an option to includeSGd11/Gb Ethernet PCS IP ctivat converts MII/GMII interfaces
of the MAC to serial interfacés both transmit and receive directions and performs anggotiation with a link
partner as described in the Cisco SGMII and IEEE §82cBicationsThe following figure showse top-level block
diagram of theSGMII/Gb Ethernet P@#ck

MAC/PHY Mode  GDbE Mode 125 MHz RefClk
A y A
SERDES
4 or 8 bits
@ 2.5, 25, 125 MHz %
X >
SGMII and Gb Ethernet PCS
Soft Logic
(G)MIl to MAC/PHY Serial
< RX y RX
LMMI <« > Registers < MPIo >

Figure2.2. SGMIland Gb Ethernet PCS Block Diagram

2.1.1. Implementation Options

TheTSHPcoresupports multiple Etherneémplementationoptionsshown inFigure2.3, Figure2.4, and Figure2.5. The
choice of implementationdependson therequired rates, duplex mode, 1/0 pin coymarget deviceand capability
supported bythe external Ethernet PHYable2.2 liststhe implementation options

2.1.1.1. Interface to External PHY with MII/GMII/RGMRMII Interface

|
| FPGA Tri-Speed Ethernet IP i
| |
i User g oM F
GMIl /
i Application MAC e | Ethernet PHY
: ) -
| |

-

Figure2.3. TSHP Connected to External PHY with MII/GMII/RGNRMII

Thisimplementation is suitable for FPG&with limited or high performance 1/Qor selected Ethernet PH¥at does not
support serial interface.
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2.1.1.2. Interface to External PHY with Serial Interface

TriSpeed Ethernet IP

h 4

| |
| |
| |
| |
| . .,
‘ Ll L
| Uz MAC SGMII PCS " | Ethernet PHY
| Application |

|

| |

| |

| |

| |

A
A
A

FPGA Tri-Speed Ethernet IP

A 4

A 4

S MAC SGMII PCS IP Ethernet PHY
Application

|
| |
| |
| |
|
| :
| User |
|
| |
| |
| |
| |
|

e |

| FPGA TriSpeed Ethernet IP |

| |- | |-

| Lad | Lad

| User SGMII PCS Ethernet PHY
Application |

I < < |

I I

- - - Y d|

Figure2.6. TSHP Connected to External Ethernet PHY with Serial Interface via SGMyIMode (All Devices)

This implementation is suitable for FPGaith high performance 1/0. The number of I/O pins and required board
traces are smaller.

TheTSHP supports MAC + PHY options, whictsupportserial interfac 1000BASE/ SGMII) to external PHFor
TSE IP to external PHY via the SGMII P@Sdience desigs are available for CertusPiX and CrossLinkX devices
on the TSEMAC & SGMII Reference Desigin page.

2.1.1.3. Summary of Supported Operation Options
The following table smmarizes thedescription of supporte@peration options MAC only, SGMII only, MAC + PH¥&
MAC + PHY is a generic opttbat refersto eitherthe MAC + SGM{EERDBE®r MAC +SGMII (LVDS)

Note: The SGMII interface using LVDSit'@ertusNX, CertusPrdX, MachXOBIX and CrossLirkIXFPGAs has
limitations when operating across the full specified temperature range. Lattice recommends using alternative
interfaces, such as SERDES or RGMII, for designs requiring Gigabit Ethernet. Refandw/ibhdgeBase articlefor
details. Contact your local Lattice sales representative for more information.
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Table2.1. Operation Options
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IP Option Operation Description

MAC only MIl/GMII TheMAC operateon three speed modes by changing the input clock
frequency. This mode is comguit with the IEEE 802.&andard, MII/GMII.

Gigabit MAC TheMAC only operatein 1 speed; 1 Gbps and configured in ftduplex
mode only.

SGMII Easy Connect TheMAC useclock enables to operate at three different speeds. Use th
operation mode to interface witthe SGMII PCS IP seamlessly.

RGMII TheMAC operatein RGMII data rate and configured in fdliplex mode
only.

RMII TheMAC operatsin RMII data rate.

SGMII only Classic SGMII PC@&perates on three speed modes by changing the input clock
frequency This mode is used to convey MII/GNHBEE 802.3 Standard
interface.

TSMAC Easy Connect SGMII PC@&perates on three speed modes byhis mode is used together
with MAC only, SGMII Easy Connect mode

MAC + SGMII| Multi-rate SGMII Ethernet TheMAC with embedded SGMII PCS opesatethree speed modes and

(LVDS) interface with external Ethernet PHY using a serial interface.

Gigabit SGMII Ethernet TheMAC with embedded Gigabit PCS opesatel,000 Mbps mode and
interface with external Ethernet PHY using a serial interface.

MAC +SGMII | Multi-rate SGMII Ethernet TheMAC with embedded Gigabit P@erateson three speed modesnd

(SERDBS interface with external Ethernet PHY using a serial interfatieein
CertusPreNX MPCS hardened IP (HIP).

2.1.1.4. Summary of Implementation
The following table smmarizesmplementation options off SHP based oiexternalPHY.

Table2.2. Summary ofimplementation Options

External Rates DuplexMode Datapath IP Configuration
PHY (Mbps) /0 Pin IP Option Operation
Interface Count
Mil 10/100 Fullduplex/ 16 MAC only MII/GMII. Use only lower -bit of
Halfduplex MII/GMII data signals.
GMII 1000 Fullduplex 22 MAC only Gigabit MAC
MIlI/GMII 10/100/1000 | Fultduplex/ 25 MAC only MII/GMIL.
Halfduplex
(10/100M only)
RGMII 10/100/1000 | Fultduplex 12 MAC only RGMII
Halfduplex
(10/100M only)
RMII 10/100 Fullduplex/ 8 MAC only RMIL
Halfduplex
1000BASK | 1000 Fullduplex 4 SGMlbonly To use 1000BASKauto negotiationt
IEEE 802.8&andard set gbe_mode_i
to 1.
MAC+SGMII Gigabit1000BASK Ethernet
SGMII 10/100/1000 | Fulkduplex/ 4 SGMlbonly To use SGMII auto negotiation, set
Halfduplex both gbe_mode_i and sgmii_mode_i
(10/100M only) to 0.
MAC+SGMII Multi-rate SGMIEthenet.
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2.1.2. MAC Only Mode

2.1.2.1. MII/GMII Configuration Option

Whenthe MII/GMIl option is selected, theMACcanbe configured tooperate in either the 1G mode(1,000Mbps data
rate) or the Fast Ethenet mode(10/100Mbpsdatarate) by settinganinternalregisterbit. The following figure shows
a block diagram of the MII/GMII configurationoption.

apb_paddr_i[7:0]

reset_n_i—»
apb_psel_i

apb_penable_i
- apo_penavle ]

—mii_gmii_gtx_clk_i»
—mii_gmii_tx_clk_i-»
—mii_gmii_rx_clk_i-»
«mii_gmii_tx_clk_en_o—| i .
<«mii_gmi_rx_clk_en_o-| [—mii_gmi_txd_o—)

apb_pwrite i
apb_pwdata_i[7:0]

|
|
|
|
|
|
|
|
| _——
apb_prdata_o[7:0]
i:; | apbﬁps\verrio:
|

—mii_gmii_tx_en_o»

(Optional)

apb_pready_o
<+—tx_staten_o—|

Ctxfsndpausumfiﬁ
—tx_sndpausreq_i—»| G/MII
tx_fifoctrl_i—»f &mu_gmii_rxd_lj
ﬁtxﬁstatvecﬁo: j=mii_gmii_rx_dv_i—

<«—tx_macread_o— <:> [«—mii_gmii_rx_er_i—

<+—tx_done_o-

APB INTERFACE

—mii_gmii_tx_er_o-»

T

ahbl_hsel i
| ahbl_hready_i

4 il ahbl_haddr_i[7:0]

ahbl_hburst_i[2:0]

«—tx_discfrm_o— [«——col_i——

[«———Crs_i

|

<+—x_staten_o—
——ignore_pkt_i—
<+——rx_eof_o
<+——rx_error_o-
<—x_fifo_error_o—| Receive and

[
[
[
[
\
\
[
[
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Figure2.7. TopLevel Block Diagram for the MII/GMII Configuration Option

2.1.2.2. Gigabit MACConfigurdion Options

For the GigabitMAC configuation option, the MACalwaysoperatesat the Gigabitdatarate andis effectively configured
asafull-duplex GigabitMAConly.

The following figure showsladock diagram of the Gigabit MAC configuration option.
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Figure2.8. TopLevel Block Diagram fagigabit MAC Configuration Option
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2.1.2.3. SGMII Easy Conne€@onfigurdion Options

For the SGMII Easy Connect configuration option, the MAC operates at the Gigabit data rate ahd aleekenables
provided by the SGMII PCS IP core to work at three different speeds.

The following figure shows a block diagram of the SGMII Easy Connect configapaigon
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Figure2.9. TopLevel Block Diagram for th8GMII Easy Connect Configuration Option
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2.1.2.4. RGMII Configuration Option

For the RGMllconfiguration option, the MACcan be configured to operate in either the 1G mode (1,000 Mbps data rate)
or the Fast Ethernet mode (10/100 Mbps data rate).

The following figure showsladock diagram of the RGMlIconfiguration option.
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Figure2.10. TopLevel Block Diagram for the RGMII Configuration Option
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2.1.2.5. RMII Configuration Option

Whenthe RMlloption is selected the MACoperatesat the RMII datarate. The following figure showslgock diagram
of the RMIlconfigurationoption.
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Figure2.11. TopLevel Block Diagram for theBMIl Configuration Option
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2.1.3. SGMILVDSPnly Mode

In this modethe TSHPoffers astandalone SGMII PHY solutidiis modeconverts GMII frames into-Bit code groups

in both transmit and receive directions and performs antygotiation with a link partner as described in the Cisco SGMI|I
and IEEE 802.3z specificatiofiseSGMII is a connection bus for MACs and PHYs and is often used in bridging applications
and/or PHY implementations. It is widely used as an interface for a discrete Ethernet PHY chip.

Note: The SGMII interface using LVDSi@ertusNX, CertusPrdX, MachXOBIX and CrossLinrkIXFPGA$as
limitations when operating across the full specified temperature range. Lattice recommends using alternative
interfaces, such as SERDES or RGMII, for designs requiring Gigabit Ethernet. RefandwibegeBase articlefor
details. Contact your local Lattice sales representative for more information.

The following figureshows the detailed block diagram of the SGMII/Gb Ethernet PGBdP

SGMII Core PCsS SERDES
| |
: dorsl RX Rate RX FSM CTC FIFO 8b10b Link Sync Word 10/ Deserializer :
or 8/ i
:4 Adapt ¢ ¢ Decoder ¢ ¢ Alignment :
| |
| |
MAC | v | PHY
| GPLL |
| CSR AutoNeg CSR |
| |
| |
| |
| |
| dorsl TX Rate TX FSM o 8b10b 10/ Serializer |
| |
i Adapt > Encoder >
| |
| |
Reset

Figure2.12. Detailed Block Diagraraf the SGMII (LVDS) Only Mode

2.1.3.1. SERDES and PCS

This block is composed of Generic DDR blocks that receive and transmit the serial data to and from the PHY. It also
instantiates a Generic PLL that generates clock sources for SERDBSdRGHMII core blocks.

SeeSection 36.2 othe IEEE 802-:2018 specification fodescription of thePCS modules.

2.1.3.2. Transmit SGMII Core
Transmit Rate Adaptation

This module adjusts thparallelbyte-per-byte datainput rate such that theserialoutput rate is always Gbps. When
incoming GMII data operates at@bps, there is no data rate alteration. The incoming datakigsBwide running at 125
MHz and the outgoing data is alseb8s wide running at 125 MHz. When incoming GMII data operates at 100 Mbps,
each incoming data byte is replicated ten times on thégoing port. The incoming data isbits wide running at 25 MHz
and the outgoing data is-Bits wide running at 125 MHz. The incoming Mbps is similar except that data bytes are
replicated 100 times and the incoming clock rate is 2.5 MHz.

Whenthe IPcore is generated usindpe TSMAC Easy Connegtion, tx_clock_enable_source i®usedo control the

flow of incoming GMII datd=or 1 Gbps operation, the clock enable is constantly high. For 100 Mbps operation, the
clock enable is high for oraut-of-ten 125 MHz clock cycles. For 10 Mbps operation, the clock enable is high for one
out-of-one-hundred 125 MHz clock cycléd/henconfig_sources set to 0, by defaulthis clock enable behavior is
controlledby the setting of the operational rate pin®perational_rate_.i Whenconfig_sources set to 1, his clock
enable behavior is controlled by the settingRif13, Speed Selection[0] and Bit6, Speed Selectionf&kif0x000]
auto-negotiationcontrol register.

For more information on config_source and operational_rate i registexfer to the [OXOOE] Configuration Source
Control Register for Autblegotiationsection and thesGMI(LVDSDnly Interfacesection.

For more informationon autonegotiation control registerrefer to the [0x000] AuteNegotiation Control Register
section.

winnetatticesemi.com/legal


http://www.latticesemi.com/legal
https://latticesemiconductor.zohodesk.com/portal/en/kb/articles/how-to-implement-gigabit-media-independent-interfaces-gmii-in-certus-nx-certuspro-nx-machxo5-nx-and-crosslink-nx-fpgas

= LATTICE

The following figureshows the timing diagram of the signalglie Transmit Rate Adaptation block.

10 (or 100) times
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tx_clock_enable_source_oJ_| [ ] |_|} [ ] ,_‘—
|
|
1
|

tx_en_i _l

tx_d_i[3:0] ZZ7777X T G x:S § x N >:<//////

/
[

Figure2.13. SGMII T>Side Signals Relationship

Transmit State Machine

The transmit state machine implementse transmitfunction described in clause 36 of the IEEE802.3 specification. The
main purposeof the state machinés to convert GMII data frames into code groups. The state machine does not fully
implement conversion to @it code groups as specified in IEEE802.3 specification. Instead, partial conversibit to 8
code groups is performed. A separate encoder inRIGS layer completes the full conversion tebitCcode groups.

2.1.3.3. Receive SGMII Core
Soft Receive Clock Tolerance Compensation (CTC) Circuit

This block allows the receive path to compensate for slight frequency offsets between two clocks with a nominal
frequency of 125 MHz. One timing source is the recovered clock from the SERPE®IBal link. The other timing
source is the locally generated{Rlock. If the two clock frequencies are within acceptable limits, the compensation
circuit can maintain datapath integrity.

Youcan choosehe desired CTC mode when the IP core is generated througE&1ite Modattribute.

Receive State Machine

Receive State Machine implements receive functions described in clause 36 of the IEEE802.3 specification. The main
purposeof the state machinés to convert code groups into GMII data frames. The state machine in this IP does not fully
implement conversion from Bit code groups as specified in the IEEE802.3 specification. Instead, partial conversion
from 8-bit code groups is performed. A septe decoder in the PCS performs-didto 8-bit code group conversions.

Receive Rate Adaptation

Thefunction of this blockis like the Transmit Rate Adaptation block, except that it operates in reverse. The incoming
data rate is always Gbps. The outgoing data rate is reduced by factorsxpfi@X, or 100<for (G)MII rates of Gbps, 10

Mbps, and 10 Mbps respectively.When the IP core is generated using the TSMAC Easy Connect option,

rx_clock_enable_source_o is used to control the flow of incoming GMII data. The iteaabbck enable behavior is
similarto the Transmit Rate Addption module Formore information, refer to thelfransmit SGMII Cosection.
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Figure2.14. SGMII R>Side Signals Relationship

2.1.3.4. Auto-Negotiation State Machine

Auto-Negotiation State Machine implements link configuration functions described in clause 37 of IEEE802.3
specification. Howevetthe Cisco SGMII specification defines several changes (summarized below). This IPsaperate
adherence to either specification, based on the setting of the gbe_mode_i pin (1=GBE PCS ModeVatides SGMII
PCS Function; 0=GBE PCS Mode InacB@MII PCS Function is now actifefer to both specifications for detailed
description of autenegotiation operation. Main autmegotiation functions are to test the physical link for proper
operation and to circulate link configuration information between entities sitting on both sides ofrtke li

Here is a summary of the Cisco SGMII modificationthéoeauto-negotiationfunction:

91 Decreases link timer interval from 10 msec to 1.6 msec

1 Redefineslink abilitybit assignments

I Himinates the need to pass link ability information from MAC to PHY.

1 Adds a new condition that forces a restart on the PHY side whenever the PHY link abilities change

For more information onhe Auto-Negotiation configuration, refer to th®x00E] Configuration Source Control
Register for AutéNegotiationsection.

2.1.3.5. MII/GMII Option (Classic Option)

The following figure showslalock diagram of the Classioption. InClassic mode, when the (G)MII data rate is 1 Gbps,
all 8 bits of tx_d_i are valid. However, for 10 Mbps and 100 Mbps, only bits 3:0 of tx_dalidre

txd_i

SGMII GbE
PCS soft logi

il

ser_tx_e—»
TX/RX [¢——ser_rx +——

£ 1

LMMI/MDIO Registers

Figure2.15. Top-Level Block Diagram favlll/GMII Option
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2.1.3.6. TSMAC Easy Connect Option

The block diagram for TSMAC Easy Connethikasto the block diagranfor MII/GMII Option (Classic Optian)
However for the TSMAC Easy Connembde all 8 bits of tx_d are valid for all (G)MII data rates (1 Gbps, 10 Mbp§, 10
Mbps).

txd_i

tx_en_i—»
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ix
/.
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TX/IRX |[¢——ser_rx i+——

g 1
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rxd_o

<4—1rx_dv_o
<+—TrX_er_ o—

ﬂ

Figure2.16. Top-Level Block Diagram foFSMAC Easy Conne&aption

2.1.4. SGMII EERDESONly Mode

GMIT (ERDESNode is also a PHlution. The differencéfom SGMII (LVD®)odeisthat the SERDESimitive
(MPCSor Nexus devices or MPPHDY Avantdeviced is used ashe PHY solution.

| SGMII Core PCS SERDES (MPCSIMPPHY)
: dors RX Rate RX FSM CTC FIFO 8b10b Link Sync Word 100 Deserializer :
o 8/ :
:4 Adapt le— — Decoder ‘ «| Alignment < !
I |
I |
MAC | v ! PHY
| CSR AutoNeg CSR |
I |
I |
I |
I |
| dorsl TX Rate TX FSM .y 8b10b 10/ Serializer |
! P |
I Adapt Encoder y!
I |
: |
Reset

Figure2.17. Detailed Block Diagrarof the SGMII SERDB®nly Mode

2.1.5. MAC+ SGMI(LVDSMode

This is a MAC + PHY solutimtegrating bothMAC only and SGMII only maléVDS l/Qinsareused asa PHY
solution.

Note: The SGMII interface using LVDSit'@ertusNX, CertusPrNX, MachXOBIX and CrossLinkIXFPGA$as
limitations when operating across the full specified temperature range. Lattice recommends using alternative
interfaces, such as SERDES or RGMII, for designs requiring Gigabit Ethernet. Refandw/ibhdgeBasearticle for
details. Contact your local Lattice sales representative for more information.

2.1.5.1. Multi-Rate SGMII Ethernet OptioffLVD$

MAC is configured to operate BGMIEasy Connedption and PHYSGMII (LVDS}¥) configured to operate ilnSMAC
Easy Connedption. For theMulti-Rate &MII Ethernebption, it canbe configured tooperate in either the 1G mode
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(1,000Mbps datarate) or the Fast Ethanet mode(10/100Mbps datarate) by stting the operation rateNote that
col_i and crs_i are for half duplex modes.

TSE IP
txd_o. :
tx_en_o——»
Caxis ——) MAC == beer_ SGMII == ser_tx o—»
SGMII TSMAC
(::axis_rx__ Easy & xd i Easy le——ser rx_i——
Connect o dv i Connect
<7rx:er:i7
—col_i—
[———crs_i————

Figure2.18. TopLevel Block Diagram fdvlulti-Rate SGMII EtherneDption

2.1.5.2. GigabitSGMIIEthernet Option(LVD$

For theGigabitEthernetoption, MAC is configured to operate @igabit MAGption and the PHY is configured to
operate inTSMAC Easy Connegtion. It only operatesin 1G mode(1,000Mbps datarate).

TSE IP

txd_o.

tx_en_o—»|

[ axis_t tx_er_o—>» SGMIl == ser_tx_ o—»
- MAC ==
Gigabit TSMAC |
(::axis X 9 Easy ser_rx_i——

1lAS mxd_ Connect

—rx_dv_i——

[——rx_er_i——

Figure2.19. TopLevel Block Diagraraf GigabitSGMIIEthernet Option
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2.1.6. MAC+SGMII EERDESViode

TheMAC +SGMII ERDESnodeis a MAC + PHY solutitmat combines theMAC only mode an&GMII EERDESnly
mode. The differencefrom the MAC + SGM(LVDSjnodeis that the SERDESimitive (MPCSor CertusPro-NXdevices
and MPPHYor Avant devicepis used athe PHY solution.

TSE IP
I\
txd_o.
- 14
tx_en_o———»| sd0t
——sdotxn——»
N tx_er_o——»
| axis_tx y
MAC ==
MPCS/
¢ axis_1x SCGMIl Easy xd i MPPHY
v - Connect v - < SdOrXp
—rx_dv_i— < sdOrxn
——rx_er_i——
[————Ccrs_—————
———col_i———

Figure2.20. Top-Level Block Diagram dfIPCS5igabit Ethernet Option
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2.2. Clocking

2.2.1. Clocking for MA@nly

2.2.1.1. Clocking Overview

The following figure shows the clock network of the TSE IP (MAC). The clock frequency requirements are described in the
Clock Interfacesection. Usage of the clocks are described in @eckingsection. In MAC only configuration, the
corresponding clock and cloghable are used to control the operating speed of MAC, based on the respective mode.
Refer toTable4.2 for the description of clocks and cleekables. In MAC + PHY configuration, the tx_clk and rx_clk are
connected internally to the output clock from the PCS blédkthe data path clocks must be within £100 ppm accuracy

to be compliant withthe IEEE 802.3 standard

MAC Soft IP

MAC IP Core

—p -

L

Host I/F
APB Interrupt
AHB-Lite - Management
AXI4-Lite Config/
CSR

Media Independ{ant Interface

4
al

tx_clk
rx_clk
clk_i

mdc_i

q_

<4

TR
)

Clock domain crossing

Figure2.21. Clock Network Diagram Simplified Clock Schemgesign

Inthe Simplified Clock Scheme DegigdlAC only mode, the cycle of clock enable is generated based on the
configuration onthe Mode RegisterBitOgbit_en and Big hundredbit_enFor the descriptioron clockenablg refer to
Table4.2. Thefollowingtable showshe speed selection configuration throughe Mode Register [0] anMode

Register [4]

Table2.3. Speed Selection Configuration of the Simplified Clock Scheme Design

MACOperating | Speed Selection Mode Register [0], gbit_en Mode Register [4],hundredbit_en
Option
MIl/GMII 1G 1 52y Qi Ol NBo
100M 0 1
10M 0 0
GMII 1G 52y QG OF NBo 52y QG OF NBo
SGMII Easy 1G/100M/10M 52y QG OF NBo
Connect The operating speed in control by the clock enable sighaisac_clk_en_for TX
side and xmac_clk_en_for RX side. Refer fbable4.10.
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MACOperating | Speed Selection Mode Register [0], gbit_en Mode Register [4],hundredbit_en
Option
RGMII 1G 1 52y Qi OF NBo
100M 0 1
10M 0 0
RMII 100M 52y QG OF NBo 1
10M 52y Qi OF NBo 0

2.2.1.2. Clocking of Gigabit MAC

The following figure shows the clocking diagram of Gigabit MAC with GMII interface to external GMII Ethernet PHY. 125
MHz TX clock is provided to tH&HP (MAC)core and external Ethernet PHY. The external PHY provides 125 MHz RX
clocks to thelTSE IPMAQ core.

@ 125 MHz

GMII PHY TSE IP (MAC) MAGclient

gmii_tx_clk_i

A
A4

TX_CLK
- TX_CLK/RX_CLK

RX_CLI » gmii_rx_clk_i gmii_tx_clk_en_a » TX_CLK_EN

gmii_rx_clk_en_g » RX_CLK_EN

Figure2.22. Clocking of Gigabit MACSimplified Clock Schemgesign
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2.2.1.3. Clocking of MIl/GMII

The following figure shows the clocking diagram of MII/GMII operation to external Ethernet PHY. 125 MHz TX clock is
provided to theTSE IPMAC)and external Ethernet PHY. The external PHY provides 2.5/25 MHz clock to mii_gmii_tx_clk i
of the TSE IMAC)and 2.5/25/125 MHz clock to gmii_rx_clkTheMAGclient uses the 125 MHz clock with clemkable
generated bythe TSE IPMAQ. Refer toTable4.2 for the description of cloclenable

@ 125 MHz

PHY TSE IP (MAC) MAGclient
» mii_gmii_gtx_clk_i » TX_CLK
» GTX_CLK TX_CL# 2.5/25 MHz— mii_gmii_tx_clk_i
RX_CLK—2.5/25/125 MHz—» mii_gmii_rx_clk_i
mii_gmii_tx_clk_en_¢ » TX_CLK_EN
mii_gmii_rx_clk_en_g » RX_CLK_EN
» RX_CLK

Figure2.23. Clocking of MIlI/GMHIt Simplified Clock Schemigesign

2.2.1.4. Clocking of RMII

The following figure shows the clocking diagram of the RMII operation to external Ethernet PHY. 50 MHz clock is provided
to rmii_ref_clk_i of theTSE IIIMAC)and reference clock input of external Ethernet PHYeMAGCclient uses the 50 MHz
clock with clockenable generated by SE IIPMAC) Refer toTable4.2 for the description of cloclenable.

@ 50 MHz

RMII PHY TSE IP (MAC) MAGclient
rmii_ref_clk_i (TX/ RX) TX_CLK/RX_CLK

A 4

A 4
A 4

REF CLK

rmii_clk_en_ & TX_CLK_EN/RX_CLK_EN

Figure2.24. Clocking of RM1tl Simplified Clock Schemiesign
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2.2.1.5. Clockingof RGMII

The following figure shows the clocking diagram of Gigabit MAC with RGMII interface to external RGMII Ethernet PHY.
2.5/25/125 MHz TX clock is provided to tAi&E IRMAC)and external Ethernet PHY. The external PHY provides
2.5/25/125 MHz RX clocks to tASE IPMAC).

@ 2.5/25/125 MHz

RGMII PHY TSE IP (MAC) MAGclient
TX_CLK

v
v

rgmii_tx_clk_i

TX_CLK

A 4

RX_CLK—2.5/25/125 MHz— rgmii_rx_clk_i

rgmii_tx_clk_en_ » TX_CLK_EN
rgmii_rx_clk_en_o » RX_CLK_EN
» RX_CLK

Figure2.25. Clocking of RGMil Simplified Clock Schemesign

2.2.1.6. Clocking offSHP MACOption (SGMII Easy Connect) and SGMII PCS (TSMAC Easy Connect)

The following figure shows the clocking diagram of i sHP (MAQ and SGMII PCS IP operating in 10/100/1000M. The
250MHz reference clock is provided to the SGMII PCS, which produces 125 MHz datapath clockeSEPRAC

option and SGMII PCS datapath. The TX and RX clock enable signals are not clock signals. However, they toggle
according to current operating rates. In 10M, the clock enable signals asserted 1 every 100 clock cycles, while in 200M,
the signals are asserted 1 eyetO clock cycles. In 1000M, the clock enable signals are always asserted.

Q Host Interface Clock

SGMII_PCS IP TSHP (MAC) MAGclient
rx_clk_mii_i — clk_i
> tx_clk_mii_i 125 MHz
Datgpath
Clock “» TX_CLK/RX_CLK
» Immi_clk_i usr_clk_o »| sgmii_tx_clk_i
250 MHz
Clock ——» pll_refclk_i »| sgmii_rx_clk_i
TX Clock Enable "
» tx_clk_enable_sink_i tx_clk_enable_source_¢- » txmac_clk_en_i sgmii_tx_clk_en_ | TX_CLK_EN
RX Clock Enabl
’—> rx_clk_enable_sink_i rx_clk_enable_source_1 RESSLE » rxmac_clk_en_i sgmii_rx_clk_en_| » RX_CLK_EN

Figure2.26. Clocking offSHP MACOption (Gigabit MAC) and SGMII PCS (TSMAC Easy Conr&uatplified Clock
SchemeDesign
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2.2.2. Clocking for SGMILVDSPDnly

2.2.2.1. ClockingOverview

The following figure shows the clock network of the SGMII and Gb Ethernet PCS tBer8@MIl Onlynode. The

LY f gNBF POt 1 yA FNBIljdzSyOe Aa wpn all F2NJ! @ryid RSHAOSa |
Note: The SGMII interface using LVDSiii@ertusNX, CertusPrNX, MachXOBIX and CrossLinrkIXFPGAs has

limitations when operating across the full specified temperature range. Lattice recommends using alternative

interfaces, such as SERDES or RGMII, for designs requiring Gigabit Ethernet. Refandwitege Bse articlefor

details. Contact your local Lattice sales representative for more information.

Reference clock of CDR in deserializer block
Mil Eth P
SGMil and Gb Ethernet PCS Core (not applicable for LAXT and LFMXO5 deivces) SERDES
; GPLLO

S <+—clk_125m_pll_e——|

‘ Use external PL|L
«—clk_625m_pll_o——| TSNP | o refclk it

To Serializ |
<+—clk_625m_90_pll -o—]|

Required for LFMXO5 devici

SGMII Core PCS K‘
tceTTT T T T T T T T T T amal dlonk <iaman ] I ! GPLL1
} } } (Internal clock signal) :
+ ] |
- RX Rate ! 8010b ' Word Deserializer cdr_refclk +
rx_clk_mii_—— Adépt RX FSM CTﬁ‘: ‘}:”: Decoder Link Sync Alignment }
+ I
| L e e Y | ,,,,,,,,j
I user_clk_o [ e —q--———n
| T
|
! 8b10b
TX:Ratel Lol
tx_clk_mii_i——»| AdaRpt TXFSM Encoder Seyializer clk_gddr_e—»
T |
|
L ___ , P el === T
|
=]
[l
——Immi_clk_j—» CSR

Figure2.27. Clock Network Diagranof the SGMII (LVDS) Only Mode

2.2.2.2. Clocking of SGMII PCS in MII/GMII Mode (Classic)

When ClassicMode is selected the following figure shows the clocking diagram with the recommended clock
connections. SeparateXand TXMII clocks are recommended but they can be connected to the same source. Refer to
the following table for the recommended clock frequencies.

Table2.4. SGMII Only Clock Frequency for Classic Mode

Device Mil Interface Speed [rx,tx]_clk_mii_i freq
Avant devices 1 Gbps 125 MHz

100 Mbps 25 MHz

10 Mbps 2.5 MHz
Nexus devices 1 Gbps 125 MHz

100 Mbps 25 MHz

10 Mbps 2.5 MHz

For robust timing synchronization and to mitigate CTC issues, ensure clk_mii_i and mii_gmii_clk_i must be sourced or
derived from usr_clk_dor clock generatiogmn p  a | | car(be @réxily synthesized using a PLL. Howeverpgp a | 1
clockcannot be generated directly from the PLL, as the minimum output frequency is limitecptbc Hp al T F2 NJ
devicesandc ®up al il F2NJ bSEdza RSOAOSA
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¢2 I OKA S @8umusdfpst gerelatE a highdrequency clock using the Plfbr exampléd X H p

allowing flexible generation of lowespeed clocks from a common reference.

@

@125/25/2.5 MHz
Clock

Clock

i I, W

@Host Interface

PLL Reference
Clock*

Immi_clk_i

rx_clk_mii

tx_clk_mii

—» pll_refclk_i

al

SGMII_PCS IP Y
Classic pap

clk_i

i
» mii_gmii_tx_clk_i
mii_gmii_rx_clk_i
usr_clk_o p o . _
o5 Mz | Migmil_gtx_clk_i
Clock

Dynamic switching between these clde&quencies 125MHz 25MHz and2.5MHzt based orthe negotiated link
speed requires careful handling ppeventglitches and timing hazarda LUTbased clock multiplexds used to select
one of three input clocks and drivedk_mii_i Therecommended approach is to usiee followingresetcontrolled clock

switching:

Figure2.28. Clocking of SGMII (LVDS) PCS in MIl/GMII (Classic) Mode

1 Assert Reset Hold all downstream logic in reset before switching clocks
1 Switch Clock SourteHold all downstream logic in reset before switching clocks
T Deassert Reset

T wSt S|

a
f [23A0 NBadzy$s

asS NB SL]

2yt 8

F F@SNJ GKS Of 201
2LISNI GA2¢ dzy RSNJ 6KS ySs

2.2.2.3. Clocking of SGMII PCS in TSMAC Easy Connect Mode

WhenTSMAEasy Connechodeis selectedthe following figure shows the clocking diagram with the recommended
clock connection. Refer to the following table for the recommended clock frequencies.

Table2.5. SGMII Only Clock Frequency for TSMAC Easy Connect Mode

a6A00K Aa
Ot 201

)
and then apply &£LKDI\ér CLKDIVBIock to divide it down. Supported division ratios typically incla@e+4, +5, +8

Device [rx,tx]_clk_mii_i freq
Avant devices 125 MHz
Nexus devices 125 MHz
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Q Host Interface Clock

SGMII_PCS IP MAC IP
TSMAC Easy Connect SGMII Easy Conneft
—| rx_clk_mii_i clk_i
- 125 MHz
»| tx_clk_mii_i
- - = Datgath
Clock
Immi_clk_i usr_clk_o » tx_mac_clk_i
PLL Reference . )
= Clocks ———® pll_refclk_i » rx_mac_clk_i
L TX Clock Enable .
tx_clk_enable_sink_i tx_clk_enable_source_o » txmac_clk_en_i
RX Clock Enable
rx_clk_enable_sink_i rx_clk_enable_source_{ ock End —» rxmac_clk_en_i

Figure2.29. Clocking of SGMII (LVDS) PCS in TSMAC Easy Connect Mode
2.2.3. Clocking forSGMII &£RDESOnly
2.2.3.1. ClockingOverview

The following figure shows the clock network of the SGMII and Gb Ethernet PCS Core of SGMII (SERDES) Only Mode.

SGMII and Gb Ethernet PCS Core

SGMIl Core PCs SERDES Primitive
| il e | e
| | } (Internal clock signal) 1
! M 1
|;q i b10b d ‘
. RX 'Rate | 8b10 . Wor Deserializer l«—— SERDES REF -CLk——
—rx_clk_mil_——» Adépt RXFSM CTF F'F Decoder Link Sync Alignment } I
+ +t +
| | g g g R |
} user_clk_o R e —d e ———— \
| T
‘ 8b10b \
TX:Rat 1ol
—tx_clk_mii_i——» AdaR;le TXFSM Encoder Sehahzer
i |
1
T

—Immi_clK_—» CSR LMMI CSR

Figure2.30. Clock Network DiagramSGMII (SERDES) Only Mode

In this modethe SERDBE®imitiveoperates in MPCS bypass mode, leveraging the SERDES |/@hgsical Medium
Attachment (PMA The SERDES Primitive for Certud¥Xis MPCS, while the SERDES Primitive for Avant is MPPHY.
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2.2.3.2. Clocking of SGMII PCS in MII/GMII Mode (Classic) BBMAC Easy Connect Mode

For clocking details of the SGMII PCS in MIlI/GMII Mode (Classic) and TSMAC Easy Connect Mode, felffeckinghe
for SGMI(LVDSDnly section as the configurations are similar

2.2.3.3. Clocking forSERDES Primitivaf NexusDevices

ForSERDES primitiveIPC®n Nexusdevicesprovides dynamic selection of referenclcls. The figure below
illustrates the internal structure and signal connectivitytted clocks and cloakiux inMPCS SERDg8nitive.

Q Host Interface Clock

MAC IP
SGMII_PCS IP SGMII Easy Connect
TSMAC Easy Connect

—| rx_clk_mii_i L— clk_i
L—»| tx_clk_mii_i 125 MHz

- - Data Path|

Clock
Immi_clk_i usr_clk_o » tx_mac_clk_i

Reference ;
®7CI0ck 125 MH? MPCS_PMA_CLKS L » rx_mac_clk i

MPCS_PMA_CLK_MUXS

TX Clock Enable

» txmac_clk_en_i

tx_clk_enable_sink_i tx_clk_enable_source_

. i RX Clock Enable .
rx_clk_enable_sink_i rx_clk_enable_source_{ — rxmac_clk_en_i

Figure2.31. Clocking of SGMII (SERDES) PCS in TSMAC Easy Connect Mode (Nexus Devices)

aAdylfta dzyRSNIat/ {wta! ¢/ [Y{ 2LSNIXrdS Id I FNBI|dsSyoOe
sd_ext_0_refclk_i

sd_ext_1_refclk_i

pll_0_refclk_i

pll_1_refclk_i

sd_pll_refclk_i

sdq_refclkp_qO_i/ sdqg_refclkn_qO_i

sdq_refclkp_ql_i/sdq_refclkn_q1_i

—n
—

=4 =4 =4 -4 -4 -4 4 —
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SGMII SERDES (Nexus)

MPCS Module
usr_clk_o sd_ext O refck il !
(and other internal < DIFFCLKIO!
clocks . CORE
usr_clk_oe—— ) +— — — refc in%q_ —— _ sd_ext_1_refclk_i
rerclkin2i«— — — ]
refclkind¢— —' |
PMA ] Il_0_refclk i
Il «— T etpLL
refclkin_sel— :' PCSREFMUK
= | LI e ———
| _ pli_irefck i | Right
(1 < PLL
|

| I ¢— sd_pll_refclk_i
| I ¢— clksel_i[1:0]
| I <— diffioclksel_i

______ 4—— sdq_refclkp_q0/1 i

" «—— sdq_refclkn_qo/1._ i
L ] ¢— use_refmux_i

Figure2.32. Reference Clock Dynamic Selection Block Diagram

The sdg_refclk signals (sdg_refclkp_qg0/1_i and sdq_refclkn_q0/1_i) form differential clocklpeseseference clocks
can be sourced externallZertain clock inputs must be sourced froine followingdesignated components to ensure
proper operation:

1 sd_ext 0 refclk_iand sd_ext_1 refclk i must be driven by the DIFFCLKIO_CORE.

1 pll_O_refclk_i must be sourced from the LEFT PLL.

1 pll_1_refclk_i must be sourced from the RIGHT PLL.

The diffioclksel_i, clksel_i, and use_refmux_i signals are clock multipl&kerseference clock source control signals
are set according tahe table below

Table2.6. MPCS Reference Clock MUX Tree Control Signals
Reference Clock Control Signj Usage

use_refmux_i M Q @ Wse reference clock output from Clock MUX Tree (PCSREFMUX).

M Q @ Use dedicated reference clocksi(]_refclkp_q0/1_i and sdq_refclkn_qO/L i
diffioclksel i M Q Q Wsesd_ext1 refclk ias reference clocks.

M Q @ Usesd_ext O_refclk_ias reference clocks.
clksel_fi1:0] H Q o¢/Usepll_O_refclk_ias reference clocks.

H Q og/usepll_1_refclk_ias reference clocks.
H Q o¢Wse reference clock based on diffioclksel_i.
H Q ocNsesd_pll_refclk_as reference clock.

winnetatticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

2.2.3.4. Clocking forSERDES Primitiveé Avant Devices
For SERDES primitiy@PPHYn Avant deviceshe NS F SNBy 0SS 0t 201 A& wmpcoduHp all

Q Host Interface Clock

MAC IP
SGMII_PCS IP SGMII Easy Connect
TSMAC Easy Connect
——>| rx_clk_mii_i — clk_i
»| tx clk mii i 125 MHz
» pcs_usr_clk_i Data Path
Clock _
usr_clk_o » tx_mac_clk_i
Immi_clk_i
< > Reference —» rx_mac_clk_i
Clock 156.25 MH? MPPHY_PAD_REF_CLKS ‘
TX Clock Enable
tx_clk_enable_sink_i tx_clk_enable_source_¢ » txmac_clk_en_i
RX Clock Enablg
rx_clk_enable_sink_i rx_clk_enable_source_{ — rxmac_clk_en_i

Figure2.33. Clocking of SGMII (SERDES) PCS in TSMAC Easy Connect Mode (Avant Devices)

2.3. Reset

2.3.1. Reset Overview

Thesingle reset signal of thi®reset_n_iisused to reset all logic iINSHPwhen assertedDuring powetup, the
activelow reset must basserted and onlyde-assertedwhen all input clocks arealid and stableThe clock stability
indicators vay depending on thesource of the input clocks

1 PLL output clocksIndicated bylock o output port of PLL.

1 SGMII PCS output clgaksr_clk_a; Indicated byphy clk _readyutput port ofthe SGMII PCS.

9 Clocks from external PHYRefer tothe external PHY documentation.

To guarantee robust initialization under all operating conditions,abtiéve lowreset signal must remain deasserted for

I YAYAYdzY RdzNI GA2Yy 2F yn yao

2.4. User Interfaces

Table2.7. User Interfaces and Supported Protocols

User Interface Supported Protocols Description
HostInterface 1 AHBLite The lost interfaceconfiguresthe TSHPandreads out
1 APB the statusand statistics countersf the IP.
1 AXl4Lite
User Datdnterface AXI4Stream In the transmit datapath, eceive Ethernet packets
from userlogicandtransmitthemto the PHY
Inthe receive datapath, forward received Ethernet
packets from the PHY to user logic.
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User Interface Supported Protocols Description
PHY Interface T Ml Interfacewith the SGMI& Gb Ethernet PCS IPwith
1 GMIl external Ethernet PHY.
T RMI
1T RGMI
1T SGMI
Management Interface MDIO Accessgegisters ofextemal Ethernet PHY.
Interrupt Interface T Sendaninterrupt signal tathe processoifor the
occurrenceof selected events.
Miscellaneous T OtherMACsignalghat arenot described above.
MAC + PHMterface T SGMII & Gb Ethernet P@Ssignalsire available only
in the MAC + PHY configuration.
PHY only (SGMII) MAC facing 1  MII/GMII mode (Classic) Interface withthe TSE MAC
Interface f  TSMAC Easy Connect mode
PHY only (SGMII) external T Similar to the external facing MAC + Hhtérface
interface

2.4.1. Host Interface

2.4.1.1. AHBLite Interface
Refer tothe AMBA 3 AHRite Protocol version 1.0 Specification for the timing details of this protocol.

2.4.1.2. APB Interface
Refer tothe AMBA 3 APB Protocol version 1.0 Specification for the timing details of this protocol.

2.4.1.3. AXl4Lite Interface

The statechanges according the AXI4Lite Manager, axi_arvalid and axi_awvalid. Assertion of arvalid or awvalid must
be held until the completion ahe respective request.

IDLE

arready = 0
aw_ready = 0
w_ready = 0

———> {arvalid,awvalid}

00 state_done signal

10,11 01

read_done write_done

WRITE

aw_ready =1
w_ready =1

READ

ar_ready =1

(pulse assertion)

(pulse assertion)

Figure2.34. State Machine
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1 IDLESayidle when both axi_arvalid and axi_awvalid are deasserted.
1 READReadrequest when axi_arvalid is assertguiioritizeread if both axi_arvalid and axi_awvalid are asserted.
1 WRITEWrite request when only axawvalid is asserted.

Forthe READGxtate, after aread request is completed, the axi_arready will be ptseerted. A handshake happens at
the readaddress channel. Fthe WRITEtate, after a write request is completed, the axi_awready, axi_arready and
axi_bready will be pulsasserted. Handshakes happen at write address channel, write data channel, and write
response channel. Whereas axi_rvalid can be asserted at any state, the assertion igihald uready ihigh. A
handshake happens at read data chaniiéle AXI4Lite Managemusthalt the reading request if axi_rreadylasv.

Refer tothe AMBA 4 AXHite Protocol version 1.0 Specification for the timing details of this protocol.

2.4.2. Media Independent Interface Management

The Media Independent Interface Management Module (MIIM) accesses management information from the PHY
device and writes to or reads from the PHY regist€he MIIM is complianwith the MDIO defined inthe IEEE 802.3
Clause 22A single MIIM can address up to 32 PHY devices. This module runs off its own clock calle@madc
standard specifies this clock to berabximum2.5 MHz

The MIIM read or write operations are specified in tBB1II Management Register Access Contgister. This register
also specifies the addressed PHY and the register within the PHY that needs to be accessad. fihbit in the GMII
Management Register Access Conteglister is reset as soon as a command to read or write is given. It is set only
when the MIIM module completes the operation. While the interface is busy@kkl Management Register Access
Controlregister cannot be overwritten, and all write operations to the register are ignored.

For a write operation, the data to be written is stored in B&I1l1 Management Access Datgister. For a read
operation, the data read from the addressed PHY is stored in this register. The ready biGiM thlanagement
Access Contras set at the end of the read/write operation.

2.5. Datapath

The following figurestow the select frame formats of data transmitted and received on the Ethernet networkttteat
TSHP core supports.

DESTINATION SOURCE LENGTH/ FRAME CHECK
PREAMBLE SFD ADDRESS ADDRESS TYPE DATAIPAD SEQUENCE
7 bytes 1byte 6 bytes 6 bytes 2 bytes 46-1,500 bytes 4 bytes
Figure2.35. Untagged Ethernet Frame Format
DESTINATION SOURCE VLAN TAG LENGTH/ FRAME CHECK
PREAMBLE SFD ADDRESS ADDRESS HEADER TYPE DATAIPAD SEQUENCE
7 bytes 1byte 6 bytes 6 bytes 4 bytes 2 bytes 46-1500 bytes 4 bytes
Figure2.36. VLANTagged Ethernet Frame Format
PREAMBLE SED DESTINATION SOURCE LET’\\'(%TEH/ MAC CTL OP_CODE | FRAME CHECK
ADDRESS ADDRESS 8808 OP_CODE | PARAMS/IRSV| SEQUENCE
7 bytes 1 byte 01-80-C200-00-01 00-01
Y y 6 bytes 6 bytes 2 bytes 2 bytes 44bytes 4 bytes

Figure2.37. Ethernet ControlFrame Format
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Onthe receivingside, data received fromthe G/Mll interface isfirst buffered untilsufficient datais available to be
processedy the Receie MAC (RXMAC).ThePreanble and the Stat-of-Frame DelimitenSFD)nformation are then
extracted fromthe incomingframeto determine thestart of a valid frame. TheReceve MAC checksthe addressof the
receved packet and validateswhetherthe framecanbe receved before tranderring itinto the FIFO. Onlyvalid frames
are tranderred intothe AFO (runts and fragments arediscarded) TheRXMACalsoprovidesa statisticsvector on a
Per packetChasisthat canbe usedby the application.The MACalways cdculatescyclic redundancy checlCREto
check whetherthe framewasreceived error-free.

On the tansmitside, the TXMAC isresponsble for controllingaccesgo the physicaimedium.The KMACreads data
from TXFIFO, formatsthis datainto an Bhernet packet andpassest to the G/MII module. TheTXMACreadsdatafrom
the TXFIFQwhena paket is available, andthe TXMACIs inits appropriate state. The TX MAC pre-fixesthe Preanble
andthe SDinformationto the data and appendthe framecheck sequence(FCSat the end of the dataln half-duplex
operation,the TXMAC stores thdirst 64 bytesof datafrom FIFQn aninternalbuffer, to be usedin re-transmittingdata
oncollisiors.

Atagged fameincludes a4-byte VLANIagfield, which islocated betveen theSource Address fieldndthe
Length/lype field. The VLANTag field includesthe VLANIdentifier and other control information neededvhen
operatingwith Virtual BridgedLANsasdescibedin IEEE802.1Q.

2.5.1. Receive MAC

The main function othe RXMAC is to accept formatted data frothe G/MII interface and pass it tihe AXt4 Sream
interface through FIFO. During thiperation the RKMAC performs the following functions:

1 Detect the start of the frame

1 Compare MAC address

1 Recalculate CRC

1 Process the control frame and pass it to the flow control module

TheRXMAC operation is determined by programmitig Mode and Transmit and Receive Control Registers
register definitions and bit descriptioneefer tothe RegisteDescriptionsection Note thatyou must set thebits for
the gbit_enand hundredbit_ermode registerdo change or select the MAC operating speetdM, 100M or 1GFor
more information on mode registers, refer to tfi@x000]Mode Registesection.Events that occur during reception of

a frame are logged into the rx_stat_vector_o signal and the Transmit and Receive Status Régdié&Ccan report
information about miscellaneous evergsich as

1 FIFO overflow

CRC error

Receive error

Short frame reception
Long frame reception
IPG violation

=A =4 -4 -4 -

By default, the entire frame (except Preamble and SFD bytes) is sent to FIFO throudiMAE Rpplication interface
signals. Iffou donot want to receive the FCS, the core can be programmed to strip the FCS field as well as any PAD
bytes in the frame and send the rest to the FIF®eRXMAC section operates on the rxmac_clk_i derived from the
rx_clk sourced from the PHY. All the signalsherReceive MAC FIFO interface are synchronous to this dibelRX

MAC is disabled while Rx_en is Low (Bit_hefWlode Register) and should be enabled only after the associated
registers are properly initialized.

2.5.1.1. Receiving Frames

The frames received ihe RXMAC are analyzed and the Preamble and SFD bytes are stripped off the frame before
they aretransferred to the RFIFO. The AXISream interfacethat is used to readhe RXdata fromthe RXFIFO is

eight bits wide. The default operation foXRIAC is to transfer the unmodified frame after stripping off the Preamble
and SFD bytes. This behavior can be changed by setting bit [1] ®fe¢hemit and Receive ContiRégister. When bit

[1] is setithe RXMAC strips the Preamble, SFD, FCS bgtasthe PAD bytes, if any. Note ththe RXMAC assumes

that the received frame has PAD bytes if ab§de packet is received with its Length/Type field set to the value of less
than 46 bytes.
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2.5.1.2. Address Filtering

TheRXMAC offers several address filtering methdhlat youcan utilize to effectively block unwanted framdtsalso
provides a Promiscuous mode in which all supported filtering schemes are abandontted&dVAC transfers all the
frames irrespective of the address they contdiy. defaultthe RXMAC is configured to filter and discard Broadcast
frames For exampleall bits of the received DA == 1) and multicast frantlest (s bit[0] of the received DA == 1).

The MAC can be configured to receive broadcast frames by setting bit [7] dfahemit and Receive ContiRégister.
Multicast frames are received only when bit [4] of theansmit and Receive ContiRégister is seiVhen set, multicast
frames aresubject to filtering that is dependent on a4t hash table lookupThe 64bit hash table is organized as

eight 8bit registers.The six middle bits of the most significant byte of the CRC calculated for the destination address
field of the frame are used taddress one of the 64 bits of the hash table.

The three most significant bits of the calculated CRC select one of the eight tables, and the three least significant bits
select a bitThe frame is received only if the retrieved bit is Sdte IPregisters specifying the hash tables contents are
described irthe RegisteDescriptionsection All other regular frames are filtered based on theéNRAC addresthat is
programmed into theMIACaddress (0, 1, 2eqgisters.

2.5.1.3. Filtering Based on Frame Length

The default minimum Ethernet frame size is 64 byfasy frame smaller than 64 bytes could be a collision fragnignt.
default,the RXMAC is configured to ignofeamesshorter than 64 bytesYoucan configure the MAC to receive shorter
frames by setting bit [8] of th&ransmit and Receive ContiRégisterWhenever a short frame is received, the
appropriate bit is set in the statistics vector, marking it as a Short frame.

TheRXMAC has been designed to receive frames larger than the standard specified maximum as easily as any other
frame, thus, it may be used in environments that generate jumbo fratdesiever, for statistical purposegou can set

the maximum length of the frame in tHdaximum Packet SizeegisterWhen the received frame is larger than the
number in this register, bit [31] of the Receive Statistics Vector bus is set, markinglLibrag frame

2.5.1.4. Receiving a Pause Frame

Whenthe RXMAC receives pause frame, the XMAC continues with the current transmission then pauses for the
duration indicated in thgpause time During this time, the XMAC can transmit Control framealthoughpause frames
may contain the Multicast Address, Multicast filtering rutle®s not apply tpause frames

If bit [3] of theTransmit and Receive ContiRégister is set, theX@MACsignalghe TXMAC to stop transmitting for the
duration specified in the framaf this bit is reset, the RMAC assumes theXMAC does not have theause capability
and/or does not wish to be paused andthe RXMACdoesnot signal it to stop transmittingf the drop control, bit[6]
in the Transmit and Receive ContiRegister is set, thpause frame is receiveout dropped internal to theVIAC ands
not transferred to the FIF@therwise, thepause frame is received and transferred to EIFO

2.5.2. Transmit MAC

TheTransmit MAC (@MAC) is responsible for controlling access to the physical medibe X MAC reads data from
a ™XFIFO when the FIFO is not empty and when it detects an active tx_fifdawallX MAC then formats this data into
an Ethernet packet and passes it to the G/MII moduilee TXMAC is disabled while tx_en is low (bit[3] of the Mode
Register) and should only be enabled after the associated registers are properly initialized. Once ¢énad}MAC
continuously monitors FIFO interface far endication that frame(s) are ready to be transmitt&the TXMAC and X
FIFO interface operations are synchronous to txmac_clk_i.

In 10/200 modethe TXMAC can be configured to operate in either kdlfplex or fulduplex mode. This is done by

writing to bit [5] of the Transmit and Receive Control Registeafii-duplex operationthe NS OS A @S NDBe 06 dzF TSI
filled up quickly. When this happens, the receiver sends flow control (Pause) frames to the transma@tiegstingit to

stop transmitting. The transmitter finishes transmittitige current frame and stops for the duration specified in the

pause frame.

2.5.2.1. Transmitting Frames

By defaultthe TXMAC is configured to generate the FCS pattern for the frame to be transmitted. However, this can be
prevented by setting bit [2] of the Transmit and Receive Control Register. This feature is useful if the frames being
presented for transmission alreadyrain the FCS field. Whehe FCS field generation is disablgdy mustensure
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that short frames are properly padded before the FCS is generatid MAC receives a frame 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 ttineugki4Stream interface and then
encapsulated into ann-tagged Ethernet frame. This frame is not sent over the network until the network has been
idle for a minimum of InteiPacket Gap (IPG) time.

The frame encapsulation consists of adding the Preamble bits, the SFD bits and the CRC checksum to the end of the
frame (FCS). If padding is not disabled, all short frames are padded with hexadeciffad DOMAC requires a
O2yGAydz2dza aGdNBIFY 2F RFEGlF F2NJ 6KS SYGANB FNIYSP ¢KSNBE
the MAC was able to transmit a frame without any errors, the tx_done signal is asserted. Once the transmission has
ended, cita on the tx_statvec_o bus is presented te ttlient, including all the statistical information collected in the

process of transmitting the frame. Data on this bus is qualified by asgéhi tx_staten_o signal.

After the TXMAC is done transmitting a frame, it waits for more frames from the FIFO interface. During this time, it
goes to an idle state; this can be detected by reading the Transmit and Receive Status Register. Since the Mode
Register can be written at any timie TXMAC can be disabled while it is actively transmitting a frame. In such cases,
the MAC completely transmits the current frame and then returns toithie state. The control registers should be
programmed only aftethe MAC has returned tthe idle state.

2.5.2.2. Transmittinga PauseFrame

Two different methods are used for transmittingpauseframe. In the first method, the application layer formpause
frame and submits it for transmission via the A%tdeam interface. In the other method, the application layer signals
the TXMAC directly to transmit pauseframe. This is accomplished by asserting tx_sndpausreq_i. In this cas& the T
MAC completes transmission of the current packet and then transnptsuaeframe with thepausetime value

supplied through the tx_sndpaustim_i bus.

2.5.2.3. Retries on Collision

When operating in the haffluplex mode, the XMAC has the capability to perform-teansmission of frames that have
experienced ivindow collision up to the specified maximum. This is possible because the MAC always buffers the first
64 bytes of the frame.

If the MAC has been disabled while it is backing off (soon after a collision), it only returnddéetstate after it has
successfully transmitted the frame or has exceeded the retry limit.

In the 10/100 mode, the XMAC provides the following information:
1  Whether the frame deferred before transmission
1 The number of times the frame experiences collision before transmission

This information is sent as part of the statistics vector. For a frame transmitted without any errors, the statistics vector
qualified by the enable signal is asserted along with the tx_done_o signal. When the frame experiences excessive
collision or late collision, the statistics bit for the appropriate condition is set and the tx_discfrm_o signal is asserted.
This indicates aarror condition.

2.6. Statistics Vector

By defaultthe Statistics Vector is generated for all received frames transferred to the Fix@.want the RKMAC to

ignore all incoming frames, the input signal ignore_phktust be assertedThe frame that should have been received is
consequently ignored, antthe RXMAC sets the Packet Ignored bit ({26]) of the Statistics Vectol.heMaximum Packet
SizeRegister is programmed kyou as a threshold for setting the Long Frame bit of the Statistics Vethis. value is

only used foun-tagged franes. TheRXMACaddsa n ¢ (2 (GKS @I f dzS ALISOAFASR Ay (GKA:
when checking against the number of bytes received in the frahhés is because all VLAN Tagged frames have
additional four bytes of datawhen a tagged frame is received, the entire VLAN Tag field is stored WiLtid Tag
RegisterAdditionally, every time a Statistics Vector is generated, some of the bits are written into the corresponding bit
locations [9:1] of thélransmit and Receive StatlegisterThis isdone so thatyou can get this information via thelost

interface.
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Table2.8. Receive Statistics Vector Description

Bit Description

31 Long FrameThis bit is set when a frame longer thiamgth specified in theMaximum Packet SiZgegister is received
30 Short FrameThis hit is set when a frame shorter than 64 bytes is received

29 IPG ViolationThis bit is set when a frame is received before the IPG timer runs out (96 bit.times)

28 PTP 1588 frame. This bit is set when kh&Creceives a PTP 1588 frame.

27 Carrier Event Previously Se&vhen assertedit indicatesthat a carrier event was detected since the last frame
26 Packet IgnoredWhen set, this bit indicates the incoming packet is to be ignored

25 CRC ErrofThis bit is set when a frame is received with an error in the CRC field

24 Length Check Errafhis bit is set if the number of data bytes in the incoming frame do not match the value in the le
field of the frame

23 Receive OKThis bit is set if the frame is received without any error

22 Multicast AddressThis bit is set to indicatinat the received frame contains a Multicast Address

21 Broadcast Addres3his bit is set to indicatihat the received frame contains a Broadcast Address

20 Dribble NibbleThis bit is set when only four bits of the data presented on the RS interface are valid

19 Unsupported OpcodeThis bit is set if the received control frame has an unsupported opdodhis version of the IP,
only the opcode fopauseframe is supported

18 Control FrameThis bit is set to indicate that a Control frame was received
17 PauseFrame.This bit is set when the received Control frame contains a palideopcode
16 VLAN Tag Detecteilhis bit is set wheMACreceives a VLAN Tagged frame

15:0 | Frame Byte Count his bus contains the length of the frame tlsteceived.The frame length includes the DA, SA, L/T
TAG, DATA, PAD and FCS fields

For every frame transmitted, the statistics vector is generated including all the statistical information collected in the
process of transmitting the frame.

Table2.9. Transmit Statistics Vector Description
Bit Description
31 PTP 1588 frame. This bit is set when k&Ctransmits a PTP 1588 frame.

30 FCS generation is disabled, and short frame was transmitted
29:26 | Number of early collisions

25 Excessive collision

24 Late collision

23 Excessivelgeferred transmission

22 Deferred transmissian

21:8 | Number of bytes in the transmitted frame

VLAN tagged frame. This bit is set when a VLAN tagged frame is transmitted.
Pauseframe. This bit is set whengause frame is transmitted.

FIFO underun.

Jumboframe. This bit is set whethe Jumbdframe is transmitted.

Bad FCS frame

Broadcast frame. This bit is set wh@Broadcast frame is transmitted.

Multicast frame. This bit is set wherMulticast frame is transmitted.

Unicast frame. This bit is set whatnicast frame is transmitted.

O|lRrINIWI~AlOW|O (N
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2.7. LaneMerging

2.7.1. Lane Merging for SERDES Primitive of Avaevices

2.7.1.1. Overview

TheMPPHY block is a quad made up of four lanes P6t).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.

b2iSYWS YSNEHAY3 A3 !BOidyRAEILENIGIRO SR

2.7.1.2. Usage

Each TSE SGMII IP instantiated/d°PHY foundation IP configured with a 1iKkk width, whichoccupiesa single lane
of a quad. By defaulthe Radiant softwarattemptsto merge MPPHY instances to minimilze devicepower
consumption.

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

To set the Lane IDglfow these steps:

1. Ly {(KiSSOlU TiSHhREDRGE &269/ve58{/0{ BaLLO6{@IwW59{ 0

2. Ly ti/KS [ F¥StRET &aSG GKS flIyS L5 O2yFAIdzNF A2y 2F GKS L
G2 ¢h LF! €S/ S L5 A aLAayS f S200iFSiR2 yii KFSa & A 3 i KEBRAINI Y DG O@2 § a0 R

FAESD LT GRS ¢Ih5A A &0 R (10138831 2R | 02y Tt A 0G0 ofSI@BSIS yR SiaKAS3
LI2NI O2yaimMSAFLi>REXBIVI2LRP NI O2yadNFAyd (1 1Sa LINBOSRSYy
FYR | 6FNYyAy3a YSaal3dsS A& akKz2s6y o

¢CKS i[@r- Tn aAtAO2Y & dzLJLJ2 NIa dzld G2 &as
2yS ljdZ R I'yR O2yaraua 2F F2dNJ tlysSa
I ONRaa asSE&EPByibdd Ra ¥yl LILIAYI Aa la F2f¢
Table2.10. Quadto-Lane ID Mapping for LAXT-G/X70
Quad LANE_IDs
0 0,123
4,5,6,7
8,9, 10,11
12,13, 14,15
16, 17, 18, 19
20, 21, 22, 23
24, 25, 26, 27

S@HSY dzal 6t S ljdzZ RAX F
o-n OQ)/T)\EIdZNJ-ﬁ)\Z)/O(
t2¢

OO W|N|F

[FYyS YSNBAY3I Aad LISNF2NNSR 6AGKAY AYRAGARIZ € lidzZ Ra 2yf @&«
NEBAONAOGSR (G2 trysSa GKFG o0Stz2y3 G2 GKS &FYS ljd RO CKAA
I NOK A (FSr@xangieBlames 0 and 2 can be merged because they reside in Quad 0, but lane 3 cannot be merged

with lane 4becausehey belong to different quads (Quad 0 and Quad 1, respectively).
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User Guide

M Module/IP Block Wizard X

Configure Component from IP tse_mac Version 2.2.0
Set the following parameters to configure this component.

Diagram testl Configure IP
testl “| | Property Value
axis Mo | 7 General
INTRH= Select IP Option MAC + SGMII{SerDes)
an_link_ok_of— ~ Configuration
=({EAax14L_s0 P
A S0 cpu_if_ghit_en_of— Host Interface AXl4L
~EMPPHY_LMMI S0 ";pph:j ”:a—rfo—s;? d:;ﬂ:—g B Enable Half Duplex Module
ek i pPiy_pma_t . d W Enable AXIS FIFO Functionality
A " . mpphy_rx_gelk_o— P .
—{debug_link_timer_short i I Statistics Counter Registers
f isolate i mpphy_tx_gclk_o[1:0] =
—{farce_isolate_i i
force_lou ba;k i mr_an_complete_of= RAERTF S PR
- _p_ - mr_lp_adv_ability o[15:0]p= RX¥ CTC Mode Dynamic
={force_unidir_i - - N
- - Mr_page rx_ o
—{gbe_maode i - -
N - pad_txn of—
—{ignore_pkt_i ad_tx -0
={mr_adv_ability i[15:0] pac_ ‘;— ~ MPPHY Settings
~mr_an_enable_i peeolo Select MPPHY lane or channel AUTO
- . _error_oj— -
-1 mr_maln_reset._l _fifo_ermor_oj— Loopback Mode Disabled
—{mr_restart_an_i _pma_rdy of- » PMA Setup-Receiver Subgroup
'“P:rat'f""l‘:'-rate-'[m] m_stat_vector o[31:0]jm RX Coupling Mode AC Coupling
—{pad_refclkn i "
- - tat: —
oad refcikp i _ mstaten o RX Loss of Sig port Enable
- T sgmii_m clk en of=
—{pad_rxn i T T T
- = sgmii_tx clk en o=
={pad_np_i - T
i K te_an_link_ok_of—
pcs_usr_.c - e discfrm o=
~Jreset.nt tx r_nacread_o —
—{tx_fifoctrl_i - -
- - . t pma_rdy op=
—{tx_sndpausreq_i _tx ta_t -
=ltx_sndpaustim i[15-0] -staten_o
- - t_statvec_o[31:0]
usr_clk_oj—
usr_clk_ready_of—
tse_mac
-
4 3
User Guide No DRC issues are found.

Generate | Cancel

Figure2.38. Set the Lane ID Configuration of thHdAC + SGMII (SERDES)

2.7.1.3. Lane Merging Report

Duringlanemerging, the PosSynthesis process produsa report file namednpphy_lane_assignment.mirf the
LINEP2SOGQa I OGA@S AYLX SYSyidlGdAz2y F2f RSN GKIG aK2ga K2g
MPPHY quad¥.ou can openhe 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 Assignment Within Quad ~~
Lane 3: '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' (
Assignment is due to:
- LANE_ID=3 parameter assignment
Lane 2: -- un-assigned --
Lane 1: -- un-assigned --
Lane ©: 'instl/lscc_ten_gbe_phy mac_inst/genblkl.genblkl.u_ten_gbe_phy/mpphy_@3A_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_83A_ inst/lscc_mpphy_inst/mpp_nonpipe_x1.u_nonpipe_x1, in
MPLLB: -- un-assigned --

Figure2.39. Lane Merging Report File

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are amwenetatticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificatiiasraation herein are subject to change without notice
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.7.1.4. Restrictiorsand Limitations

Tomerge instancefto the same quad, instances must abide by the following restrictions:

il

il
f
f

Shared reference clock connection.

Shared LMMI clock and reset connections.

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

/ 2 YL} GA-H tz8 Ré LIS Ry afiditedinurbgrédof 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 pemuad if it is aroutput.

For output clock, use only output clock from one instance of the quad to drive the Begiauseutput clocks

from other IP instance intent to be merged to the same quad, do not use the clock to drive any logic.

Table2.11. Signal Mapping Between MPPHY and TSE IP

MPPHY TSHPt SGMII(SERDES) only TSE IP MAC + SGMIISERDES)
Immiclk_q0_i clk_i Imml_clk_i
refclk_p_qO_i pad_refclkp_i pad_refclkp_i
refclk_n_qgO_i pad_refclkn_i pad_refclkn_i
Immireset_n_q0_i reset_n_i rst_n_i
txoutgclk_pll0_q0_o xg_tx_gclk_o[0] xg_tx_gclk_o[0]
usr_clk_o usr_clk_o
txoutgclk_pll1_qg0_o xg_tx_gclk_o[1] xg_tx_gclk_o[1]

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 issuednd the Radiant software flow will not continue past the P8ghthesis stage.
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The diagram below show®w to connect the signahat has restriction and limitation for lane merginBo ensure

LINPLISNI ljdzZc R YSNHAY3I YR YIAYQdl Ay Of 2rQypicaly o LANEOmugtd S I NR G
be used to drive downstream logic. Output clocks from other lanes within the same quad GLANEERB) must not be

used for logic purposes. Additionally, all input signals across the lanes must be connected to the same source to
guarantee consistent behaviand synchronization. These restrictions prevent ambiguity in clock domain crossings and
allow the Radiant software to merge all MPRH&ances into a single quabrrectlyduring synthesis.

LANEO (QUADO)

reset_n_ifrst_n_i
clk_i/lmmi_clk_1]

reset_n_i/rst_n_i
clk_i/lmmi_clk_i

Yyvy

mpphy_tx_gclk_o[1:—— (Can be

pad_refclkp_+p—1 » pad_refclkp_i
pad_refclkn_+p—p——- » pad_refclkn_i usr_clk_d used)
pcs_usr_clk_i

LANE1 (QUADO)

» reset_n_i/rst_ n i
clk_i/lmmi_clk_i

(C

mpphy_tx_gclk_o[1:——X
1 »| pad_refclkp_i

pad_refclkn_i usr_clk_g——xX

A

Lp| pcs_usr_clk_i

LANE2 (QUADO)

> reset_n_i/rst_n_i
—»| clk_i/lmmi_clk_i

[

mpphy_tx_gclk_o[1:0—X

[

pad_refclkp_i
pad_refclkn_i usr_clk_ad—-x

A

[ pcs_usr_clk_i

LANE3 (QUADO)

» reset_n_i/frst_n_i
clk_ilmmi_clk_i

(C

mpphy_tx_gclk_o[1:0——X
L4 » pad_refclkp_i
pad_refclkn_i usr_clk_g—xX

A

L pcs_usr_clk_i

Figure2.40. Lane Merging ConnectianSGMII (SERDES) only and MAC + SGMII (SERDES)

2.8. Hardware Requirements (Avant Devices)

For MAC + SGMILVDSYpr SGMI(LVDSYpnly mode, there are PCB requiremenfsyouwant to buildyour own custom
board withan Avant device, ensurthat the routing from the pin tahe external PH¥ kept at a recommended
maximum length of 4 inches using 100 ohm differential impedance with a maximumiapér R orTX signal.

The RX Eye valid window requirement is 0.6Ul Eye Opening (480ps for 1.25 Gbps SGMII).

Currently, a maximum of 1 SGMII links per HPIO bank and each bank must have a PLL. Each SGMII x1 link consists of 1
LVDS TX and RX pair. For larger Avant devices, banks 3 to 11 with PLL can be used. For more information, refer to the
Lattice AvantHardware CheckligFPGATN-02317).

For VCCPLL, share the DC supply with VCC ardAdd isolation with an inductor.
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3. |P Parameter Description

The configurablattributes of the TSHP coreare shown in the following tables. You can configure the IP by setting the
attributest OO2 NRAy 3If e Ay (GKS Lt /FGFf23Q4a az2Rdzf SkLt @Al NR 2
Wherever applicable, default values are in bold.

Formore information on the parameter settings of common Ethernet implementatiosfey to Table2.2.

3.1. GeneralAttributes
Table3.1. General Attributes

Attribute Selectable Values Description Dependency on
Other Attributes
General
Avant devices: This attribute configures between MAC only mo8&MII | T
 MAC only (LVDShnly mode SGMII SERDESNnly mode, MAC +
1 MAC + SGMII SGMIKLVDS) modeor MAC +SGMII $ERDBSnode.
(SERDES)
1 MAC + SGMII Note: The SGMII interface using LVDSit/@ertus
(LVDS) NX, CertusPrdX, MachXOBIX and CrossLinkiX
1 SGMIKLVDS) FPGAs hdsnitations when operating across the ful
only specified temperature range. Lattice recommends
1 SGMII (SERDES]) ysing alternative interfaces, such as SERDES or
only RGMII, for designs requiring Gigabit Ethernet. Ref

to the Knowledge Bse articlefor details. Contact

CertusPreNX devices:| v 1 |ocal Lattice sales representative for more

Select IP Option

T MAC only information.
T MAC + SGMII
(SERDES)
T MAC + SGMII
(LVDS)
1 SGMI(LVDS)
only
1 SGMII (SERDES
only

Other devices:
1  MAC only

3.2. MAC Only Mode Attributes
Table3.2. MAC Only Mod#éAttributes

Attribute Selectable Values Description Dependency on
Other Attributes

Configuration

1 APB This attributeselects the type of Host Interface, either T
Host Interface 1 AHBL AHBLite, APB, or AXldite.

1 AX4

1T MI/GMII This attributeconfigures the usage type of théll Enabled when

1  Gigabit MAC interface For more information, refer to the Select IP Option ==
Select MAC 1 SGMIl Eas ImplementationOptionssection MAC only
Operating Option Y

Connect
1 RMI
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Functionality

T Unchecked

Attribute Selectable Values Description Dependency on
Other Attributes
1 RGMI
Include MIIM f  Checked Enables or disablédedia Independent Interface Enabled Wher_l N
Module Unchecked ManagementMIIM). Select IP Option ==
Il nchecke MAC only
EnableHalf Duplex| § Checked Enables or disabldsalf-duplexmodulein TX MACWhen T
Module 1 Unchecked this option is enabled, MA€noperatebetweenhalf-
duplex and full duplex mode. Whemas, when it is disabled
MACoperates in fullduplex mode only.
Enable AXIS FIFO| § Checked Enables or disablesXIS FIFO functionality in both TX anq t

RX Each FIFO is configured with a depth O3 entries
andserves as a temporary buffer to manage data flow

Statistic Counter
Registers

1 Checked
T Unchecked

Enables or disables statistics counter registers. For mor:
information, refer tothe Statistics Counter Configuration
section.

RGMII Timing Con

sideration

Enable FPGA delq|
for TX

1 Checked
1 Unchecked

TX FPGA delay. Enables yofirte-tune the timing of the
TXsignalto achieve eithecenteralignedor edgealigned
configuration. This configuration optimizes tR&MI|
Ethernet PH¥atatransferperformance

Enabled when
Select MAC
Operating Optior=
RGMII

for RX

Unchecked

FPGA delay steps| Nexus devices: Each delay step shifts data by ~10 ps but varies with P\| Enabled when

for TX 0¢ 127 conditions. Enable FPGA delay
Avant devices: for TX is selected
0¢511
(Default: 127)

Enable FPGA dela] § Checked RX FPGA delay. Enables yofintetune the timing of the | Enabled when

RXsignalto achieve eithecenteralignedor edgealigned
configuration. This configuration optimizes tR&MI|
Ethernet PHdatatransferperformance

Select MAC
Operating Optior=
RGMII

FPGA delay steps
for RX

Nexus devices:
0¢127

Avant devices:
0¢511
(Default: 127)

Each delay step shifts data by ~10 ps but varies with PV
conditions.

Enabled when
Enable FPGA delay
for RX is selected

3.3. SGMII(LVDSPnly Mode Attributes

Note: The SGMII interface using LVDSi@ertusNX, CertusPrdX, MachXOBIX and CrossLinrkIXFPGA#$as
limitations when operating across the full specified temperature range. Lattice recommends using alternative
interfaces, such as SERDES or RGMII, for designs requiring Gigabit Ethernet. Refandwithdge Bse articlefor
details. Contact your local Lattice sales representative for more information.

Table3.3. SGMILVDSPnly Mode Attributes

Attribute

Selectable Values

Description

Dependency on
Other Attributes

PHY Settings

G(MII)Style

1 Classic
1 TSMAC Easy
Connect

This attribute affects the behavior and implementation of
the (G)MII port. In Classic mode, the (G)MII data port is

bits wide. All 8 bits are used for 1 Gbps operation. Only

lower 4 bits are used for 100 Mbps and 10 Mbps operati
A separate MII clek is used to synchronize the (G)MII da
The MII clock frequency varies with the (G)MII data rate]
125 MHz for 1 Gbps, 25 MHz for 100 Mbgosd 2.5 MHz

for 10 Mbps. Irthe TSMAC Easy Connect mode, the (G)N
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Attribute

Selectable Values

Description

Dependency on
Other Attributes

data port is 8 bits wide; and all 8 bits are used, regardleg
of the (G)MII data rate. A single 125 MHz clock is used {
synchronize (G)MII datnd a clock enable is used to
regulate the (G)MII data rate.

CTC Mode

1 Static
1 Dynamic
1 None

This attribute controls the behavior of the CTC block. In
dynamic mode, the CTC FIFO thresholds are automaticg
changed based on the current operational rate of the rat
adaptation blocks. Optimal thresholds are internally chos
for thesethree data rates 1 Gbps, 100 Mbpsnd 10
Mbps. In static modeyou manuallychoosethe CTC FIFO
thresholds, and these thresholds remain fixedNione
mode, the CTC function is replaced by a shallow FIFO t
facilitates clock domain crossing between the recovered
SERBS clock and the local IP core recaige 125 MHz
clock.

Static Low FIFO
Threshold

1¢ 1,016
(Default: 16)

When Static CTC mode is chosen, this attribute specifie
the FIFO low (almost empty) threshold.

Note: It is essential that the Static High FIFO Threshold
almost full threshold, is always to a value higher than thg
Static Low FIFO Thresholdnakt empty threshold. This
ensures that the FIFO can correctly indicate both low an
high occupancy levels without coicfl, preventing

potential underflow or overflow issues during operation.

Enabled wherCTC
Mode == Static

Static High FIFO
Threshold

4¢ 1,020
(Default: 32)

When Static CTC mode is chosen, this attribute specifie
the FIFO high (almost full) threshold.

Enabled wherCTC
Mode == Static

Optional Settings

Use External PLL
(remove internal
PLL instance)

 Checked
1  Unchecked

By default, there is a PLL instance inside the IP that
provides clock to the CDR and GDDR block. This option
allows you to remove the internal PLL instance in the IP
This option is useful if you intend to use some ports of th
PLL that are not possible if it is inside the IP. User
applications with multiple SGMII instance may prefer to
have a common PLL instead of per IP instance.

For some devices like LFMXOS5, the reference clock of ¢
blocks is tied to a common PLL, so this option is needed
when implementing multiple SGMII instance.

This option is not
available for Avant
devices.

CDR Reference
clock(Enable Port)

 Checked
Unchecked

This is related to th&Jse External Rloption above. When
enabled, the internal CDR reference clock input is provig
asan|P port.

For LFMXOS5 devices, this optimustalways be enabled
regardless of thé&Jse External Pldetting. CDR and DDR
cannot share PLL clocs you are expected to instantiate
a separate PLL in the design. Note ttiet CDR reference

clock can only come from CLKOP of the PLL.

This option is not
available for Avant
devices.
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3.4. SGMII SERDB®nNly Mode Attributes(Nexus Devices)
Table3.4. SGMII SERDB®nly Mode Attributes

Attribute

Selectable Values

Description

Dependency on
Other Attributes

PHYSettings

G(MiIl) Style

 Classic

1 TSMAC Easy
Connect

This attribute affects the behavior and implementation of
the (G)MII port. In Classic mode, the (G)MII data port is
bits wide. All 8 bits are used for 1 Gbps operation. Only
lower 4 bits are used for 100 Mbps and 10 Mbps operati
A separate MII clek is used to synchronize the (G)MII da
The MII clock frequency varies with the (G)MII data rate]
125 MHz for 1 Gbps, 25 MHz for 100 Mbgosg 2.5 MHz
for 10 Mbps. In TSMAC Easy Connect mode, the (G)MII
data port is 8 bits wide; and all 8 bits are usestjardless
of the (G)MII data rate. A single 125 MHz clock is used {
synchronize (G)MII data and a clock enable is used to
regulate the (G)MII data rate.

CTC Mode

 Static
1 Dynamic
f None

This attribute controls the behavior of the CTC block. In
dynamic mode, the CTC FIFO thresholds are automatica
changed based on the current operational rate of the rat
adaptation blocks. Optimal thresholds are internally chog
for thesethree data rates 1 Gbps, 100 Mbpsind 10
Mbps. In static modeyoumanuallychoosethe CTC FIFO
thresholds, and these thresholds remain fixedNione
mode, the CTC function is replaced by a shallow FIFO t
facilitates clock domain crossing between the recovered
SERESclock and the local IP core receisiele 125 MHz
clock.

Static Low FIFO
Threshold

1¢1,016
(Default: 16)

When Static CTC mode is chosen, this attribute specifie
the FIFO low (almost empty) threshold.

Note: It is essential that th&tatic High FIFO Threshold
(almost full thresholdlis always set to a value higher than
the StaticLowFIFO Threshol@lmost empty threshold
This ensures that the FIFO can correctly indicate both I
and high occupancy levels without conflict, preventing
potential underflow or overflow issues during operation.

Enabled wherlCTC
Mode == Static

Static High FIFO
Threshold

4¢ 1,020
(Default: 32)

When Static CTC mode is chosen, this attribute specifie
the FIFO high (almost full) threshold.

Enabled wherCTC
Mode == Static

PCS Settings

Select MPCS lane| § AUTO Assign the location of the MPCS lane or channel. T
or channel 1T O
T 1
1T 2
T 3
T 4
1T 65
1T 6
1T 7
MPCS PMA 1 Checked Enables the PMA loopback in CertusRid MPC®8rimitive | t
loopback f Unchecked
MPCS NAME T O MPCSNAME is an integer parameter used to uniquely Enabled when
7 1 identify multiple instances of the MPCS module within a| LANE_ID == AUTO
9 2 design.Formulti-lane SGMII Ethernetupport, each
1 3 instantiatedmodulemust be assigned a distinct MPCS
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Attribute

Selectable Values

Description

Dependency on
Other Attributes

= =4 —a -
~N o 0 b

NAME The selected value helps differentiate instances g
synthesis levels, enabling correct module mapping and
functionality in multiinstance configurations.

3.5. SGMII (SERDES) Only Mode Attribufasant Devices)
Table3.5. SGMII (SERDES) Only Mode Attributes

Attribute

Selectable Values

Description

Dependency on
Other Attributes

PHYSettings

G(MII) Style

 Classic

1 TSMAC Easy
Connect

This attribute affects the behavior and implementation of
the (G)MII port. In Classic mode, the (G)MII data port is
bits wide. All 8 bits are used for 1 Gbps operation. Only
lower 4 bits are used for 100 Mbps and 10 Mbps operati
A separate MII clek is used to synchronize the (G)MII da
The MII clock frequency varies with the (G)MII data rate]
125 MHz for 1 Gbps, 25 MHz for 100 Mbgosd 2.5 MHz
for 10 Mbps. In TSMAC Easy Connect mode, the (G)MII
data port is 8 bits wide; and all 8 bits are usesfjardless
of the (G)MII data rate. A single 125 MHz clock is used {
synchronize (G)MII data and a clock enable is used to
regulate the (G)MII data rate.

CTC Mode

 Static
1 Dynamic
f None

This attribute controls the behavior of the CTC block. In
dynamic mode, the CTC FIFO thresholds are automatica
changed based on the current operational rate of the
adaptation blocks. Optimal thresholds are internally chog
for thesethree data rates 1 Gbps, 100 Mbpsnd10
Mbps. In static modeyou manuallychoosethe CTC FIFO
thresholds, and these thresholds remain fixedNione
mode, the CTC function is replaced by a shallow FIFO tf
facilitates clock domain crossing between the recovered
SERDESock and the local IP core receisile 125 MHz
clock.

Static Low FIFO
Threshold

1¢1,016
(Default: 16)

When Static CTC mode is chosen, this attribute specifie
the FIFO low (almost empty) threshold.

Note: It is essential that th&tatic High FIFO Threshold
(almost full threshold)s always set to a value higher than
the StaticLowFIFO Threshol@lmost empty threshold)
This ensures that the FIFO can correctly indicate both I
and high occupancy levels without conflict, preventing
potential underflow or overflow issues during operation.

Enabled wherlCTC
Mode == Static

Static High FIFO | 4¢ 1,020 When Static CTC mode is chosen, this attribute specifiey Enabled wherCTC
Threshold (Default: 32) the FIFO high (almost full) threshold. Mode == Static
MPPHYSettings
Select MPHY 1 AUTO Assign the location of the MHYane or channel. T
lane or channel | ¢ 0-27 Specifies the Lane ID.
Loopback Mode | § Checked Enables the Fabric loopback or Near PMA loopback or | 1

1  Unchecked disables the loopback.

PMA SetupReceiver Subgroup (default values are recommended)

RX Loss of Sig pm{ 1

Enabled

RXloss ofsignalcapability.
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Attribute Selectable Values Description Dependency on
Other Attributes
Enable 9 Disabled
RX Coupling Mode §  AC Coupling PMAcoupling mode T
1 DC Coupling

3.6. MAC + SGMIILVDSMode Attributes
Table3.6. MAC + SGMII Mode Attributes

section.

Attribute Selectable Values Description Dependency on
Other Attributes
Configuration
1 APB This attributeselects the type of Host Interface, either T
HostlInterface q AHBL AHBLite, APB, or AXdldite.
1T AXl4
i- This attribute configures the MAC + SGMII option.
Select MAC + 1 Multi-rate SGMII g optio T
. Ethernet
SGMII Operating L
Onti 1 Gigabitl000BaseX
ption
Ethernet
1 APB This attribute selects the type of Host Interface, either | T
HostInterface 1 AHBL AHBLite, APB, or AXldite.
1 AXl4
Enable Half 1 Checked Enables or disabldsalf-duplex module in TX MAC. When| 1
Duplex Module 1 Unchecked this option is enabled, MAC can operate between-half
duplex and full duplex mode. Whereas, when it is disablg
MAC operates in fulluplex mode only.
Enable AXIS FIFO| § Checked Enables or disablesXIS FIFO functionality in both TX anq t
Functionality 1 Unchecked RXEach FIFO is configured with a depth O3 entries
andserves as a temporary buffer to manage data flow
Statistic Counter | § Checked Enables or disables statistics counter registers. For morq 1
Registers 1 Unchecked information, referto the Statistics Counter Configuration

PHY Settings

Refer tothe PHY Settingsectionin Table3.3.

3.7. MAC +SGMII SERDE®ode Attributes
Table3.7. MAC + MPCS Mode Attributes
Attribute Selectable Values Description Dependency on
Other Attributes
Configuration
1 APB This attributeselects the type of Host Interface, either T
HostInterface 1 AHBL AHBLite, APB, or AXldite.
1T AXl4
Select MAC + 1 Multi-rate This attribute configures the MACSGMII (SERDES) T
MPCSDperating Ethernet option.
Option 1  Gigabit Ethernet
Enable Half 1 Checked Enables or disabldsalf-duplex module in TX MAC. When| 1
Duplex Module 1  Unchecked this option is enabled, MAC can operate between-half
duplex and full duplex mode. Whereas, when it is disabl
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Attribute

Selectable Values

Description

Dependency on
Other Attributes

MAC operates in fullluplex mode only.

Enable AXIS FIFO|
Functionality

 Checked
1  Unchecked

Enables or disablesXIS FIFO functionality in both TX an
RXEach FIFO is configured with a depth 643 entries
andserves as a temporary buffer to manage data flow

Statistic Counter
Registers

 Checked
Unchecked

Enables or disables statistics counter registers. For mor|
information, refer to theStatistics Counter Configuration

section.

PHY Settings

Forthe PHY Settingsefer to Table3.4 for Nexusdevices and’able3.5 for Avantdevices.

3.8. Statistics Counter Configuration

Table3.8. Statistics Counter Configuration

Statistics Counter Configuration

Attribute Selectable Values Description Dependency on
Other Attributes
Statistics countersegister size Enabledwhen
Counter Width T 32 Statistic Counter
T 64 Registerss selected
TX statisticsChecked to add TX statistics counters. Enabledwhen
TX Statistics T Checked Statistic Counter
T Unchecked Registerss selected
RX Statistics 1 Checked RX statistics Checked to add RX statistics counters. Enabledwhen
1 Unchecked Statistic Counter

Registerss selected
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4. Signal Description

This section describes tHeSHP ports

4.1. Clock Interface

Table4.1. CommonClock Ports

Port Type Description

clk_i Input Host Interface (APB, AHRte or AXI4.ite) Clock
Thesupportedclock frequencys between 20 MHz td25MHz

mdc_i Input Management Data Input.

Used to transfer information from the PHY to the management modie. clock
port is availableonly ifInclude MIIM Modul®ption is enabled.
The clock frequency is 2.5 MHzbelow.

Table4.2. TSE MACIlock Ports

Port Type Description
MII/GMII Qock Interfaces
mii_gmii_gtx_clk_i Input MIlI/GMII Transmit MAC Application Interface Clock.

This clock port is availablehen the operating mode i MII/GMII mode The
requiredclock frequency i$25MHz

For 1Gops operation this clock is used by the client applicatidll interface
and MAC. All inputs to thEXMAC on theMll sideandall outputs driven by
the TXMAC on the client side are synchronous to this cleitk clock enable
signals mii_gmii_tx_clock_en_o

For 10Mbps/100Mbps operation this clock is used by the client application
and MAC. All outputs driven by tieXMAC on the client side are synchrono
to this clock with clock enable sigmalmii_gmii_tx_clk_en_o

Note: This clock is derived from the systelock Refer to theSimplified Clock
Scheme Degi diagramin the Clocking of MIl/GMIgection.

mii_gmii_tx_clk_i Input MII/GMII TransmitMIl Applicationinterface Clock.

This clock port is availablehen the operating mode i MII/GMII mode This
clock is used by thilll interface

For 1Gbps operation, this clock is unused.

For 10Mbps/100Mbps operation the requiredclock frequencys 2.5 MHzor
25MHz All outputs driven by th&XMACon MII sidemustbe synchronous to
this clock.

Note: This clock is derived from tRE€S/PHY TX clock, MIl PRifer to the
Simplified Clock Scheme Dedigagram in theClocking of MIl/GMIgection.
mii_gmii_rx_clk_i Input MII/GMII Receive MA@nd MIlApplication Interface Clock.

For 10Mbps/100Mps1Gbpsoperation, this clock is used by the client
application Ml interfaceand MAC. All inputs to theXMAC on theMlI side
andall outputs driven by th&(RXMAC on the client side are synchronous to
this clockwith clock enable signalsii_gmii_rx_clk_en_o

Note: This clock is derived from tRCS/PHY RX cloélefer to theSimplified
Clock Scheme Desidiagram in theClocking of MIlI/GMIsection.

mii_gmii_tx_clk_en_o Output MII/GMII TX Clock Enable.
This signal is sync toii_gmii_gtx_clk_.iThe clock enable is always high for 1
Gbpsoperation. For 100/bps operation the clock enable is asserted high
once every terclock(125MHz) gcles, and for 1Mbps operation the clock
enable is asserted high once every hundctatk(125MHz) gcles.
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Port

Type

Description

Note: For 100Mbps operation and 181bps operation the typical ratio is 1:1(
and 1:100 respectively. While the MAC and Ml interface are running with
different clocksourcesmii_gmii_gtx_clk_at MAC andnii_gmii_tx_clk_at

Mil interface side. Sometimes, the ratio is adjusted to compensate the clo
PPM differences between these two clocks.

For 10Mbps operation, the ratio ibetweenl:5and1:20.

For 100Mbps operation, the ratio ibetween1:50and1:20Q

mii_gmii_rx_clk_en_o

Output

MII/GMII RX Clock Enable.

This signal is sync toii_gmii_rx_clk_i The clock enable is always high for 1
operation. For 100/bps operation the clock enable is asserted high once
every wo clock(25MHz)cycles, and for 10 Mbps operation the clock enable
is asserted high once evemya clock(2.5 MHz)cycles.

Gigabit MAC Clock Interfaces

gmii_tx_clk_i

Input

Gigabit MAC Transmit Clock
The requirectlock frequency 425 MHz

Note: This clock is derived from the systelock. Refer to th&implified Clock
Scheme Desigtiagram in theClocking of Gigabit MAs&ction.

gmii_rx_clk_i

Input

Gigabit MAC Receive Clock
The requirecclock frequency i$25 MHz

Note: This clock is derived from the systelock. Refer to th&implified Clock
Scheme Desigtiagram in theClocking of Gigabit MAgection.

gmii_tx_clk_en_o

Output

Gigabit MAO' X Clock Enable.
This signal is always high.

gmii_rx_clk_en_o

Output

Gigabit MARX Clock Enable.
This signal is always high.

RMII Clock Interfaces

rmii_ref_clk_i

Input

RMIIReference Clock

This clock interface is only used ®MIl option.

Thisrequiredclock frequency i50 MHzfor both 100/10 Mbps operation&ll
inputs andoutputs driven by the MA@wustbe synchronous to this cloekith
clock enable signalsnii_clk_en_o

Note: This clock is derived from the systelock diagram. Refer to the
Simplified Clock Scheme Desigagram in theClocking of RMHection

rmii_clk_en_o

Output

RMII Clock Enable.

This signal is syncing tii_ref_clk_i For 100Mbps operation the clock
enable is asserted high once evéoyr clock(50 MHz)cycles and for 10
Mbps operation the clock enable is asserted high once efeety clock(50
MHz)cycles.

RGMII Clock Interfaces

rgmii_tx_clk_i

Input

RGMII Transmit Clock.

This clock port is availabléhen the operating mode is in RGMII mode
For 10 Mbps/100 Mpg1 Gbhpsoperation the requiredclock frequencys 2.5
MHz/25 MHz or 125 MHAII outputs driven by th& XMACon MII sidemust
be synchronous to this cloekith clock enable signalsgmii_tx_clk_en_o

Note: This clock is derived frotine system clock. Refer to tif&mplified Clock
Scheme Desigiiagram in theClockingof RGMII section.

rgmii_rx_clk_i

Input

RGMII Receive Clock.
For 10Mbps/100Mps1Gbpsoperation, this clock is used by the client
application Mll interfaceand MAC. All inputs to theXMAC on theMll side
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Port

Type

Description

andall outputs driven by th&RXMAC on the client side are synchronous to
this clockwith clock enable signalsgmii_rx_dk_en_a

Note: This clock is derived from tR&GMII PHY RX clock. Refer to the
Simplified Clock Scheme Desigagram in theClockingof RGMII section.

rgmii_tx_clk_en_o

Output

RGMII TX Clock Enable.

This signal is sync tgmii_tx_clk_iThe clock enable is always high faBdps
operation. For 100/bps operation the clock enable is asserted high once
every tenclock(125MHz) gcles, and for 10Mbps operation the clock enable
is asserted high once every hundreldck(125MHz) gcles.

rgmii_rx_clk_en_o

Output

RGMII RX Clock Enable.
This signal is sync tgmii_rx_clk_i The clock enable same as
rgmii_tx_clk_en_o.

SGMII Easy Connect Clock Interfaces

sgmii_tx_clki

Input

SGMII Easy Connétitansmit Clock.
The requirecclock frequency i$25 MHz

Note: This clock is derived from the systelock diagram. Refer to the
Simplified Clock Scheme Desigagram in theClocking of SHP MACOption
(SGMII Easy Connect) and SGMII PCS (TSMAC Easy Gecii@at)

sgmii_rx_clki

Input

SGMII Easy Connereceive Clock.
The requirecclock frequency 425 MHz

Note: This clock is derived from ther_clk_o, Lattice SGMII PCS IP. Refer {
the Simplified Clock Scheme Dediigagram in theClocking of SHPMAC
Option(SGMII Easy Connect) and SGMII PCS (TSMAC Easy Geati@ut)

sgmii_tx_clk_en_o

Output

SGMII Easy Connect TX Clock Enable.

This signal is sync sgmii_tx_clki. The clock enable is always high foBdps
operation. For 100/bps operation the clock enable is asserted high once
every tenclock(125MHz) gcles, and for 1Mbps operation the clock enable
is asserted high once every hundreldck(125MHz) gcles.

sgmii_rx_clk_en_o

Output

SGMII Easy Connect RX Clock Enable.

This signal is sync sgmii_rx_clki. The clock enable is always high foBdps
operation. For 100/bps operation the clock enable is asserted high once
every tenclock(125MHz) gcles, and for 10Mbps operation the clock enable
is asserted high once every hundreldck(125MHz) gcles.

Note:

1. These interfaces are used with the TSMAC Easy Combterdacesof the Lattice SGMII PCS IP

4.2. Resetlnterface

Table4.3. Reset Ports

Port

Clock Domain

Direction Description

reset_n_i

Asynchronous

Reset. This is an active low signal that resets the internal registe
and internal logicWhen activated, the 1/O signals are driven to th
inactive levels
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4.3. AXI4Stream Transmit Interface

Table4.4. AXI4StreamTransmitinterface Ports

Port Clock Domaih Direction | Description

axis_tx_tvalid_i gmii_tx_clk 3 Input TransmitData ValidationThis signahidicatesthat TXsource is
mii_gmii_gtx_clk 3i driving a valid data transfel he valid signal must remain asserted
rmii_ref_clk_# throughout the entire packetmid-packet drops are not permitted.

axis_tx_tready o | Sgmii_tx_clk 3 Output Transmit ReadyThis signal indicates that the TX destination is rea
rgmii_tx_clk_§ to accept data. It toggles in sync with tiiXclock enable signal

axis_tx_tlast_i Input This signahidicates the boundayr or last transfepf a packet

axis_txtdata_{7:0] Input Transmit DataCarries the actual Xdata being transferred.

axis tx_tkeep_i Input Thissignalindicates valid bytesof the Transmit Data. Always assign

MQomM (G2 (GKA& AyLlzi L2 NI O

Notes:

1. Clock domain varies based on the selected attrib&ar more information, refer to the corresponding clock diagram in the
Clockingsection.

Gigabit MAC mode

MII/GMII mode

RMII mode

SGMII Easy Connect mode

RGMII mode

o U s wN

4.4. AXlI4Stream Receive Interface
Table4.5. AXI4Stream Receivénterface Ports

Port Clock Domaih Direction | Description

axis_rxtvalid_o gmii_rx_clk 3 Output ReceiveData ValidationThis signahidicatesthat RXsource is driving
mii_gmii_rx_clk 3 a valid data transfelt toggles in sync with thRXclock enable signal

axis_rx_tready i rmii_ref_clk_# Input Receive Read¥his signahidicatesthat RXdestination can accept the
sgmii_rx_clk Si data.
rgmii_rx_clk § Note: Whenthe EnableAXISFIFO Functionalityption is disabled, no

buffering is providedand tready mustalways remain asserted/ou
must ensurecontinuous data acceptance as any interruption m
result in packet loss.

axis_rx_tlast_o Output This signahidicates the boundayr or last transfer o& packet
axis_rx_tdata_o[7:0] Output Receive DateCarries the actudRXdata being transferred.
axis_rx_tkeep_o Output This signaindicatesvalid bytesof the Receive Datd he value of this

2dzi Lddzi LI NI Aa lfglea mMmQomo

Notes:

1. Clock domain varies based on the selected attribute. For more information, refer to the corresponding clock diagram in the
Clockingsection.

Gigabit MAC mode

MIlI/GMII mode

RMII mode

SGMII Easy Connect mode

RGMII mode

ou s wN
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4.5. Transmit MAC Control and Status Interface

Table4.6. Transmit MAC Control and Statusterface Ports

Port Clock Domaih Direction | Description
tx_sndpaustim i[15:0] | gmii_tx_clk 4 Input Pause Frame Timer. This signal indicatepthesetime value that
mii_gmii_gtx_clk3i mustbe sent in thepauseframe.
tx_sndpausreq.i rmii_ref_clk_# Input Pause Frame Request. When asserted MiA€Ctransmits apause
sgmii_tx_clk 5 frame. This is also the qualifying signal for the tx_sndpausetim |
rgmii_tx_clk_§ bus.You mustwvait for TX_STAT_PAUSE increment before issui
the next pause regOtherwisejt may result in indeterminate
behavior
tx_fifoctrl_i Input HFOCamtrol Frarre. Thissignalindicateswhetherthe current

frame in the TransmitFIFQOs a control frame or a dataframe.
Thefollowingvalues apply:

T 1= Control frame

T 0= Nomal frame

tx_macread_o Output Transmit FIFO Read

This is theMACTransmit FIFO read request asserted by&C
when it reads the FIFO.

tx_done_o Output Transmit Done. This signal is asserted for one clock cycle after
transmitting a frame if no errors are present in transmission.
tx_discfm_o Output Discardrrane. Thissignal isasseted at the end of a frame

transmit processf the MACdetectsan error. Thepossble
conditions are:

1 AFIFO underun

1 Late collision (10/10énode only)

1  Excessk collisions (10/100node only)

The user application normally moves the pointer to the next fra
in these conditions.

tx_staten_o Output TransmitStatisticsVectorEnabé. Whenasseted, the contentsof
the statisticsvector bus tx_stavec_oisvalid.
tx_statvec_o[31:0] Output TransmitStatistics Vetor. Thisbus includes useful formation

about the fame thatistransmtted.

Notes:

1. Clock domain varies based on the selected attribute. For more information, refer to the corresponding clock diagram in the
Clockingsection.

Gigabit MAC mode

MII/GMII mode

RMII mode

SGMII Easy Connect mode

RGMII mode

o hrwN

4.6. Receive MAC Control and Status Interface

Table4.7. Receive MAC Control and Status Interface Ports

Port Clock Domaih Direction | Description
ignore_pkt_i gmii_rx_clk 3 Input Ignore Next Packet. This signal is asserted by the host to preve
mii_gmii_rx_clk ¥ Receive FIFO Full condition. The Receive MAC continues drop
rmii_ref_clk_# packets as long as this signal is asserted. This is an asynchron
sgmii_rx_clk 5i signal.
rx_eof o rgmii_rx_clk § Output Receive End of Frame flag.
rx_error_o Output Receive Packet EmaVhen asseted, this signal indicates the
packet cortains error(s). Thisignal iqyualffied with the rx_eofo
signal.
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Port Clock Domaih Direction | Description

The rx_error o signalis asseted for any of the following three

conditions:

1 Therx_er* signalonthe GMllisasseted by the PHYduring
framereception

1  There are RFCSrrors on receaied frames

1 There is a lengtbheck error onthe received frame

rx_fifo_error_o Output Receive FIFO Error. This signal is asserted wherXtREH-R is full

and the XFIFO is being written to by theXRIAC. When this

error signal is assertedhe RX MAC will stop writing to RX FIFO

The rx_fifo_error_o signé de-asserted when the end of packet

exits the receive FIFO.

rx_staten_o Output Receive Statistics Vector Enable. When asserted, the contents
the statistics vector bus rx_stat_vector_o is valid.
rx_gat_vector_o[31:0] Output Receive Statistics Vecetd hisbusindicates theevents

encountered duing frame reception.

Notes:

1. Clock domain varies based on the selected attribute. For more information, refer to the corresponding clock diagram in the
Clockingsection.

Gigabit MAC mode

MII/GMII mode

RMII mode

SGMII Easy Connect mode

RGMII mode.

ok wnN

4.7. PHY Interface

The interfaceglescribedn this section isvailable inthe MAC only IP option.

4.7.1. MII/GMII Interface
The MIIGMIl interface is only availablé€the selected MAC Operating OptionN8I/GMII.

Table4.8. MII/GMII Interface Ports

Port Clock Domaih Direction | Description
mii_gmii_txd_¢7:0] mii_gmii_tx_clk 3 Output mii_gmii_txd_o[7:0f Transmitted data to the PHY Chip in 1G
mii_gmii_gtx_clk i speed.

mii_gmii_txd_o[3:0f Transmitted data to the PHY Chip in
10M/100M speed, only use low nibble.

mii_gmii_tx_en_o Output Transmit Data Enable. Asserted by MACto indicate the
mii_gmii_txd_o bus and mii_gmii_tx_er_o contains valid frame
data.

mii_gmii_tx_er_o Output Transmit Data Error. Asserted when thié&Ccore generates a
coding error on the byte currently being transferred

mii_gmii_rxd_[i7:0] mii_gmii_rx_clk %3 | Input mii_gmii_rxd_o[7:0] Receivedata from the PHY Chip in 1G spee

mii_gmii_rxd_o[3:0] Receivedata from the PHY Chip in
10M/100M speed, only use low nibble.

mii_gmii_rx_dv_i Input Receive Data Valid. Indicates the data onrtie gmii_rxd_i bus
and mii_gmii_rx_er_i signafevalid.
mii_gmii_rx_er_i Input Receive Data Error. This signal is asserted by the external PHY

device when it detects an error during frame reception.
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Port Clock Domaith Direction | Description

col_i Asynchronous Input Cdlision. This actie-high signal indicatea collision occurred ding
transmission. Thisignal isalid for haltduplex operation inFast
Ethernet (10/100 only.

crs_i Asynchronous Input Carrier Serss This signalhen logic hif, indicates the nework
has activiy. Otherwise, it indicatesthe nework isidle. This signal is
valid for halfduplex opeation inFastEthenet (10/100)only.

Notes:

1. Clock domain varies based on the selected attribute.

Clockingsection.

2. MII/GMII mode 10M/100M operating rate.
3.  MII/GMII mode 1G operating rate.

4.7.2. Ggabit MACInterface
TheGigabit MAGnterface is only availabliéthe selected MAC Operating OptionGsgabit MAC

Table4.9. Gigabit MAQnterface Ports

Port Clock Domaih | Direction | Description

gmii_txd_d7:0] gmii_tx_clk_i Output Trangmit Data Sento the PHY Interface. TheseGMII TXdata outputsgo
to the SGMII and Gb Ethernet PC®1 B the external Ethernet PHY.

gmii_tx_en_o Output TransmitEnabé. Asseted by the MACto indicate the txd_dous
containsvalid frame.

gmii_tx_er_o Output TransmitErrar. Asseted whenthe MACgengatesa coding error on the
byte currently beingranderred.

gmii_rxd_i[7:0] gmii_rx_clk_i Input Receive Data from the PHierface. These GMIl Rx data inputs(valid
whenrewer rx_dv_iisasseted)come from theSGMII and Gb Ethernet P(
IPor fromthe external Ethernet PHY.

gmii_rx_dv_i Input Receive Data Validindicates the data on the rxad bus isvalid.

gmii_rx_er_i Input ReceiveDataErmor. Thissignalis asseted by the SGMII and Gb Etherne
PCS IP axternal PH\evice when itdetects an error dring frame
reception.

4.7.3. SGMII Easy Connebtterface
TheSGMII Easy Connenterface is only availableftifie selected MAC Operating OptionS3&MIl Easy Connect

Table4.10. SGMII Easy Connektterface Ports

Port Clock Domaih | Direction | Description

sgmii_txd_o[7:0] sgmii_tx_clk_i Output Trangmit Data Sento the PHY Interface. TheseGMII TXdata outputsgo
to the SGMII and Gb Ethernet PC®1B the external Ethernet PHY.

sgmii_tx_en_o Output TransmitEnabé. Asseted by the MACto indicate the txd_dous
containsvalid frame.

sgmii_tx_er_o Output TransmitErrar. Asseted whenthe MACgengatesa coding error on the
byte currently beingrangerred.

sgmii_rxd_i[7:0] sgmii_rx_clk_i Input Receive Data from the PHMerface. These GMIl RX data inputs(valid
whenewer rx_dv_iisasseted)come from theSGMII and Gh Ethernet P(
IPor fromthe external Ethernet PHY.

sgmii rx_dv_i Input Receive Data Validndicates the data on the rxad bus isvalid.

sgmiirx_er_i Input ReceiveDataErmor. Thissignalis asseted by the SGMII and Gb Etherne
PCS IP @mxternal PH¥evice when itdetects an error dring frame
reception.

col_i Asynchronous | Input Cdlision. This actie-high signal indicatea collision occurred ding
transmission. Thisignal isvalid for halfduplex operationon Fast

winnetatticesemi.com/legal

For more information, refer to the corresponding clock diagram in the


http://www.latticesemi.com/legal

= LATTICE

Port

Clock Domaih

Direction

Description

Ethernet (10/100 only.

crs_i

Asynchronous

Input

Carrier Sers This signalwhen logic hif, indicates the nework has
activity. Otherwise, it indicateshe netvork isidle. This signal igalid for
half-duplex opeation on FastEthernet (10/100)only.

txmac_clk_en_i

sgmii_tx_clk_i

Input

TXClock Enable. The SGMIGb EthernePCS IP core drives this sign
The clock enable is always high for 1G operation. For 100 Mbps
operation the clock enable is asserted high once every ten {1125)
clocks, and for 10 Mbps operation the clock enable is asserted high
once every hundred (1281Hz) clocks.

rxmac_clk_en_i

sgmii_rx_clk_i

Input

RX Clock Enable. THRGMIK. Gb EthernePCS IEore drives this signal
The clock enable is always high for 1G operation. For 100 Mbps
operation the clock enable is asserted high once every ten K1125)
clocks, and for 10 Mbps operation the clock enable is asserted high
once every hundred (128/Hz) clocks.

sgmii_tx_clk_en_o

sgmii_tx_clk_i

Output

TXClock Enabl®utput. An output signal ofxmac_clk_en_.i

sgmii_rx_clk_en_o

sgmii_rx_clk_i

Output

RXClock Enabl®utput An output signal ofxmac_clk_en_i

4.7.4. RGMII Interface
The RGMII interface is only available if the selected MAC Operating Option is RGMII.

Table4.11. RGMII Interface Ports

Port Clock Domain| Direction Description

rgmii_txd_o[3:0] rgmii_tx_clk_i| Output rgmii_txd_o[3:0]¢ RGMIkransmit data sent to the PHYbit at both
rising edge and falling edgé the clock.

rgmii_tx_ctl_o rgmii_tx_clk_i | Output rgmii_tx_ctl_og¢ RGMlIltransmit control signal which is having the
enable value in the rising edge of the clock &@Rvalue of the
error and enable signal at tHallingedgeof the clock

rgmii_rxd_i[3:0] rgmii_rx_clk_i| Input rgmii_rxd_[3:0] ¢ RGMIlIreceivedatafrom the PHY it at both
rising edge and falling edgé the clock.

rgmii_rx_ctl_i rgmii_rx_clk_i| Input rgmii_rx_ctl_i¢ RGMlIreceive control signal whidk having the
enable value in the rising edge of the clock and XOR value of the|
error and enable signal at the falling edge of the clock

col_i Asynchronous| Input Cdlision. This actie-high signal indicatea collision occurred ding
transmission. Thisignal isvalid for halfduplex operation inFast
Ethernet (10/100 only.

crs_i Asynchronous| Input Carrier Sers This signalwhen logic hif, indicates the nework has

activity. Otherwise, it indicateshe nework isidle. This signal igalid
for halfduplex opeation inFastEthenet (10/100)only.

4.7.5. RMII Interface

The RMII interface is only availablé¢hié selected MAC Operating Option is RMII.
Table4.12. RMII Interface Ports

Port Clock Domain| Direction Description

rmii_txd_o[1:0] rmii_ref_clk_i | Output rmii_txd_o[1:0]¢ synchronous to rmii_ref_clk_i
100Mbps¢ sampledon every clockycle
10Mbps¢ sampledon everyl0th clockcycle

rmii_tx_en_o rmii_ref_clk_i | Output Transmit Enable. Asserted by tMACto indicate thermii_txd_obus
contains valid frame.

rmii_rxd i[1:0] rmii_ref_clk_i | Input rmii_rxd_o[1:0]¢ synchronous to rmii_ref _clk_i
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Port Clock Domain| Direction Description
100Mbps¢ sampledon every clockycle
10Mbps¢ sampledon everyl0th clockcycle
rmii_rx_er_i rmii_ref_clk_i | Input TransmitErra. Asseted whenthe MACgenegatesa coding error on
the byte currently beingranderred.
rmii_rx_crs_dv_i Asynchronos | Input -rmii_rx_crs _dv_iindicates carrier sense at first-tlit of a nibble
/ onto rmii_rxd_i[1:0]. Asserted asynchronously on detection of
rmii_ref_clk_i carrier. Deassertion of rmirx_crs_dv_i synchronous to the cycle of

rmii_ref_clk_iwhich presents the first dbit of a nibble onto
rmii_rxd_i[1:0].

-rmii_rx_crs dv_iindicates data valid at second-hiit of a nibble
onto rmii_rxd _i[1:0].

4.8. Host Interface

4.8.1. APB Host Interface
The APB host interface is only availabthéfselected Host Interface is APB.

Table4.13. APB Host Interface Ports

Port Clock Direction Description

Domain
apb_paddr_[i10:0] clk_i Input APB Address signal. Size: Interface Address Width
apb_psel_i clk_i Input APB Select signal.
apb_penable_i clk_i Input APB Enable signal.
apb_pwrite_i clk_i Input APB Direction signal.
apb_pwdata _[31:0] clk_i Input APB Write Data signal. Size: Interface Data Width
apb_pready_o clk_i Output APB Ready signal.
apb_prdata_¢31:0] clk_i Output APB Read Data signal. Size: Interface Data Width
apb_pslverr_o clk_i Output APBCompleterError signal.

4.8.2. AHBLite HostInterface
TheAHBLite hostinterface is only availabliéthe selected Host Interface B5HB..

Table4.14. AHBLite Hostinterface Ports

Port Clock Direction Description

Domain
ahbl_hsel_i clk_i Input AHBLite Select signal.
ahbl_hready_i clk_i Input AHBLite Ready Input signal.
ahbl_haddr_[i10:0] clk_i Input AHBLite Address signal.
ahbl_hburst_[i2:0] clk_i Input AHBLite Burst Type signdlhisfeatureis not supportedTie to low.
ahbl_hsize [P:0] clk_i Input AHBLite Transfer Size sign@hisfeatureis not supportedTie to low.
ahbl_hmastlock_i clk_i Input AHBLite Lock signarlhis signal is not supportedie to low.
ahbl_hprot_|3:0] clk_i Input AHBLite Protection Control signdlhis signal is not supportedie to

low.

ahbl_htrans_[i1:0] clk_i Input AHBLite Transfer Type signal.
ahbl_hwrite_i clk_i Input AHBLite Direction signal. Write = High, Read = Low.
ahbl_hwdata _[31:0] clk_i Input AHBLite Write Data signal.

winnetatticesemi.com/legal



http://www.latticesemi.com/legal

= LATTICE

Port Clock Direction Description
Domain
ahbl_hreadyout_o clk_i Output AHBLite Ready Output signal.
ahbl_hrdata_¢31:0] clk_i Output AHBLite Read Data signal.
ahbl_hresp_o clk_i Output AHBLite Transfer Response sign@his is not supported. It alway
return O.

4.8.3. AXI4Lite Host Interface
The AXl4Lite host interface is only availakifehe selected Host Interface BXI4..

Table4.15. AXI4Lite Host Interface Ports

Port Clock Direction Description
Domain

axi_awaddr_i[10:0] clk_i Input Write address bus.

axi_awvalid_i clk_i Input Write address valid.

axi_awready_o clk_i Output Write address acknowledge.

axi_awprot_i[1:0] clk_i Input Access permission for write acce$his is nosupported. Tie to low.

axi_wdata_i[31:0] clk_i Input Write data bus.

axi_wvalid_i clk_i Input Write data valid.

axi_wready_o clk_i Output Write data acknowledge.

axi_wstrb i[3:0] clk_i Input Write strobe. This feature is not supportéeFie to low

axi_bresp_o[1:0] clk_i Output Write transaction responselhis is not supportedt alwaysreturns
HQO NN o

axi_bvalid_o clk_i Output Write response valid.

axi_bready _i clk_i Input Write response acknowledge.

axi_araddr_i[10:0] clk_i Input Read address bus.

axi_arvalid_i clk_i Input Read address valid.

axi_arready_o clk_i Output Read address acknowledge.

axi_arprot_i[2:0] clk_i Input Defines the access permission for read accedgw@s.is nt supported.
Tie to low.

axi_rdata_o[31:0] clk_i Output Read data output.

axi_rresp_o[1:0] clk_i Output Read data respons@his is not supported. i |+ f g &8 & NI

axi_rvalid_o clk_i Output Read data/response valid.

axi_rready_i clk_i Input Read data acknowledge.

4.9. Management Interface
The management interface is only available in MAC only and when MIIM is selected.

Table4.16. Management Interface Ports

Port Clock Direction Description
Domain
mdi_i mdc_i Input Management Data Input. Used to transfer information from the P
to the management module.
mdo_o mdc i Output Management Data Output. Used to transmit information from the
management module to the PHY.
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Port Clock Direction Description
Domain
mdio_en_o mdc_i Output Management Data Out Enable. Asserted whenever nodg valid.

Thiscan beused to implement a kilirectional signal for mdi and
mdo_o.

4.10. Interrupt Interface

Table4.17. Interrupt Interface Ports

Port Clock Direction Description
Domain
int_o clk_i Output Interrupt. Stays high as long as any enabled interrupt is pending.

4.11. Miscellaneoudnterface

Table4.18. Miscellaneoudnterface Ports

Port Clock Domaih

Direction

Description

cpu_if_gbit_en_o gmii_rx_clk 3
mii_gmii_rx_clk 3
rmii_ref clk #
sgmii_rx_clk5i
rgmii_rx_clk §

Output

CPU Interface 1G Mode Enabled Indication. This signal, when hig
an indication from the CPU interface that the 1G mode is enableg
This signal reflects the state of bit 0 of the MAC mode register in
MII/GMII and RGMII options. It is always high for SGMII Easy
Connect and Gigabit options.

Notes:

1. Clock domain varies based on the selected attribute. For more information, refer to the corresponding clock diagram in the

Clockingsection.
Gigabit MAC mode
MII/GMII mode
RMII mode

ourwN

RGMII mode.

SGMII Easy Connect mode

4.12. SGMII(LVDSPnly Interfaces

Note: The SGMII interface using LVDSi'@ertusNX, CertusPrdX, MachXOBIX and CrossLinrkIXFPGA#$as
limitations when operating across the full specified temperature range. Lattice recommends using alternative
interfaces, such as SERDES or RGMII, for designs requiring Gigabit Ethernet. RefandwihdgeBase articlefor
details. Contact your local Lattice sales representative for more information.

Table4.19. SGMII (LVDS) OnBlock and Reset Interface Ports

Port Clock Domain| Direction | Description

tx_clk_mii_i T Input Transmit MIl Clock 125 MHz, 25 MHz, or 2.5 MHz clock for
incoming (G)MII transmit data. Data is sampled on the rising ed
of this clock. FOTSMAC Easy Connegption, this clock is always
125MHz.

tx_clock_enable_sourcelo| usr_clk_o Output Transmit Clock Enable Sougc&his signal is only present when th

IP core is generated using ti&MAC Easy Conné&)MII option.
This signal is used in combination with the transmit 125 MHz clg
to regulate the flow of transmit (G)MII data. The signal is genera
by the transmit rate adaptation block. This clock enablestbe

tied to the transmit section of the MAC that sends transmit
Ethernet frames to the SGMII and Gb Ethernet PCS IP core. Th
clock enablenustalso be tied to thelransmitdock EnableSnk of
the SGMII and Gb Ethernet PCS IP core.
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Port

Clock Domain

Direction

Description

tx_clock_enable_sinkl i

tx_clk_mii_i

Input

Transmit Clock Enable SigKhis signal is only present when the |
core is generated using ttESMAC Easy ConnéG)MII option. This|
signal is used in combination with the transmit 125 MHz clock tg
regulate the flow of transmit (G)MII data. When the clock enable
high and the transmit clock edge rises, (G)MII data is sanipled.

rx_clk_mii_i

Input

Receive MIl Cloak125 MHz, 25 MHz, or 2.5 MHz clock for
outgoing (G)MII receive data. Data is launched on the rising edg
this clock.For TSMAC Easy Conrmation, this clock is always 125
MHz.

rx_clock_enable_source2qg

usr_clk_o

Output

Receive Clock Enable Soutckhis signal is similar to the
tx_clock_enable_source_o described above, except that it is usg
for the receive datapathThis clock enablmustalso be tied to
then ReceiveClock Enable Sink of the SGMII and Gb Ethernet P
core

Note that this signal is only present when the IP core is generaté
using theTSMAC Easy Conné@)MII option.

rx_clock_enable_sink i

rx_clk_mii_i

Input

Receive Clock Enable Sgikhis signal is only present when the IR
core is generated using ttESMAC Easy ConnéB)MII option. This|
signal is used in combination with the receive 125 MHz clock to
regulate the flow of receive (G)MII data. When the clock enable
high and the receive clock edge rises, (G)MIl data is launched.

rst_n_i

Asynchronous

Input

Resetc Active low global reset.

cdr_refclk_i

T

Input

CDR Reference Clogi25 MHz useprovided CDR reference cloc
input. Note that this signal is only available for ramantdevices

andif Enable Port: CDR Reference cis@nabled. This input clock
should be coming from Generic PLL of the device.

clk_125m_pll_i

Input

125 MHz PLL ClocKL25 MHz clock input. Note that this signal is
only available itJse External Plis enabled irthe GUI.TheUse
External PLaption is not available for Avant devices.

clk_625m_pll_i

Input

625 MHz PLL Clogl625 MHz clock input. Note that this signal is
only available itJse External Plid enabled inthe GUI TheUse
External PLbption is not available for Avant devices.

clk_625m_90_pll_i

Input

90-degree Phase Shift 625 MHz PLL Gid@26 MHz clock input
with 90-degree phase shift. Note that this signal is only available
Use External Plis enabled inthe GUI.TheUse External Pldption

is not available for Avant devices.

pll_refclk_i

Input

PLL Reference Clo¢250MHz clock inpufor Avant devices and
125 MHz clock input for neAvant devicesData is sampled on the
rising edge of this clock. Note that this signal is only availablesf
External PLIs disabled irthe GUI.

clk_125m_pll_o

Output

125 MHz PLL primary output clogkote that this signal is only
available if Enable Port: CDR Reference clock is enabled in GU
Use External Pli4 disabled inhe GUL.TheUse External Pldption
isnot available forAvantdevices.

usr_clk_o

Output

User Cloc&l125 MHz clock from ECLKDIV output. Note that this
signal is only present when the IP core is generated using the
TSMAC Easy Conn€a)MII option.

usr_clk_ready_o

Output

User Clock ReadyThis signal indicasthat the User Clock is
ready.

clk_gddr_o

Output

DDR Clock assumes an LVDS buffer.

Immi_clk_i

Input

LMMI clock Thetypical recommended frequency is 1Rz,
depending orthe fabric clock

eclk_oddr_o

Output

Edge Cloak 625 MHz clock from DDR output. It is a CDR clock.
clock signal is for CDR debug purpose.
Note: This signal is only available for Avant devices
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Port Clock Domain | Direction | Description
sclk_oddr_o T Output Primary System Clotkl25 MHz clock from DDR output. It is a
divided CDR clock. This clock signal is for CDR debug purpose.
Note: This signal is only available for Avant devices
Notes.

1. Connectix_clock _enable_sink_i to tx_clock_enable_source_o. Relationships betwesdel¥gnals are shown figure2.13.
2. Connect rx_clock_enable_sink_ito rx_clock_enable_source_o. Relationships betwsiele Bignals are shown figure2.14.

Table4.20. SGMII (LVDS) OntyMllInterface Ports

Port

Clock
Domain

Direction

Description

tx_d_{7:0]

rx_clk_mii_i

Input

Transmit Data Incoming (G)MII data. Note that the behavior of th
port varies depending on the (G)MII option used when generating
the IP core. For Classic mode, when the (G)MII data rate is 1 Gb
8 bits of tx_d_i are valid. However, for 10 Mbpsidf0 Mbps, only
bits 3:0 of tx_d_i are valid. For tieSMAC Easy Connemde all 8
bits of tx_d_i are valid for all (G)MII data rates (1 Gbps, 10 Mbfs,
Mbps).

tx_en_i

rx_clk_mii_i

Input

Transmit Enable Active high signal; asserts when incoming data i
valid.

tx_er_i

rx_clk_mii_i

Input

Transmit Error, Active high signal used to denote transmission
errors and carrier extension on incoming (G)MII data port.

rx_d_d7:0]

rx_clk_mii_i

Output

Receive Datg Outgoing (G)MII data. Note that the behavior of thig
port varies depending on the (G)MII option used when generating
the IP core. For Classic mode, when the (G)MII data rate is 1 Gb
8 bits of rx_d_o are valid. However, for 10 Mbps 460 Mbps, only
bits 3:0 of rx_d_o is valid. For tFt&MAC Easy Connewide, all 8
bits of rx_d_o is valid for all (G)MII data rates (1 Gbps, 10 Mbgs,
Mbps).

rx_dv_o

rx_clk_mii_i

Output

Receive Data ValiglActive high signal, asserts when outgoing datg
valid.

rx_er_o

rx_clk_mii_i

Output

Receive Errar Active high signal used to denote transmission errg
and carrier extension on outgoing (G)MII data port.

col_o

rx_clk_mii_i

Output

Collision Deteat Active high signal, asserts when tx_en_i and
rx_dv_o is active at the same time.

crs_o

rx_clk_mii_i

Output

Carrier Sense DetectActive high signal, asserts when rx_dv_o is
high.

Table4.21. SGMII (LVDS) OnManagementinterface Ports

Port Clock Domain| Direction | Description

mr_adv_ability [15:0 Asynchronous| Input Advertised Ability Configuration status transmitted by PCS durir
auto-negotiation process. This signal must not change during
auto-negotiation.

mr_an_enable % Asynchronous| Input Auto-Negotiation Enable Active high signal that enables auto
negotiation state machine to function. This signal must not chan
during autenegotiation.

mr_main_reset 4 Asynchronous| Input Main Reset Active high signal that forces all PCS state machine
reset.

mr_restart_an_j Asynchronous| Input Auto-Negotiation Restart Active high signal that forces auto
negotiation process to restart.

mr_an_complete_o Asynchronous| Output Auto-Negotiation Complete Active high signal that indicates that
the auto-negotiation process is completed.

mr_Ip_adv_ability fi15:0] | Asynchronous| Output Link Partner Advertised AbilityConfiguration status received fron

partner PCS entity during the auteegotiation process. The bit
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Port

Clock Domain

Direction

Description

definitions are the same as described above for the
mr_adv_ability_i port.

mr_page_rx_o

Asynchronous

Output

Auto-Negotiation Page Receivedictive high signal that asserts
while the autenegotiation state machine is in the
Complete_Acknowledgsate.

force_isolate j

Asynchronous

Input

Force PCS IsolatéActive high signal that isolates the PCS. Whe
asserted, the RX direction forces the (G)MII port to all zeros,
regardless of the condition of the incoming 1.25 Gbps serial dat
stream. In the TX direction, the condition of the incoming (G)MII
port is ignoed. The TX PCS behaves as though the (G)MII TX in
port was forced to all zeros. Note, however, that the isolate
function does not produce any electrical isolatipeuch as
tri-stating of the (G)MII RX outputs of the IP core. Whersigeal
is deasserted (low), the PCS isolation functions are deactivated
The use of this signal is optionaly¢fu choose not to use the
isolate function, then this signatustbe tied low.

force_loopback 1i

Asynchronous

Input

Force PCS LoopbacRctive high signal that activates the loopbac
function, before the PCSVhen asserted, the 1bit codegroup
output of the transmit state machine is looped back to thehin
codegroup input of the receive state machine. Whenagserted,
the loopback function is deactivated.

The use of this signal is optionaly¢fu choose not to use the
loopback function, then this signaiustbe tied low.

force_unidir_t

Asynchronous

Input

Force PCS Unidirectional Mad@ctive high signal that activates
the PCS unidirectional mode. When asserted, the transmit state
machine path between the TX (G)MII input and the TXil6ode
group output remain operational, regardless of what happens or
the RX datapath. (Normally R>$doof sync, invalid coegroup
reception, autenegotiation restarts can force the transmit state
machine to temporarily ignore inputs from the TX (G)MII port).
When deasserted, the unidirectional mode is deactivated.
The use of this signal is optionalydéfu choose not to use the
unidirectional function, then this signaetustbe tied low.

an_link ok o

Asynchronous

Output

Auto-Negotiation Link Status @KActive high signal that indicates
that the link is ok. The signal is driven by the anégotiation state
machine. When autmegotiation is enabled, the signal asserts
when the state machine is in the LINK_OK state. If-aegptiation
is disabled, the sital asserts when the state machine is in the
AN_DISABLE_LINK_OK state (see IEEE 802.3 figre 37

This signal is intended to be used to produce the Link Status sig
as required by IEEE 802.3, Status Register 1, Bit D2 (see IEEE
paragraph 22.2.4.2.13).

Note:

1. To control the AN process through these poytsy must set theConfiguration Source Control Registeonfig_sourcgto 0.For
more information, refer to thdOx00E] Configuration Source Control Register for ANggotiationsection.

Table4.22. SGMII (LVDS) On8erial Interface Ports

Port Clock Domain | Direction Description
ser_tx_o Asynchronous | Output Serial Transmit DataDDR data. Assumes an LVDS buffer.
ser_rx_i Asynchronous | Input Serial Receive DataDDR data. Assumes an LVDS buffer.
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Port Clock Direction Description
Domain
Immi_resetn_i Immi_clk_i | Input LMMI active low reset
Immi_request_i Immi_clk_i | Input Starts transaction.
Immi_wr_rdn_i Immi_clk_i | Input 2NAGS T mQamsE wSER ' mMQon
Immi_offset_i Immi_clk_i | Input Register offset, starting at offset 0
Immi_wdata_i Immi_clk_i | Input Output data bus
Immi_rdata_o Immi_clk_i | Output Input data bus
Immi_rdata_valid_o Immi_clk_i | Output Read transaction is complete and Immi_rdata_o contains valid dg
Immi_ready_o Immi_clk_i | Output P is ready to receive a new transaction. This is always asserted
uz mMQomo P

Table4.24. SGMII (LVDS) OnMiscellareous Interface Ports

Port

Clock Domain

Direction

Description

sgmii_mode_i

Asynchronous

Input

SGMII Mode Controls the behavior of the autoegotiation
process when the core is operating in SGMII mode.
0 = operates as MAS€Ide entity, 1 = operates as Pidide entity.

gbe_mode_i

Asynchronous

Input

Gigabit Ethernet Mode Controls the PCS function of the core.
0 = operates as SGMII PCS, 1 = operates as Gigabit Ethernet P
(1000BASEX).

operational_rate_[i1:0]

Asynchronous

Input

Operational Rate When the core operates in SGMIlI PCS mode,
this port controls the regulation rate of the rate adaptation circui
blocks as follows:

10 =1 Gbps Rate

01 = 100 Mbps Rate

00 = 10 Mbps Rate

Note: In Gigabit Ethernet PCS mode, the rate adaptation blocks
always operate at the 1 Gbps rate, regardless of the settings on
operational_rate_i control pins.

debug_link_timer_short_i

Asynchronous

Input

Debug Link Timer ModeActive high signal that forces the auto
negotiation link timer to run much faster than normal. This mode
provided for debug purposeof exampleallowing simulations to
run through the autenegotiation process much faster than
normal). This signal must not change during aggotiation.

pll_lock_i

Input

PLL Loak External PLL lock signBlibte that this signal is only

available ilUse External Plis enabled in GUI.

4.13. SGMII SERDB®nly Interfaces

Avant and Nexus devices implement different SERDES primitives, resulting in distinct interface characteristics between

the two platforms.

4.13.1SGMII (SERDES) Only Interfaces, Nexus SERDES Primitive, MPCS
For more informatioron MPCSnterfaces and registerefer to theNX MPCS Module User Guide (FP®B4G02118)

Table4.25. SGMII SERDB®nlySerial Interface Porten Nexus Devices

Port Clock Domain | Direction Description
sdOtxp_o Asynchronous | Output Serial Transmit Dat@ositive).
sdOtxn_o Asynchronous | Output Serial Transmit Dat@egative).
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Port Clock Domain | Direction Description
sdOrxp_i Asynchronous | Input Serial Receive Dafpositive).
sdOrxn_i Asynchronous | Input Serial Receive Dafaegative).

Table4.26. SGMI(SERDBE®nly Clock and Reset Interface Pods Nexus Devices

Port

Clock Domain

Direction

Description

clksel_i[1:0]

Asynchronous

Input

PMArelated clock multiplexer in MPCS Primitiltds used to
selectfrom /O pad, PLland fabric for PCS quadO0 [1:0]

diffioclksel_i

Asynchronous

Input

PMArelated clock multiplexer in MPCS Primiti€election
between IO padO and/D padl

use_refmux_i

Asynchronous

Input

PMA related clock multiplexer in MPCS Primitivés used to
enablePCSREFMUXhich is &Refdk Mux TreeThisis used for
dynamic switchingf reference clock.

sdq_refclkp_q0_i

Input

MPCSPLLReference Clocfpositive) for Quad @ 125 MHzclock
input.

sdq_refclkn_q0_i

Input

MPCSPLLReference Clocknegative) for Quad @ 125 MHzclock
input.

sdq_refclkp_4._i

Input

MPCSPLLReference Clocfpositive) for Quad & 125 MHzclock
input.

sdq_refclkn_g@._i

Input

MPCSPLLReference Clocknegative) for Quad & 125 MHzclock
input.

pll_O_refclk_i

Input

MPCSPLLReference Clodkom LeftGPLLg 125 MHz clock input.

pll_1_refclk_i

Input

MPCSLLReference Clodkom RightGPLLg 125 MHz clock input.

sd_ext_0_refclk_i

Input

MPCS PLL Reference Clivokn external 1/0 pad® 125 MHz clock
input.

sd_ext_1_refclk_i

Input

MPCS PLL Reference Clivokn external 1/0 padt 125 MHz clock
input.

sd_pll_refclk_i

Input

MPCS PLL Reference Clivokn fabric- 125 MHz clock input.

usr_clk_o

Output

Userclock 125 MHz clock frorthe MPCS IButput.

usr_clk_ready_o

Output

User Clock Readyhis signal indicatebat the User Clock is ready

epcs_clkin_i

Al |A

Input

An additional clock required by the MPCS IP. It can be clocked
PLL output at 125 MHz.

tx_clk_mii_i

Input

Transmit MIl Clock 125 MHz, 25 MHz, or 2.5 MHz clock for
incoming (G)MII transmit data. Data is sampled on the rising ec
of this clock. FOTSMAC Easy Connegtion, this clock is always
125 MHz.

tx_clock_enable_sourcelq

usr_clk_o

Output

Transmit Clock Enable Souc&his signal is only present when
the IP core is generated using ti&MAC Easy Conné€@)Mll
option. This signal is used in combination with the transmit 125
MHz clock to regulate the flow of transmit (G)MII data. The sig
is generated by the transmit rate adaptation block. This clock
enablemustbe tied to the transmit section of the MAC that senc
transmit Ethernet frames to the SGMII and Gb Ethernet PCS IR
core. This clock enabtaustalso be tied to théelransmitQock
EnableSnk of the SGMII and Gb Ethernet PCS IP core.

tx_clock_enable_sink! i

tx_clk_mii_i

Input

Transmit Clock Enable SigRhis signal is only present when the
IP core is generated using ti&MAC Easy Conné&)MII option.
This signal is used in combination with the transmit 125 MHz cl
to regulate the flow of transmit (G)MII data. When the clock
enable is high and the transmit clock edge rises, (G)MIl data is
sampled!

rx_clk_mii_i

Input

Receive MIl Cloak125 MHz, 25 MHz, or 2.5 MHz clock for
outgoing (G)MII receive data. Data is launched on the rising ed
of this clockFor TSMAC Easy Connagtion, this clock is always
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Port

Clock Domain| Direction

Description

125 MHz.

rx_clock_enable_source20

usr_clk_o Output

Receive Clock Enable SouccEhis signal is similar to the
tx_clock_enable_source_o described above, except that it is ug
for the receive datapathThis clock enablmustalso be tied tahe
ReceiveClock Enable Sink of the SGMII and Gb Ethernet PCS
core

Note that this signal is only present when the IP core is genera
using theTSMAC Easy Conné@&)MiII option.

rx_clock_enable_sink2 i

rx_clk_mii_i Input

Receive Clock Enable Sgikhis signal is only present when the |
core is generated using thHESMAC Easy ConnéG)MlI option.

This signal is used in combination with the receive 125 MHz cla
to regulate the flow of receive (G)MII data. When the clock ena
is high and the receive clock edge rises, (G)MII data is launche

rst_n_i Asynchronous| Input Resetc Active low global reset.
Immi_clk_i T Input LMMI clock Thetypical recommended frequency is 1Rz,
depending orthe fabric clock
Immi_resetn_i Asynchronous| Input LMMI active low reset.
Notes:

1. Connectx_clock_enable_sink_i to tx_clock_enable_source_o. Relationships betwesdel¥gnals are shown igure2.13.
2. Connect rx_clock_enable_sink_ito rx_clock_enable_source_o. Relationships betwsiele Bignals are shown kigure2.14.

Table4.27. SGMI(SERDBE®nly GMII Interface Porten Nexus Devices

Port

Clock Direction
Domain

Description

tx_d_[7:0]

rx_clk_mii_i | Input

Transmit Data Incoming (G)MII data. Note that the behavior of th
port varies depending on the (G)MII option used when generating
the IP core. For Classic mode, when the (G)MII data rate is 1 Gb
8 bits of tx_d_i are valid. However, for 10 Mbpsidf0 Mbps, only
bits 3:0 of tx_d_i are valid. For tfeSMAC Easy Connewbde all 8
bits of tx_d_i are valid for all (G)MII data rates (1 Gbps, 10 Mbys,
100 Mbps).

tx_en_i

rx_clk_mii_i | Input

Transmit Enable This a&tive high signadsserts when incoming data
is valid.

tx_er_i

rx_clk_mii_i | Input

Transmit Errox Active high signal used to denote transmission
errors and carrier extension on incoming (G)MII data port.

rx_d_d7:0]

rx_clk_mii_i | Output

Receive Datg Outgoing (G)MII data. Note that the behavior of thig
port varies depending on the (G)MII option used when generating
the IP core. For Classic mode, when the (G)MII data rate is 1 Gb
8 bits of rx_d_o are valid. However, for 10 Mbps 406 Mbps, only
bits 3:0 of rx_d_a@revalid. For theTSMAC Easy Connembde, all 8
bits of rx_d_carevalid for all (G)MII data rates (1 Gbps, 10 Mbps,
and 100 Mbps).

rx_dv_o

rx_clk_mii_i | Output

Receive Data ValigiThis &tive high signahsserts when outgoing
data is valid.

rx_er_o

rx_clk_mii_i | Output

Receive Errar This a&tive high signal denotdransmission errors
and carrier extension on outgoing (G)MII data port.

col_o

rx_clk_mii_i | Output

Collision Deteat This &tive high signadsserts when tx_en_i and
rx_dv_oareactive at the same time.

Ccrs_o

rx_clk_mii_i | Output

Carrier Sense DetegtThis a&tive high signabsserts when rx_dv_o
is high.
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Table4.28. SGMII SERDE®OnlyManagement Interface Porten Nexus Devices

Port Clock Domain| Direction | Description

mr_adv_ability [15:0F Asynchronous| Input Advertised Ability Configuration status transmitted by PCS durir
auto-negotiation process. This sighal must not change during
auto-negotiation.

mr_an_enable % Asynchronous| Input Auto-Negotiation Enable Active high signal that enables auto

negotiation state machine to function. This signal must not chan
during autenegotiation.

mr_main_reset J Asynchronous| Input Main Reset Active high signal that forces all PCS state maching
reset.

mr_restart_an_j Asynchronous| Input Auto-Negotiation Restart Active high signal that forces auto
negotiation process to restart.

mr_an_complete_o Asynchronous| Output Auto-Negotiation Complete This ative high signal indicates that
the auto-negotiation process is completed.

mr_lp_adv_ability_f15:0] | Asynchronous| Output Link Partner Advertised AbilityConfiguration status received fron

partner PCS entity during the aut®gotiation process. The bit
definitions are the same as described above for the
mr_adv_ability_i port.

mr_page_rx_o Asynchronous| Output Auto-Negotiation Page Receivedictive high signal that asserts
while the autenegotiation state machine is in the
Complete_Acknowledgsate.

force_isolate 4 Asynchronous| Input Force PCS IsolatéActive high signal that isolates the PCS. Whe
asserted, the RX direction forces the (G)MII port to all zeros,
regardless of the condition of the incoming 1.25 Gbps serial dat
stream. In the TX direction, the condition of the incoming (G)MII
port is ignoed. The TX PCS behaves as though the (G)MII TX in
port was forced to all zeros. Notkat the isolate function does not
produce any electrical isolatiansuch as tristating of the (G)MII
RX outputs of the IP core. When the signal is deasserted @osv),
PCS isolation functions are deactivated. The use of this signal is
optional. Ifyouchoose not to use the isolate function, then this
sighalmustbe tied low.

force_loopback1i Asynchronous| Input Force PCS Loopbackctive high signal that activates the loopbag
function, before the PCSWhen asserted, the 1bit codegroup
output of the transmit state machine is looped back to thehiD
codegroup input of the receive state machine. When deassertec
the loopback function is deactivated.

The use of this signal is optionalydfu choose not to use the
loopback function, then this signalustbe tied low.

force_unidir_# Asynchronous| Input Force PCS Unidirectional Maddctive high signal that activates
the PCS unidirectional mode. When asserted, the transmit state
machine path between the TX (G)MIl input and the T-¥il6ode-
group output remain operational, regardless of what happens o
the RX datapath. Normally RXdasf sync, invalid codgroup
reception, autenegotiation restarts can force the transmit state
machine to temporarily ignore inputs from the TX (G)MII port.
When deasserted, the unidirectional mode is deactivated.

The use of this signal is optionaly¢fu choose not to use the
unidirectional function then this signatustbe tied low.

Note:
1. To control the AN process through these poytsu must set theConfiguration Source Control Registeonfig_sourcgto 0. For
more information, refer to thgOx00E] Configuration Source Control Register for ANggotiationsection.
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Table4.29. SGMII SERDE®nlyLMMI Interface Porton Nexus Devices

Port Clock Direction Description
Domain
Immi_request_i Immi_clk_i | Input Starts transaction.
Immi_wr_rdn_i Immi_clk_i | Input 2NAGS T mQamzE wSER ' mMQon
Immi_offset_i Immi_clk_i | Input Register offset, starting at offset 0
Immi_wdata_i Immi_clk_i | Input Output data bus
Immi_rdata_o Immi_clk_i | Output Input data bus
Immi_rdata_valid_o Immi_clk_i | Output Read transaction is complete and Immi_rdata_o contains valid dg
Immi_ready_o Immi_clk_i | Output IF is ready to receive a new transaction. This is always asserted
uz mMQomoO P

Thesignalsbeloware directy connecedto the MPCSoundation IP, whichmustonly be used for debug purposes
Note that this LMMI interface shares the same clock and reset as the LMMI intarfdle table above.

Table4.30. SGMII SERDB®nlySERDEIMMI Interface Portoon Nexus Devices

Port Clock Direction Description
Domain
mpcs_Immi_request_i Immi_clk_i | Input Starts transaction.
mpcs_Immi_wr_rdn_i Immi_clk_i | Input 2NAGS T mQomZ wSER T mMQono®
mpcs_Immi_offset_i Immi_clk_i | Input Register offset, starting at offset 0.
mpcs_Immi_wdata_i Immi_clk_i | Input Input write data bus.
mpcs_Immi_rdata_o Immi_clk_i | Output Output read data bus.
mpcs_Immi_rdata_valid_g Immi_clk_i | Output Read transaction is complete and Immi_rdata_o contains valid dg
mpcs_Immi_ready_o Immi_clk_i | Output IP is ready to receive a new transaction.

Table4.31. SGMII SERDB®nlyMiscellaneous Interface Portsn Nexus Devices

Port

Clock Domain

Direction

Description

sgmii_mode_i

Asynchronous

Input

SGMII Mode Controls the behavior of the autoegotiation
process when the core is operating in SGMII mode.
0 = operates as MAS§ide entity, 1 = operates as Pidide entity.

gbe_mode_i

Asynchronous

Input

Gigabit Ethernet Mode Controls the PCS function of the core.
0 = operates as SGMII PCS, 1 = operates as Gigabit Ethernet P
(1000BA\SEX)

operational_rate_[i1:0]

Asynchronous

Input

Operational Rate When the core operates in SGMIlI PCS mode,
this port controls the regulation rate of the rate adaptation circui
blocks as follows:

10 = 1 Gbpsate.

01 = 100 Mbps rate

00 = 10 Mbps rate

Note: In Gigabit Ethernet PCS mode, the rate adaptation blocks
always operate at the 1 Gbps rate, regardless of the settings on
operational_rate_i control pins.

debug_link_timer_short_i

Asynchronous

Input

Debug Link Timer ModeActive high signal that forces the auto
negotiation link timer to run much faster than normal. This modeg
provided for debug purpose&or exampleallowing simulations to
run through the autenegotiation process much faster than normg
This signal must not change duritig auto-negotiationprocess.

an_link_ok_o

Asynchronous

Output

Auto-Negotiation Link Status @KThis &tive high signal indicates
that the link is ok. The signal is driven by the anégotiation state
machine. When autmegotiation is enabled, the signal asserts

when the state machine is in the LINK_OK state. If-aegotiation

is disabled, the signal serts when the state machine is in the
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Port

Clock Domain

Direction

Description

AN_DISABLE_LINK_OK state (see IEEE 802.3 figre 37
This signal produsthe Link Status signal as required by IEEE
802.3, Status Register 1, Bit D2 (see IEEE 802.3 paragraph
22.2.4.2.13).

4.13.2SGMII (SERDES) Only Interfadesnt SERDES Primitive, RPY
For more informatioron MPPHY interfaces and register, refer to ttetice AvariG/X MPPHY Module User Guide

(FPGAPUG02233).

Table4.32. SGMII (SERDES) Only Serial Interface Porsvant Devices
Port Clock Domain | Direction Description
pad_txp_o Asynchronous | Output Serial Transmit Dat@ositive).
pad_txn_o Asynchronous | Output Serial Transmit Dat@gegative).
pad_rxp_i Asynchronous | Input Serial Receive Dafpositive).
pad_rxn_i Asynchronous | Input Serial Receive Dataegative).

Table4.33. SGMII (SERDES) Only Clock and Reset Interface PodgohDevices

Port

Clock Domain

Direction

Description

pad_refclkp_i

T

Input

MPPHY QuaReferenceQockof positive polarity. 156.28Hz
clock input

pad_refclkn_i

Input

MPPHY QuaRBeferencedockof negative polarity. 156.281Hz
clock input

mpphy_rx_gclk_o

Output

Output receive clock forwarded to global clock distributfoom
the MPPHY IP output.

mpphy_tx_gclk_o

Output

Output transmit clock forwarded to global clock distributimom
the MPPHY IP output.

pcs_usr_clki

Input

PCS Ber ClockThis125MHz clocknput must connect to
usr_clk_o.

usr_clk_o

Output

Userdock 125 MHz clock frorthe MPPHY IButput.

usr_clk_ready_o

Output

User Clock Ready. This signal indictiasthe User Clock is ready

epcs_clkin_i

Input

An additional clock required by the MPCS IP. It can be clocked
PLL output at 125 MHz.

tx_clk_mii_i

Input

Transmit MIl Clock 125 MHz, 25 MHz, or 2.5 MHz clock for
incoming (G)MII transmit data. Data is sampled on the rising ec
of this clock. FOTSMAC Easy Connegtion, this clock is always
125 MHz.

tx_clock_enable_sourcelq

usr_clk_o

Output

Transmit Clock Enable Souc&his signal is only present when
the IP core is generated using th& MAC Easy ConnéajMl|
option. This signal is used in combination with the transmit 125
MHz clock to regulate the flow of transmit (G)MII data. The sigr]
is generated by the transmit rate adaptation block. This clock
enablemustbe tied to the transmit section of the MAC that senc
transmit Ethernet frames to the SGMII and Gb Ethernet PCS IR
core. This clock enabtaustalso be tied to théelransmitQock
EnableSnk of the SGMII and Gb Ethernet PCS IP core.

tx_clock_enable_sink! i

tx_clk_mii_i

Input

Transmit Clock Enable SigRhis signal is only present when the
IP core is generated using ti&MAC Easy ConnéG)Mll option.
This signal is used in combination with the transmit 125 MHz cl
to regulate the flow of transmit (G)MII data. When the clock
enable is high and the transmit clock edge rises, (G)MIl data is
sampled!

rx_clk_mii_i

Input

Receive MIl Cloak125 MHz, 25 MHz, or 2.5 MHz clock for
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Port

Clock Domain

Direction

Description

outgoing (G)MII receive data. Data is launched on the rising ed
of this clockFor TSMAC Easy Conngtion, this clock is always
125 MHz.

rx_clock_enable_source2g

usr_clk_o

Output

Receive Clock Enable SouccEhis signal is similar to the
tx_clock_enable_source_o described above, except that it is us
for the receive datapathThis clock enablmustalso be tied tahe
ReceiveClock Enable Sink of the SGMII and Gb Ethernet PCS
core.

Note that this signal is only present when the IP core is genera
using theTSMAC Easy Conné@)MII option.

rx_clock_enable_sink i

rx_clk_mii_i

Input

Receive Clock Enable Sgikhis signal is only present when the |
core is generated using tHESMAC Easy Conn€&)MII option.

This signal is used in combination with the receive 125 MHz cla
to regulate the flow of receive (G)MII data. When the clock ena
is high and the receive clock edge rises, (G)MII data is launche

rst_n_i

Asynchronous

Input

Resetc Active low global reset.

Immi_clk_i

T

Input

LMMI clock Thetypical recommended frequency is 1R8z,
depending orthe fabric clock

Immi_resetn_i

Asynchronous

Input

LMMI active low reset.

mdc_i

T

Input

Management Data CloakClock source for the serial manageme
interface. The IEEE 802.3 specification (clause 22) dictates tha
maximum frequency for this clock is 2.5 MHz. Note that this sig
is only present when the IP core Register AccessMbil©option.

Notes:

1. Connectix_clock_enable_sink_i to tx_clock_enable_source_o. Relationships betwesdelgnals are shown kigure2.13.
2. Connect rx_clock_enable_sink_ito rx_clock_enable_source_o. Relationships betwsiele Bignals are shown kigure2.14.

Table4.34. SGMII (SERDES) Only GMII Interface Por#&wamt Devices

Port

Clock Direction

Domain

Description

tx_d_[7:0]

rx_clk_mii_i | Input

Transmit Data Incoming (G)MII data. Note that the behavior of th
port varies depending on the (G)MII option used when generating
the IP core. For Classic mode, when the (G)MII data rate is 1 Gb
8 bits of tx_d_i are valid. However, for 10 Mbpsidi0 Mbps, only
bits 3:0 of tx_d_i are valid. For tfeSMAC Easy Conneubde all 8
bits of tx_d_i are valid for all (G)MII data rates (1 Gbps, 10 My,
100 Mbps).

tx_en_i

rx_clk_mii_i | Input

Transmit Enable This &tive high signaksserts when incoming data
is valid.

tx_er_i

rx_clk_mii_i | Input

Transmit Errox Active high signal used to denote transmission
errors and carrier extension on incoming (G)MII data port.

rx_d_d7:0]

rx_clk_mii_i | Output

Receive Datg Outgoing (G)MII data. Note that the behavior of thig
port varies depending on the (G)MII option used when generating
the IP core. For Classic mode, when the (G)MII data rate is 1 Gb
8 bits of rx_d_o are valid. However, for 10 Mbps 4060 Mbps, only
bits 3:0 of rx_d_a@revalid. For theTSMAC Easy Connembde, all 8
bits of rx_d_acarevalid for all (G)MII data rates (1 Gbps, 10 Mbps,
and 100 Mbps).

rx_dv_o

rx_clk_mii_i | Output

Receive Data ValigiThis &tive high signahsserts when outgoing
data is valid.

rX_er_o

rx_clk_mii_i | Output

Receive Errar This a&tive high signal denotdransmission errors
and carrier extension on outgoing (G)MII data port.

col_o

rx_clk_mii_i | Output

Collision Deteat This &tive high signadsserts when tx_en_i and
rx_dv_oareactive at the same time.
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Port Clock Direction Description
Domain
Crs_o rx_clk_mii_i | Output Carrier Sense DetegtThis a@tive high signabsserts when rx_dv_o
is high.

Table4.35. SGMII (SERDES) Only Management Interface Porfsvant Devices

Port

Clock Domain| Direction

Description

mr_adv_ability [15:0F

Asynchronous| Input

Advertised Ability Configuration status transmitted by PCS durir
auto-negotiation process. This sighal must not change during
auto-negotiation.

mr_an_enableli

Asynchronous| Input

Auto-Negotiation Enable Active high signal that enables auto
negotiation state machine to function. This signal must not chan
during autenegotiation.

mr_main_reset %

Asynchronous| Input

Main Reset Active high signal that forces all PCS state maching
reset.

mr_restart_an_j

Asynchronous| Input

Auto-Negotiation Restart Active high signal that forces auto
negotiation process to restart.

mr_an_complete_o

Asynchronous| Output

Auto-Negotiation Complete This ative high signal indicates that
the auto-negotiation process is completed.

mr_lp_adv_ability_§15:0]

Asynchronous| Output

Link Partner Advertised AbilityConfiguration status received fron
partner PCS entity during the aut®gotiation process. The bit
definitions are the same as described above for the
mr_adv_ability_i port.

mr_page_rx_o

Asynchronous| Output

Auto-Negotiation Page Receivedictive high signal that asserts
while the autenegotiation state machine is in the
Complete_Acknowledgsate.

force_isolate_j

Asynchronous| Input

Force PCS IsolatéActive high signal that isolates the PCS. Wher
asserted, the RX direction forces the (G)MII port to all zeros,
regardless of the condition of the incoming 1.25 Gbps serial dat
stream. In the TX direction, the condition of the incoming (G)MII
port is ignoed. The TX PCS behaves as though the (G)MII TX in
port was forced to all zeros. Notkat the isolate function does not
produce any electrical isolatiansuch as tristating of the (G)MII
RX outputs of the IP core. When the signal is deasserted @osv),
PCS isolation functions are deactivated. The use of this signal is
optional. Ifyouchoose not to use the isolate function, then this
signalmustbe tied low.

force_loopback 4i

Asynchronous| Input

Force PCS LoopbacRkctive high signal that activates the loopbag
function, before the PCSWhen asserted, the 1Bit codegroup
output of the transmit state machine is looped back to thehiD
codegroup input of the receive state machine. When deasserte
the loopback function is deactivated.

The use of this signal is optionalydfu choose not to use the
loopback function then this signaiustbe tied low.

force_unidir_#

Asynchronous| Input

Force PCS Unidirectional Mad@éctive high signal that activates
the PCS unidirectional mode. When asserted, the transmit state
machine path between the TX (G)MIl input and the T-¥il6ode-
group output remain operational, regardless of what happens o
the RX datapath. Normally RXdasf sync, invalid codgroup
reception, autenegotiation restarts can force the transmit state
machine to temporarily ignore inputs from the TX (G)MII port.
When deasserted, the unidirectional mode is deactivated.

The use of this signal is optionalyd¢fu choose not to use the

unidirectional function then this signatustbe tied low.
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1. To control the AN process through these poytsy must set theConfiguration Source Control Regisfeonfig_sourcgto 0. For
more information, refer to thg0Ox00E] Configuration Source Control Register for Aggotiationsection.

Table4.36. SGMII (SERDES) Only LMMI Interface Port&want Devices

Port Clock Domain | Direction Description

Immi_request_i Immi_clk_i Input Starts transaction.

Immi_wr_rdn_i Immi_clk_i Input 2NAGS T mQamzI wSEFER I' mQon

Immi_offset_i Immi_clk_i Input Register offset, starting at offset 0

Immi_wdata_i Immi_clk_i Input Output data bus

Immi_rdata_o Immi_clk_i Output Input data bus

Immi_rdata_valid_o Immi_clk_i Output Read transaction is complete and Immi_rdata_o contains val
data.

Immi_ready_o Immi_clk_i Output IP is ready to receive a new transaction. This is always asse

OUASR (G2 mMQomu®

The signals below are directly connected to the MPCS foundation IP, which must only be used for debug purposes.

Note that this LMMI interface shares the same clock and reset as the LMMI interface in the table above.

Table4.37. SGMII (SERDES) Only SERDES LMMI Interface PénartiDevices

Port Clock Direction Description
Domain
mpphy_Immi_request_i Immi_clk_i | Input Starts transaction.
mpphy_Immi_wr_rdn_i Immi_clk_i | Input 2NAGS ' mQomE wSIR I MQonod
mpphy_Immi_offset_i Immi_clk_i | Input Register offset, starting at offset 0.
mpphy_Immi_wdata_i Immi_clk_i | Input Input write data bus.
mpphy_Immi_rdata_o Immi_clk_i | Output Output read data bus.
mpphy Immi_rdata_valid_o | Immi_clk_i | Output Read transaction is complete and Immi_rdata_o contains V|
data.
mpphy_Immi_ready_o Immi_clk_i | Output IP is ready to receive a new transaction.

Table4.38. SGMII (SERDES) Only Miscellaneous Interface Pordssant Devices

Port

Clock Domain

Direction

Description

sgmii_mode_i

Asynchronous

Input

SGMII Mode Controls the behavior of the autoegotiation
process when the core is operating in SGMII mode.
0 = operates as MAS§ide entity, 1 = operates as Pidide entity.

gbe_mode_i

Asynchronous

Input

Gigabit Ethernet Mode Controls the PCS function of the core.
0 = operates as SGMII PCS, 1 = operates as Gigabit Ethernet P
(1000BA\SEX)

operational_rate_[i1:0]

Asynchronous

Input

Operational Rate When the core operates in SGMIlI PCS mode,
this port controls the regulation rate of the rate adaptation circui
blocks as follows:

10 = 1 Gbpsate.

01 = 100 Mbps rate

00 = 10 Mbps rate

Note: In Gigabit Ethernet PCS mode, the rate adaptation blocks
always operate at the 1 Gbps rate, regardless of the settings on
operational_rate_i control pins.

debug_link_timer_short_i

Asynchronous

Input

Debug Link Timer ModeActive high signal that forces the auto
negotiation link timer to run much faster than normal. This modeg
provided for debug purpose&or exampleallowing simulations to
run through the autenegotiation process much faster than normg
This signal must not change duritige auto-negotiationprocess.

an_link_ok_o

Asynchronous

Output

Auto-Negotiation Link Status @KThis &tive high signal indicates
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Port

Clock Domain

Direction

Description

that the link is ok. The signal is driven by the anégotiation state
machine. When autmegotiation is enabled, the signal asserts
when the state machine is in the LINK_OK state. If-aetpotiation
is disabled, the signal asserts when the state machsime the
AN_DISABLE_LINK_OK state (see IEEE 802.3 figre 37

This signal produsthe Link Status signal as required by IEEE
802.3, Status Register 1, Bit D2 (see IEEE 802.3 paragraph
22.2.4.2.13).

hf_o

mpphy_pma_rx0_sigdet_|

Asynchronous

Output

PMA Receive higliequency signal detection output. When
assertedjt indicates that the receiver is receiving hiffaquency
signals.

fo

mpphy_pma_rx0_sigdet_|

Asynchronous

Output

PMA Receive loMfrequency signal detection output. When
assertedjt indicatesthat the receiver is receiving lefrequency
signals.

4.14. MAC +SGMII(LVDS)nterfaces

TheMAC +SGMIKLVDSinterfaceis only availablén the MAC +SGMIKLVDSgonfiguration.

Note: The SGMII interface using LVDSiW@ertusNX, CertusPrdX, MachXOBIX and CrossLinkiXFPGA#&as
limitations when operating across the full specified temperature range. Lattice recommends using alternative
interfaces, such as SERDES or RGMII, for designs requiring Gigabit Ethernet. Refandwlitbege Bse articlefor
details. Contact your local Lattice sales representative for more information.

Table4.39. MAC +SGMII (LVDSJlock Interface Ports

Port

Clock Domain

Direction

Description

pll_refclk_i

T

Input

PLL Reference ClogR50MHzclock inputfor Avant devices and 12
MHz clock input for no\vant devices

clk_gddr_o

T

Output

DDR Clocg Assumes an LVDS buffer.

sgmii_tx_clk_en_o

usr_clk_o

Output

TXClock Enable. The SGMIGb EthernePCS IP core drives this
signal. The clock enable is always high for 1G operation. For 100
Mbps operation the clock enable is asserted high once every ten
(125MHz) clocks, and for 10 Mbps operation the clock enable is
asserted high once every hundred (1251z) clocks.

sgmii_rx_clk_en_o

usr_clk_o

Output

RXClock Enable. The SGMIIGb EthernePCS IP core drives this
signal. The clock enable is always high for 1G operation. For 100
Mbps operation the clock enable is asserted high once every ten
(125MHz) clocks, and for 10 Mbps operation the clock enable is
asserted high once every hundred (1251z) clocks.

usr_clk_o

Output

User Clockl25 MHz clock frorthe ECLKDIV output.

usr_clk_ready_o

Output

User Clock Ready. This signal indicttiasthe User Clock is ready.

Table4.40. MAC +SGMII (LVDSJerial Interface Ports

Port Clock Domain Direction Description
ser_tx_o Asynchronous Output Serial Transmit DataDDR data. Assumes an LVDS buffer.
ser_rx_i Asynchronous Input Serial Receive DataDDR data. Assumes BN'DS buffer.

Table4.41. MAC +SGMII (LVDSJonfiguration Interface Ports

Port

Clock Domain

Direction

Description

operational_rate_[i1:0]

Asynchronous|

Input

Operational Rate When the core operates in SGMII PCS mode, t
port controls the regulation rate of the rate adaptation circuit bloc
as follows:
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Port

Clock Domain

Direction

Description

10t 1 Gbpsrate
01t 100 Mbpgate
00t 10 Mbpsrate

Note inGigabit Ethernemode, the rate adaptation blocks always
operate at the 1Gbps rate, regardless of the settings on the
operational_rate_i control pins.

debug_link_timer_short_i

Asynchronous|

Input

Debug Link Timer Modéctive high signal that forces the
auto-negotiation link timer to ruimuchfasterthannormal. This
modeisprovidedfor debugpurposes For examplegallowing
simulations to run through the autnegotiation process much faste
thannormal. This signal must not change durihg auto-negotiation
process.

Table4.42. MAC +SGMII (LVD®liscellaneouslinterface Ports

Port Clock Domain| Direction | Description

mr_main_reset_i Asynchronous| Input Main Reset

mr_an_enable_i Asynchronous| Input Auto-Negotiation Enable

mr_adv_ability_[15:0] Asynchronous| Input Advertised Ability

mr_restart_an_i Asynchronous| Input Auto-Negotiation Restart

mr_an_complete_o Asynchronous| Output Auto-Negotiation Complete

mr_lp_adv_ability_f15:0] | Asynchronous| Output Link Partner Advertised Ability

mr_page_rx_o Asynchronous| Output Auto-Negotiation Page Received

force_isolate_i Asynchronous| Input Force PCS Isolate

force_loopback_i Asynchronous| Input Force PCS Loopback

force_unidir_i Asynchronous| Input Force PCS Unidirectioridbde. Active high signal that activates th
PCS unidirectional mode. When asserted, the transmit state
machine path between the TX (G)MII input and the TXiil6ode-
group output remain operational, regardless of what happens on
the RX datapath. (Normally R>$doof sync, invalid coegroup
reception,andauto-negotiation restarts can force the transmit
state machine to temporarily ignore inputs from the TX (G)MII
port).
When deasserted, the unidirectional mode is deactivated.
The use of this signal is optionalytfu choose not to use the
unidirectional function, then this signatustbe tied low.

an_link_ok_o Asynchronous| Output Auto-Negotiation Link Status OK

4.15. MAC +SGMII SERDBMterfaces

The MAC 8GMI(SERDB$terface is only available the MAC +SGMII $ERDBSonfiguration.Avant and Nexus
devices implement different SERDES primitives, resulting in distinct interface characteristics between the two

platforms.

4.15.1MAC+ SGMII (SERDES) Interfaces, NSERDES Primitive, MPCS
For more informatioron MPCSnterfaces and registerefer to theNX MPCS Module User Guide (FREAG02118)

Table4.43. MAC +SGMII SERDB®lockand Resetnterface Portson Nexus Devices

Port

Clock Domain

Direction

Description

clksel_i[1:0]

Asynchronous

Input

PMArelated clock multiplexer in MPCS Primitive. It is used to se
from /O pad, PLland fabric for PCS quadO [1:0]
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Port Clock Domain | Direction Description

diffioclksel_i Asynchronous | Input PMArelated clock multiplexer in MPCS PrimitiveleBtion
between IO pad0 and/D padl

use_refmux_i Asynchronous | Input PMA related clock multiplexer in MPCS Primitive. It is used to
enablePCSREFMUXhich is eRefGk Mux TreeThisis used for
dynamic switchin@f reference clock.

sdq_refclkp_qO_i T Input MPCSPLLReference Clodjpositive) for Quad @ 125 MHzclock
input.

sdq_refclkn_q0_i T Input MPCSLLReference Clodinegative) for Quad @ 125 MHzclock
input.

sdq_refclkp_@._i T Input MPCSPLLReference Clogjpositive) for Quad & 125 MHzclock
input.

sdq_refclkn_@G_i T Input MPC3LLReference Clocnegative) for Quad & 125 MHzclock
input.

pll_O_refclk_i T Input MPCS PLL Reference Clock from Left GP2% MHz clock input.

pll_1_refclk_i T Input MPCS PLL Reference Clock from Right GF23. MHz clock input.

sd_ext 0_refclk_i T Input MPCS PLL Reference Cliwokn external /0O pad@ 125 MHz clock
input.

sd_ext 1 refclk_i T Input MPCS PLL Reference Climokn external 1/0O padt 125 MHz clock
input.

sd_pll_refclk_i T Input MPCS PLL Reference Cliwokn fabric- 125 MHz clock input.

usr_clk_o T Output User Clock125 MHz clock frorthe MPCS IButput.

usr_clk_ready_o T Output User Clock Ready. This signal indictitasthe User Clock is ready.

epcs_clkin_i T Input Additional clock required bthe MPCS IRyhich isclocked by 125
MHz clock.

sgmii_tx_clk_en_o usr_clk_o Output TXClock Enable. The SGMlIGb EthernePCS IP core drives this
signal. The clock enable is always high for 1G operation. For 10
Mbps operation the clock enable is asserted high once every ten
(125MHz) clocks, and for 10 Mbps operation the clock enable is
asserted high once every hundred (1251z) clocks.

sgmii_rx_clk_en_o usr_clk_o Output RXClock Enable. The SGMlIGb EthernePCS IP core drives this
signal. The clock enable is always high for 1G operation. For 10
Mbps operation the clock enable is asserted high once every ten
(125MHz) clocks, and for 10 Mbps operation the clock enable is
asserted high once every hundred (151z) clocks.

Immi_clk_i T Input LMMI clock Thetypical recommended frequency is 1REHz,
depending orthe fabric clock

Immi_resetn_i Asynchronous | Input LMMI active low reset.

Table4.44. MAC +SGMII GERDBSerial Interface Porten Nexus Devices

Port Clock Domain | Direction Description

sdOtxp_o Asynchronous | Output Serial Transmit Dat@ositive).

sd0txn_o Asynchronous | Output Serial Transmit Dat@gegative).

sdOrxp_i Asynchronous | Input Serial Receive Dafpositive).

sdOrxn_i Asynchronous | Input Serial Receive Dafaegative).

Table4.45. MAC +SGMII GERDB® onfiguration Interface Porten Nexus Devices

Port

Clock Domain

Direction

Description

operational_rate_i[1:0]

Asynchronous

Input

Operational Ratg When the core operates in SGMII PCS mo
this port controls the regulation rate of the rate adaptation
circuit blocks as follows:

10t 1 Gbps rate
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Port

Clock Domain

Direction

Description

01t 100 Mbps rate
00t 10 Mbps rate

Note in Gigabit Ethernet mode, the rate adaptation blocks
always operate at the 1 Gbps rate, regardless of the settings
the operational_rate_i control pins.

debug_link_timer_short_i

Asynchronous

Input

Debug Link Timer Mode. Active high signal that forces the
auto-negotiation link timer to run much faster than normal.
This mode is provided for debug purposBsr example,
allowing simulations to run through the auttegotiation
process much faster than normal. This signal must not chan
duringthe auto-negotiationprocess.

Table4.46. MAC +SGMII(SERDB®iscellaneous Interface Portsn Nexus Devices

Port Clock Domain| Direction | Description
gbe_mode_i Asynchronous| Input Setto 1 for 1000BASE Auto Negotiation setto 0 for SGMII Auto
Negotiation
mr_main_reset_i Asynchronous| Input Main Reset
mr_an_enable_i Asynchronous| Input Auto-Negotiation Enable
mr_adv_ability_[15:0] Asynchronous| Input Advertised Ability
mr_restart_an_i Asynchronous| Input Auto-Negotiation Restart
mr_an_complete_o Asynchronous| Output Auto-Negotiation Complete
mr_lp_adv_ability_f15:0] | Asynchronous| Output Link Partner Advertised Ability
mr_page_rx_o Asynchronous| Output Auto-Negotiation Page Received
force_isolate_i Asynchronous| Input Force PCS Isolate
force_loopback_i Asynchronous| Input Force PCS Loopback
force_unidir_i Asynchronous| Input Force PCS Unidirectioridbde.
an_link_ok_o Asynchronous| Output Auto-Negotiation Link Status OK

The signals beloware direct connection to the MPCS foundation IP, wiielstonly be used for debug purposes

Table4.47. MAC +SGMII SERDBE&MMI Interface Porton Nexus Devices

Port Clock Domain | Direction | Description

mpcs_lmmi_request_i clk_i Input Starts transaction.

mpes_Immi_wr_rdn_i clk_i Input 2NAGS ' MmQomE wSFER ' mQono
mpcs_Immi_offset_i clk_i Input Register offset, starting at offset 0.

mpcs_Immi_wdata_i clk_i Input Input write data bus.

mpcs_Immi_rdata_o clk i Output Output read data bus.

mpcs_Immi_rdata_valid_q clk_i Output Read transaction is complete and Immi_rdata_o contains valid d
mpcs_Immi_ready_o clk_i Output IP is ready to receive a new transaction.

4.15.2MAC + SGMII (SERDES) Interfagesnt SERDES Primitive, MPHY
For more informatioron MPPHY interfaceasnd registey refer to theLattice AvamG/X MPPHY Module User Guide

(FPGAPUG02233).

Table4.48. MAC + SGMII (SERDES) Clock and Reset InterfaceoRdkteant Devices

Port

Clock Domain

Direction

Description

pad_refclkp_i

T

Input

MPPHY QuaReferencedockof positive polarity156.25MHz clock
input.
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Port Clock Domain | Direction Description

pad_refclkn_i 1 Input MPPHY QuaReferencedockof negative polarity156.25MHz
clock input

mpphy_rx_gclk_o T Output Output receive clock forwarded to global clock distribution from t
MPPHY IP output.

mpphy_tx_gclk_o T Output Output transmit clock forwarded to global clock distribution from
the MPPHY IP output.

pcs_usr_clk_i 1 Input PCS User Clockhis125MHz clock input must connect to
usr_clk_o.

usr_clk_o T Output User Clockl25 MHz clock frorthe MPPHYPoutput.

usr_clk_ready_o T Output User Clock Readyhis signal indicatabat the User Clock is ready.

sgmii_tx_clk_en_o usr_clk o Output TXClock Enable. The SGMIGb EthernePCS IP core drives this
signal. The clock enable is always high for 1G operation. For 10
Mbps operation the clock enable is asserted high once every ten
(125MHz) clocks, and for 10 Mbps operation the clock enable is
asserted high once every hundred (125iz) clocks.

sgmii_rx_clk_en_o usr_clk o Output RXClock Enable. The SGMIGb EthernePCS IP core drives this
signal. The clock enable is always high for 1G operation. For 10
Mbps operation the clock enable is asserted high once every ten
(125MHz) clocks, and for 10 Mbps operation the clock enable is
asserted high once every hundred (1251z) clocks.

Immi_clk_i T Input LMMI clock Thetypical recommended frequency is 1R8z,
depending orthe fabric clock

Immi_resetn_i Asynchronous | Input LMMI active low reset.

Table4.49. MAC + SGMII (SERDES) Serial Interface Borés/ant Devices

Port Clock Domain | Direction Description

pad_txp_o Asynchronous | Output Serial Transmit Dat@ositive).
pad_txn_o Asynchronous | Output Serial Transmit Dat@egative).
pad_rxp_i Asynchronous | Input Serial Receive Dafpositive).
pad_rxn_i Asynchronous | Input Serial Receive Dafaegative).

Table4.50. MAC + SGMII (SERDES) Configuration Interface Bors/ant Devices

Port

Clock Domain

Direction

Description

operational_rate_i[1:0]

Asynchronous

Input

Operational Rate When the core operates in SGMII PCS mo
this port controls the regulation rate of the rate adaptation
circuit blocks as follows:

10t 1 Gbpsrate

01t 100 Mbps rate

00t 10 Mbps rate

Notethat in Gigabit Ethernet mode, the rate adaptation block
always operate at 1 Gbps rate, regardless of the settings on
operational_rate_i control pins.

debug_link_timer_short_i

Asynchronous

Input

Debug Link Timer Mode. Active high signal that forces the
auto-negotiation link timer to run much faster than normal.
This mode is provided for debug purposBsr example,
allowing simulations to run through the auttegotiation
process much faster than normal. This signal must not chan
duringthe auto-negotiationprocess.
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Table4.51. MAC + SGM(SERDES) Miscellaneous Interface PortAvant Devices

Port Clock Domain| Direction Description

gbe_mode_i Asynchronous| Input Set to 1 for 1000BASE Auto Negotiation, set to 0 for SGMII
Auto Negotiation.

mr_main_reset_i Asynchronous| Input Main Reset

mr_an_enable_i Asynchronous| Input Auto-Negotiation Enable

mr_adv_ability_[15:0] Asynchronous| Input Advertised Ability.

mr_restart_an_i Asynchronous| Input Auto-Negotiation Restart

mr_an_complete_o Asynchronous| Output Auto-Negotiation Complete

mr_Ip_adv_ability_f15:0] Asynchronous| Output Link Partner Advertised Ability

mr_page_rx_o Asynchronous| Output Auto-Negotiation Page Received

force_isolate_i Asynchronous| Input Force PCS Isolate

force_loopback_i Asynchronous| Input Force PCS Loopback

force_unidir_i Asynchronous| Input Force PCS Unidirectioridbde.

an_link_ok o usr_clk o Output Auto-Negotiation Link Status OK

tx_pma_rdy_o Asynchronous| Output TXPMA ready

rx_pma_rdy_o Asynchronous| Output RX PMA ready.

mpphy_pma_rx0_sigdet_hf o| Asynchronous| Out PMA Receive higltequency signal detection output. When
asserted, indicates that the receiver is receiving high
frequency signals.

mpphy_pma_rx0_sigdet _If o | Asynchronous| Out PMA Receive loMrequency signal detection output. When

asserted, indicates that the receiver is receiving-low
frequency signals.

The signals below are direct connection to the MPCS foundation 1P, which must only be used for debug purposes.
Table4.52. MAC + SGMII (SERDES) LMMI Interface Bor&svant Devices

Port Clock Direction | Description
Domain
mpphy_Immi_request_i clk_i Input Starts transaction.
mpphy_Immi_wr_rdn_i clk_i Input 2NAGS T mQomI wSIER I' mQono
mpphy_Immi_offset_i clk_i Input Register offset, starting at offset 0.
mpphy_Immi_wdata_i clk i Input Input write data bus.
mpphy_Immi_rdata_o clk_i Output Output read data bus.
mpphy Immi_rdata_valid_o | clk_i Output Read transaction is complete and Immi_rdata_o contains valid d
mpphy Immi_ready o clk_i Output IP is ready to receive a new transaction.
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5. ReqisterDescription

This section provides detailed descriptionsted TEIP registers. Note that registers that are not available are
highlighted in graywhen MAC Transmit or MAC Receive is enabled, the following registers are not configu@dte, 0
(except bit 2Receive Erae and bit 3, Transmit Enable), 0x004, 0x008, 0x00C, 0x010, 0x014, 0x028, 0x02C.

The following table listite register address mapat specifies the available Bdre registersThe registes from offset
0x000 to 048 areMAC core registers.

Table5.1. Register Address Map

Offset Register Name Access | Description
0X000 Mode RW En_ablesor dlsaples IRore functions. This register can be
written at any time.
RW This register can be overwritten only where RXMAC and X
0x004 Transmit and Receive Control MAC are disabled. This register controls various featuréseof
MAC.
RW This register can be overwritten only whiére MAC is disabled.
0x008 Maximum Packet Size All frames longer than the value (number of bytes) in this
register is tagged as long frames.
0x00C IPG (InteiPacket Gap) RW Time between packet transmission.
0x010 MAC Address Word 0 RW Contains the Ethernet address Word 0
0x014 MAC Address Word 1 RW Contains the Ethernet address Word 1
0x018 Transmit and Receive Status RO This regls_te_r reports events that have occurred while receivin
or transmitting a packet.
0X01C VLAN Tag RO This register has the_ VLAN tag field of the most recent tagge
frame that was received.
RW The GMII Management Access register controls the

Management Interface Module (MIIM). This register can be
overwritten only when the interface is not busy. A write
operation is ignored when the interface is busy.

RW The contents of this register are transmitted when a Write
operation is to be performed. When a Read operation is
performed, this register contains the value that was read fron
PHY register.

0x020 GMII Management Interface Control

0x024 GMII Management Data

0x028 Multicast TableWord 0 RW Multicast Table Word 0. Firstiytes of the 64bit hash.
0x02C MulticastTablewWord 1 RW Multicast Table Word IThe &st 4bytes of the 64bit hash.
0x030 Pause Opcode RO PAUSE Opcode
0x034 TX FIFO Almost Full Threshold RW This register can be overwritten only whtéve MAC is disabled.
0x038 TX FIFO Almost Empty Threshold RW This register can be overwritten only whire MAC is disabled.
0x03C RX FIFO Almost Full Threshold RW This register can be overwritten only whéve MAC is disabled.
0x040 RX FIFO Almost Empty Threshold | RW This register can be overwritten only where MAC is disabled.
0x044 Interrupt Status RW1C | For more information on these registergfer to thelLattice

RW Memory Mapped Interface (LMMI) and Lattikgerrupt
0x048 | Interrupt Enable Interface (LINTR) User GuUid@GAUG02039)
0x04C Statistic Counter registers RO For more informatio.n,.efer tothe .
0x220 [0x04Cg 0x220]Statistics Countersection

T For more informatioron this registerrefer tothe
0x400 SGMII PHY SGMIl and Gb Ethernet PCS SoRéBisteisection.Foraddress
0x50C mappingdetails, refer to th0x400¢ 0x50C]SGMIland Gb

EthernetPCS Soft IRegistersection

T For more information on this register, refer to tihXMPCS

T MPCS PHY Module UserGuide(FPGAPUG02118. This register is only
accessible through MPCS LMMI interface ports.

. MPPHY PHY T For more information on this register, refer to thattice Avant

G/X MPPHY Module User Guide (FR@AG02233). This
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Offset

Register Name

Access | Description

register is only accessible through MPPHY LMMI interface pq

The table belovshows thatthe behavior of registers to write and read access is defined by its access type

Table5.2. Access Type Definition

Access Type

Behavior on Read Access

Behavior on Write Access

RO

Returns register value

Ignores write access

RW

Returns register value

Updates register value

RW1C

Returns register value

Cleasthe register on write of 1, write value 0 is ignored

RSVD

Returns 0

Ignores write access

5.1.

Table5.3. Mode Register

[0x000]Mode Register

Field

Name

Description

Access

Default

[31:5]

T

T

RSVD

HT QKnnny

[4]

hundredbit_en

100MbpsEnable.

This bit is only used fovllI/GMII, RGMII, andRMI|
option. ForRMIIto operatein 100Mbps, this bitmust
be setto 1. For RMII to operatén 10Mbps, this bit
must beset to 0.When bit [0] of mode register is set tq
MZ (GKA& 0A0 R2 SThiynt échodebyck
what is written to it.

RW

M Q0

(3]

tx_en

TransmitEnabé.

Whenset to 1, the TKMAC is enbled to transmit
frames. When resetthe TXMACcompletes
transmission of the paket currently being processed,
then stops.

Note: After enablement of TX MAC, wait 100us for th
MAC to be stable.

RW

(2]

rx_en

Receive Ende.

Whenset to 1, the RKMAC is enbled to receve

frames. When resetthe RXMAC compléesrecegion

of the packet currently beingprocessedthen stoys.
Note: After enablement of TX MAC, wait 100us for th
MAC to be stable.

RW

(1]

fc_en

How-cortrol Enalie.

When sé to 1, it eneblesthe flow cortrol functionality
of the TXMAC This bit should be séb enable the TX
MAC to transmit PAUSHramevia the tx_sndpausreq_
and tx_sndpaustim_i[15:0] MC inputports.

RW

0]

gbit_en

Gigabit Enable.

For the MII/GMII and RGMII optigrto operate in GbE
mode, this bit must be set to 1. For 10/100 mode, thig
bit must be seto 0.

For theRMII,SGMII Easy Connect MAXQd Gigabit
MACoption, this bit does not control anything\éte:
The MAC operation speed is determined by the clock
enables provided by the SGMII IP core). This bit ech
back what is written to it.

Note: The state of this bit is useful for system use

RW
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Field

Name

Description

Access

Default

[31:5]

T

RSVD

HT QKnnnay

becausehe cpu_if_gbit_en_o output signal from the
core always reflects the state of this register bit.

5.2.

[0x004] Transmit and Receive Control Register

Table5.4. Transmit and Receive ContrBlegister

Field

Name

Description

Access

Default

[31:9]

T

T

RSVD

Ho QKnnnay

(8]

receve_shat

Reeive Short Frame
When set to 1jt enablesthe RXMAC to receie frames
sharter than 64bytes.

RW

MQO N

(7]

receve_brdcst

Receive Broadcast.
Whenset to ], it enablesthe RXMAC to receie
broadcastrames

MQO N

(6]

drop_control

Dropcontrol.

Whenset to 1 received controlframesare dropped
internalto the MAC andnhot tranderred to theexternal
RXclient FIFO.

MQO N

(5]

hden

Halfduplex Enable(10/100modeonly).

Whenset to 1,configuregshe TXMACto operate in half
duplex moce. WhenEnable Half Duplex Module Optio
isuncheckedthis bit doesot control anything.This bit
echoes back what is written to it.

MQO N

(4]

receve_mltcst

ReceiveMulticast.

Whenset to 1, the multicastframesarereceived perthe
filteringrulesfor such fames.

When set to 0, no Multicak (exceptPAUSE) fames is
receved.

MQO N

(3]

receve_pause

Receive PAUSEmMe.

When set to 1the RXMAC indicates the RPAUSE
frame receptiorto the TXMAC and theeby caussthe
TXMAC to pausehe transmission oflataframesfor
the period spediied within the KPAUSE frare.

MQO N

(2]

tx_dis_fcs

TransmitDisable F&

Whensetto 1, the FCS field generation is dik& in

the TXMACandthe client is responsible for generating
the appropriate FCS field.

MQO N

(1]

discard_fcs

RXDiscard FC&d Pal.

When seto 1, the FC&nd any ofthe paddingbytes of
an |IEEE 802 frame arestripped df the frame bdore it
istranderred to the XHAFO.

Whenset to Q the entire fame is tanderred into the
RXFIRO.

Note: Discarding paddingytes is only applidde to
pure IEEE 802.8ames(such asn backplane
applications) and does not functiam Ethe net frames
(IR UDR ICMR, and so ohwherethe lengthfield is now
interpreted as a protocol type field.

MQO N

[0

prms

Promiscuous Moel
Whenset to 1, all filtering schemesare abandoned, and

the RKMAC receies frameswith any addres.
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5.3. [0x008]Maximum Packet Size Register

Table5.5. Maximum Packet Size Register

Field Name Description Access Default
[31:14] T T RSVD 18Q@0000
[13:0] max_frame The maximum packesizethat can be handled by the | RW 140Knp99

core.Used only for statistical purposesll frames
longer than the value given here are marked as long.
¢KS @I ftdzS 2F GKA&a NBIAAL
reception.

AR QI tdz2SayY mnQnnnn K
alk EAYdzy @I dzS A a vawesQ& o C(
unsupported.

5.4. [0xO00C]IPG (InterPacket Gap) Register
Tableb5.6. Inter-Packet Gap Resfier

Field Name Description Access Default
[31:5] T T RSVD 27Q000_0000
[4:0] ipg Inter-packet gap value in units of byte timEhis RW 5'b01100

register value is used by th&WMAC.The minimum
Inter-paclet gap value is 8

5.5. [0x010¢ 0x014] MAC Addresfegister (0,1)

The MAC address is stored in the registeriseradecimal formFor exampleto set the MAGddress to: AE48-00-
00-80 would require writindxAC DE_48 0fo address 0x0Q (MAC_ADDR_0). 0& (8 to address 0x04
(MAC_ADDR_1).

Table5.7. MAC Addres$Vord ORegister

Field Name Description Access Default

[31:0] mac_addo First four bytes of the MAC address. RW OHQKnnnAnN
Ethernet address assigned to the port supported by t
MAC

Table5.8. MAC Address Word 1 Register

Field Name Description Access Default
[31:16] T T RSVD Mc QKnnnn
[15:.0] mac_addrl Last two bytes of the MAC address. RW mMc QKnnnn
Ethernet address assigned to the port supported by t
MAC
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5.6. [0x018]Transmit and Receive Statuegister

Table5.9. Transmit and Receive Status Register

Field Name Description Access Default

[31:11] T T RSVD 20K nnnyn

[10] rx_idle Receive MAC idle. Réee MAC in dlle condtionisused | RO MQO M
to resetconfigurations by the CPUnterface.

[9] tageed_frame Tagged frame receied. RO MQO n

[8] brdcst_fame Indicates thata Bradcastpacket was recéved. RO MQO n

[7] multcst_frame Indicates hat a Multicast paket was received. RO MQO3O N

[6] ipg_strink IPG 8rink. Received frame with &irunk IPG (IP&€96 RO MQO N
bit time).

[5] short_frame Indicatesthat a paket shorter than 64byteshas been | RO MQO3O n
received.

[4] long_frame Indicatesrecept of a packet longer thanthe maximum RO MQO3O n
allowable packet size specifed in the MAX_PKT_SIZE
Register.

[3] error_frame GMIl _er_i aserted. Indicatesthe frame was recéved | RO MQO3O n
with the rx_er_isigal asseted.

[2] crc CRarror. Indicatesa packet was recéved with a CRC | RO MQO N
error.

[1] pause_frame PAUSHEame. Indicatesa PAUSHrame was receied. RO MQO N

[0] tx_idle TransmitMACidle. Trfansmit MAC in dle corditionis RO MQJO M
used to esetconfiguratonsby the CPUnterface.

5.7. [0xO1CJVLAN Tag Register
Table5.10. VLAN Tag Register

Field Name Description Access Default

[31:16] T T RSVD Mc QKnnannn

[15:0] vlan This field defineghe length/type of field ofthe VLAN RO Mc QKnnnn
tag of the most recent tagged frame that was receive

5.8. [0x020]GMII Management Register Access ContRagister
Table5.11. GMII Management Register Access ContRragister

Field Name Description Access Default
[31:15] T T RSVD 17TQKnnnanyYn
[14] cmd_fin Command-nished. Whenhigh,it meansthe interface RO M Q0

hascompletedthe intendedoperation. This bits set to
0 when the inteface isbusy.

[13] rw_phyreg Read/Write PHY Registers RW MQOon

2 K S y1 wHie Gperation
2 K § y1 rdad épeation

[12:8 phy_add GMIIPHY AddresThe addressf the accessed PHY Bi RW pQKnan
12isthe mostsignificant bit, and it is the first PHY
address bito be transmitted and receed.

[7:5 T T RSVD o0Qdénnn

[4:0] reg_add GMIIRegistelAddres. Theaddresof the registeris RW pQKnan
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Field Name Description Access Default

accessedBit4isthe mostsignificant bit and is the first
register addressit to be ransmtted or receved.

5.9. [0x024]GMII Management Access DaRegister

Table5.12. GMII Management Access Data Register

Field Name Description Access Default

[31:14 T T RSVD Mc QKnnnn

[15:0 gmii_dat GMII Data. Bit 15 is the most significant bit RW mMc QKnnnn
corresponding to bit 15 of the accessed register.

5.10. [0x028 ¢ 0x02C]Multicast Table Registers (0,1)

When the core is programmed to receive multicast frames, a filtering scheme is used to decide whether the frame
should be received or not. The six middle bits of the most significant byte of the CRC value, calculated for the
destination address, are used a key to the 64it hash table. The three most significant bits select one of the eight
tables, and the three least significant bits select a bit. The frame is received only if this bit is set.

Tableb5.13. Multicast TableWord ORegister
Field Name Description Access Default

[31:0] multicast_teble0 | Multicast Table Word .0 RW OHQKnnnnN
Lower 32bit of the 64-bit hash.

Tableb.14. Multicast TableWord 1 Register
Field Name Description Access Default

[31:0] multicast_teblel | Multicast Table Word.. RW OHQKnnnnN
Upper 32bit of the 64-bit hash.

5.11. [0x030]Pause Opode Register
Table5.15. Pause Opode Register

Field Name Description Access Default
[31:16] T T RSVD Mc QKnnnn
[15:0] pause opcode This register contains theauseopcode, which is RO Mc QKA nn

compared against thepcode in the receivegause
frame. This value is al$acludedin anypauseframe
transmitted bythe MAC Bit [15] is transmitted first ang
bit [0] is transmitted last.

5.12. [0x034] TX FIFO Almost Full Threshold Register
Table5.16. TX FIFO Almost Full Threshold Register

Field Name Description Access Default
[31:11] T T RSVD HMQKnnanyn
[10:0] tx_fifo_afull_th | Almost Full Threshold RW MMQKmMCC
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Table5.17. TX FIFO Almo&mpty Threshold Register
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Field Name Description Access Default
[31:11] T T RSVD HMQKANnYn
[10:0] tx_fifo_aempty_th | Almost Empty Threshold RW MM DK n
5.14. [0xO03C]RX FIFO Almost Full Threshold Register
Table5.18. RX FIFO Almost Full Threshold Register
Field Name Description Access Default
[31:11] T T RSVD HMQKnnyn
[10:0] rx_fifo_afull_th Almost Full Threshold RW MMQKMCC
5.15. [0x040]RX FIFO AlmodEmpty Threshold Register
Table5.19. RX FIFO AlmogEmpty Threshold Register
Field Name Description Access Default
[31:11] T T RSVD HMQKANnyn
[10:0] rx_fifo_sempty_th | AlmostEmptyThreshold RW M MK
5.16. [0x044]Interrupt Status Register
Table5.20. Interrupt Status Register
Field Name Description Access Default
[31:8] T T RSVD 220Knnynn
[7] tx_overflow_int Indicates that a write request during the prior clock | RW1C MQO3O n
cycle was rejected because the FIFO is full.
Overflowing the FIFO is not destructive to the
contents of the FIFO.
0¢ No interrupt
1 ¢ Interrupt pending
Write 1 to clear.
[6] tx_full_int Indicates that the XFIFO is full. RwiC MQOJ n
0¢ No interrupt.
1 ¢ Interrupt pending.
Write 1 to clear.
[5] tx_afull_int Indicates that the number of words in th&XFIFO is | RW1C MQOJ n
greater than or equal to the threshold.
0¢ No interrupt.
1 ¢ Interrupt pending.
Write 1 to clear.
[4] tx_aempty_int Indicates that the number of words in the FIFO is le] RW1C MQO n
than or equal to the threshold.
0¢ No interrupt.
1 ¢ Interrupt pending.
Write 1 to clear.
[3] rx_underflow_int | Indicates that a read request during the previous Rwi1C MQO n
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Field

Name

Description

Access

Default

clock cycle was rejected because the FIFO is empty
Underflowing the FIFO is not destructive to the FIF(
0¢ No interrupt.

1 ¢ Interrupt pending.

Write 1 to clear.

(2]

rx_empty_int

Indicates that the FIFO is empty.
0¢ No interrupt.

1 ¢ Interrupt pending.

Write 1 to clear.

RW1C

(1]

rx_aempty_int

Indicates that the number of words in the FIFO is le
than or equal to the threshold.

0¢ No interrupt.
1 ¢ Interrupt pending.
Write 1 to clear.

RW1C

[0

rx_afull_int

Indicates that the number of words in tH&XFIFO is
greater than or equal to the threshold.

0¢ No interrupt.
1 ¢ Interrupt pending.
Write 1 to clear.

RW1C

5.17. [0x048]Interrupt Enable Register

Table5.21. Interrupt EnableRegister

Field

Name

Description

Access

Default

[31:8]

T

T

RSVD

Hn QK nyn

(7]

tx_overflow_en

Defines the interrupt enabled bit corresponding to
Transmit Buffer Overflow Interrupt source.

0 ¢ Interrupt disabled.

1 ¢ Interrupt enabled.

RW

MQO N

(6]

tx_full_en

Defines the interrupt enabled bit corresponding to
Transmit Buffer Full Interrupt source.

0 ¢ Interrupt disabled.

1 ¢ Interrupt enabled.

RW

(3]

tx_afull_en

Defines the interrupt enabled bit corresponding to
Transmit Buffer Almost Full Interrupt source.

0 ¢ Interrupt disabled.

1 ¢ Interrupt enabled.

RW

(4]

tx_aempty_en

Defines the Interrupt enabled of bit corresponding tc
Transmit Buffer Almost Empty Interrupt source.
0 ¢ Interrupt disabled.
1 ¢ Interrupt enabled.

RW

(3]

rx_underflow_en

Defines the interrupt enabled bit corresponding to
Receive Buffer Underflow Interrupt source.

0 ¢ Interrupt disabled.

1 ¢ Interrupt enabled.

RW

(2]

rx_empty_en

Defines the interrupt enabled bit corresponding to
Receive Buffer Empty Interrupt source.

0 ¢ Interrupt disabled.

RW
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Field Name Description Access Default

1 ¢ Interrupt enabled.

(1] rx_aempty_en Defines the interrupt enabled bit corresponding to | RW MQO N

Receive Buffer Alimost Empty Interrupt source.
0 ¢ Interrupt disabled.
1 ¢ Interrupt enabled.

(0] rx_afull_en Defines the Interrupt enabled of bit corresponding t¢ RW MQO N

Receive Buffer Almost Full Interrupt source.
0 ¢ Interrupt disabled.
1 ¢ Interrupt enabled.

5.18. [0x04Cc 0x220]Statistics Counters

These statistic counters are wraparound counters and can only be reset when the system reset is asserted. Default

value of these counters are 0.

wSIAAGSNI YIYS 6AGK ayné

Table5.22. Summary of Statistics Counters

YSIya GKS tSFad aArAayArAFTaAolyi

Offset Register Name Description Access
0x04C TX_STAT_UNICST_O Transmit Unicast Frame Statistic Counter. RO
0x050 TX STAT UNICST 1 Counts the total number of unicast frames RO
B B B transmitted.tx_statvec_o[0Js used to implement
this counter.
0x054 TX_STAT_MULTCST_O Transmit Multicast Frame Statistic Counter. RO
0x058 TX STAT MULTCST 1 Counts the total number of multicast frames RO
- - B transmitted.tx_statvec_of] is used to implement
this counter.
0x05C TX_STAT BRDCST_ O Transmit Broadcast Frame Statistic Counter. RO
0x060 TX_STAT_BRDCST 1 Counts the total number of broadcast frames RO
transmitted. tx_statvec_op] is used to implement
this counter.
0x064 TX_STAT _BADFCS 0 Transmit Bad FCS Frame Statistic Counter. RO
0x068 TX_STAT_BADFCS_1 Counts the total number of frames transmitted RO
with BAD FC$x_statvec_o8] is used to
implement this counter.
0x06C TX_STAT_JMBO_O Transmit dmbo Frame Statistic Counter. RO
0x070 TX_STAT_JMBO_1 Counts the total number afumboframes RO
transmitted. tx_statvec_o[4]s used to implement
this counter.
0x074 TX_STAT_UNDER_RUN_O FIFO UndeRun Statistic Countetx_statvec_05] RO
0x078 TX STAT UNDER RUN 1 is used to implement this counter. RO
0x07C TX_STAT_PAUSE_O TransmitPause Frame Statisti€ounter. RO
0x080 TX_STAT _PAUSE_1 Countsthe total number of PAUSE frames RO
transmitted. tx_statvec_of] is used to implement
this counter.
0x084 TX_STAT_VLN_TG_O TransmitVLAN Tagged Frame Statis@zsinter. RO
0x088 TX_STAT_VLN_TG_1 Countghe total number of VLARKagged frames RO
transmitted. tx_statvec_of] is used to implement
this counter.
0x08C TX_STAT_FRM_LNGTH_O Transmit Frame Length. RO
0x090 TX_STAT _FRM_LNGTH_1 Indicatesthe total numberof octetstransmittedin | RO
a particular frametx_statvec_o1:§ is used to
implement this counter.
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Offset Register Name Description Access
0x094 TX_STAT_DEFERRED_TRANS 0 Deferred Transmission Statisti€sunter. RO
0x098 TX STAT DEFERRED TRANS 1 tx_statvec_0[22]s used to implement this RO
- - - - counter.
0x09C TX_STAT_EXCESSIVE_DEFERRED_TR Excessive Deferred Transmission Statistics RO
0x0A0 TX_STAT_EXCESSIVE_DEFERRED_TR Counter.ix_statvec_o[23]s used to implement | Ro
this counter.
0x0A4 TX_STAT_LATE_COL_O Transmit Late Collision StatistiCeunter. RO
OX0A8 TX STAT LATE COL 1 tx_statvec_o[24]s used to implement this RO
B B B B counter.
0x0AC TX_STAT_EXCESSIVE_COL_O Transmit Excessive Collision Statigfiosinter. RO
0x0BO0 TX STAT EXCESSIVE COL 1 tx_statvec_o[25]s used to implement this RO
- - - counter.
0x0B4 TX_STAT_NUM_EARLY_COL 0 Transmit Number of Early Collisions. RO
0x0B8 TX STAT NUM EARLY COL 1 tx_statvec_0[29:26is used to implement this RO
- - - - counter.
0x0BC TX_STAT_SHRT_FRM_DIS FCS 0 Transmit Short Frame (FCS Disabled) Statistics| RO
0x0CO TX STAT SHRT FRM DIS FCS 1 Counter. Countthe total number of short frames | Ro
B B - - T transmitted while the FCS generation is disabled
tx_statvec_oB0Q] is used to implement this
counter.
0x0C4 TX_STAT_PTP1588_FRM_O Transmit PTP1588 Frame Statistic Counter. RO
0x0C8 TX_STAT _PTP1588 FRM_1 Counts the total number of PTP1588 frames RO
transmitted. tx_statvec_oB1] is used to
implement this counter.
0x0CC TX_STAT _FRM_64 0 TransmitFrame64 StatisticsCounter. RO
0x0DO0 TX_STAT_FRM_64_1 Countghe total numberof framestransmitted RO
with length equal to 64.
0x0D4 TX_STAT _FRM_65 127 0 TransmitFrame65- 127 StatisticsCounter.Counts | RO
0x0D8 TX STAT FRM 65 127 1 the total number of frames transmitted with RO
- B - length between 65 and 127.
0x0DC TX_STAT_FRM_128_255_0 TransmitFramel28-255 StatisticscCounter.Counts | RO
OX0EO TX STAT FRM 128 255 1 the total number of frames transmitted with RO
- B - length between 128 and 255.
OxOE4 TX_STAT_FRM_256_511_0 TransmitFrame256-511 StatisticsxCounter.Counts | RO
OX0E8 TX STAT FRM 256 511 1 the total number of frames transmitted with RO
- - - 0T length between 256 and 511.
Ox0EC TX _STAT _FRM_512 1023 0 TransmitFrame512-1023StatisticsCounter. RO
OX0FO0 TX STAT FRM 512 1023 1 Countsthe total number of frames transmitted RO
- - - - with length between 512 and 1023.
O0x0F4 TX_STAT_FRM_1024 1518 0 TransmitFramel0241518StatisticsCounter. RO
OxOF8 TX STAT FRM 1024 1518 1 Counts the total number of frames transmitted RO
- B - - - with length between 1024 and 1518.
Ox0FC TX_STAT_FRM_1519 2047_0 TransmitFramel519-2047StatisticsCounter. RO
0x100 TX STAT FRM 1519 2047 1 Counts the total number of frames transmitted RO
- - - - - with length between 1024 and 2047.
0x104 TX_STAT_FRM_2048_4095_0 TransmitFrame20484095StatisticsCounter. RO
0x108 TX STAT FRM 2048 4095 1 Counts the total number of frames transmitted | Ro
B B B B - with length between 2048 and 4095.
0x10C TX_STAT_FRM_4096_9216 0 TransmitFrame4096-9216StatisticCounter. RO
0x110 TX STAT FRM 4096 9216 1 Counts the total number of frames transmitted | Ro
B B B B - with length between 4096 and 9216.
0x114 TX_STAT_FRM_9217_16383_0 TransmitFrame9217-16383StatisticsCounter. RO
0x118 TX STAT FRM 9217 16383 1 Counts the total number of frames transmitted RO

with length between 9217 and 16383.
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Offset Register Name Description Access
0x11C RX_STAT_FRM_LNGTH_O Receive Frame Length. RO
0x120 RX_STAT FRM_LNGTH_1 Indicatesthe total numberof octetsreceivedin a RO
particular frame. rx_stat_vector_o [15:0] is used
implement this counter.
0x124 RX_STAT_VLN_TG_O Receive/LAN Tagged Frame Statis@aainter. RO
0x128 RX_STAT_VLN_TG_1 Countsgthe total number of VLAKagged frames RO
received. rx_stat_vector_o [16] is used to
implement this counter.
0x12C RX_STAT_PAUSE_O Receivd?ause Frame Statisti€ounter. RO
0x130 RX_STAT_PAUSE_1 Countghe total number of PAUSE frames RO
received. rx_stat_vector_o [17] is used to
implement this counter.
0x134 RX_STAT_CTRL_O ReceiveControl Frame StatisticSounter. RO
0x138 RX_STAT_CTRL_1 Countgthe total number of control frames RO
received. rx_stat_vector_o [18] is used to
implement this counter.
0x13C RX_STAT_UNSP_OPCODE_O0 ReceivéJnsupported Opcode Statisti€ounter. RO
0x140 RX_STAT_UNSP_OPCODE_1 Countsthe total number of unsupported opcodes| RO
of the received control frames. rx_stat_vector_o
[19] is used to implement this counter.
0x144 RX_STAT_DRIBB_NIBB_0 ReceiveDribble Nibble StatisticSounter. RO
0x148 RX STAT DRIBB NIBB 1 rx_stat_vector_o [20] is used to implement this | Ro
B B - - counter.
0x14C RX_STAT_BRDCST_O ReceiveBroadcast Frame Statisti€ounter. RO
0x150 RX_STAT_BRDCST_1 Countsgthe total number of broadcast frames RO
received. rx_stat_vector_o [21] is used to
implement this counter.
0x154 RX_STAT_MULTCST_O ReceiveMulticast Frame StatistidSounter. RO
0x158 RX_STAT_MULTCST 1 Countghe total number of multicast frames RO
received. rx_stat_vector_o [22] is used to
implement this counter.
0x15C RX_STAT_UNICST_O ReceivdJnicast Frame Statisti€ounter. RO
0x160 RX_STAT_UNICST_1 Countsthe total number of unicast frames RO
received.
0x164 RX_STAT_RCVD_OK_0 ReceiveOK Statistic€ounter. RO
0x168 RX_STAT _RCVD_OK_1 Countghe total number of frames received RO
without any error. rx_stat_vector_o [23] is used t
implement this counter.
0x16C RX_STAT_LNGTH_ERR_O Receive_ength Check Error Frame Statistics RO
0x170 RX_STAT_LNGTH_ERR_1 Counter. RO
Countghe total number of frames received with
length check error. rx_stat_vector_o [24] is used
to implement this counter.
0x174 RX_STAT _CRC_ERR_O ReceiveCRC Error Frame Statistidsunter. RO
0x178 RX_STAT _CRC_ERR_1 Countsgthe total number of frames received with | RO
CRC error. rx_stat_vector_o [25] is used to
implement this counter.
0x17C RX_STAT_PKT_IGNORE_O ReceivePacket Ignored Statisti€zounter. RO
0x180 RX_STAT_PKT_IGNORE_1 Countsgthe total number of packets ignored. RO
rx_stat_vector_o [26] is used to implement this
counter.
0x184 RX_STAT_PREVIOUS_CARRIER_EVEN ReceiveCarrier Event Previously Seen Statistics | RO
0x188 RX_STAT_PREVIOUS_CARRIER_EVEN Counter. RO

Countghe total number of previous frames
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Offset

Register Name

Description

Access

received with a carrier event detected.
rx_stat_vector_o [27] is used to implement this
counter.

0x18C

RX_STAT_PTP1588_FRM 0

0x190

RX_STAT_PTP1588 FRM_1

ReceivéePTP1588 Frame StatistiCsunter.

RO

Countsthe total number of control frames
received. rx_stat_vector_o [28] is used to
implement this counter.

RO

0x194

RX_STAT_IPG_VIOL_0

0x198

RX_STAT_IPG_VIOL_1

ReceivdPG Violation Frame StatistiCsunter.

RO

Countghe total number of frames received with
IPG violation. rx_stat_vector_o [29] is used to
implement this counter.

RO

0x19C

RX_STAT_SHRT_FRM_ 0

O0x1A0

RX_STAT_SHRT_FRM_1

ReceiveShort Frame StatisticSounter.

RO

Countgthe total number of short frames received
rx_stat_vector_o [30] is used to implement this
counter.

RO

0x1A4

RX_STAT_LNG_FRM_0

Ox1A8

RX_STAT_LNG_FRM_1

Receivd.ong Frame Statisti€ounter.

RO

Countsgthe total number of long frames received.
rx_stat_vector_o [31] is used to implement this
counter.

RO

O0x1AC

RX_STAT_FRM_UNDERSIZE_O

0x1BO

RX_STAT_FRM_UNDERSIZE_1

ReceivdJndersize Frame Statisti€spunter.

RO

Counts the number of frames received that were
less than 64 octets long and were otherwise wel
formed.

RO

0x1B4

RX_STAT_FRM_FRAGMENTS_0

0x1B8

RX_STAT_FRM_FRAGMENTS_1

Receive Frame Fragments Statistics Counter.

RO

Counts the number of frames received with less
than 64 octets in length and has eithar BCS
error or an Alignment error. rx_stat_vector_o
[15:0] and rx_stat_vector_o [25] is used to
implement this counter.

RO

0x1BC

RX_STAT_FRM_JABBER_0

0x1CO0

RX_STAT_FRM_JABBER_1

Receive Frame Jabbers Statistics Counter. Cou

RO

the number of frames received with length longe
than 1518 octets and has eithen&CS error or an
Alignment error. rx_stat_vector_o [15:0] and
rx_stat_vector_o [25] is used to implement this
counter.

RO

0x1C4

RX_STAT_FRM_64_GOOD_CRC_0

0x1C8

RX_STAT_FRM_64_GOOD_CRC_1

Receive Packet 64 With Good CRC Statistics

RO

Counter.

Counts the number of packets received wéth
lengthless than 64 and with a god&ZRC
rx_stat_vector_o [15:0] and rx_stat_vector_o [25
is used to implement this counter.

RO

0x1CC

RX_STAT_FRM_1518 GOOD_CRC_0

0x1D0

RX_STAT_FRM_1518 GOOD_CRC_1

Receive Frame 15Mith Good CRC Statistics

RO

Counter.

Counts the number of frames received with leng
more than 1518 and with a goddRC
rx_stat_vector_o [15:0] and rx_stat_vector_o [25
is used to implement this counter.

RO

0x1D4

RX_STAT_FRM_64 0

0x1D8

RX_STAT_FRM 64 1

ReceivdFrame64 StatisticsCounter.

RO

Countgthe total numberof framesreceivedwith
length equal to 64.

RO

0x1DC

RX_STAT_FRM_65 127 0

Ox1EO

RX_STAT_FRM_65_127 1

ReceivedFrame65- 127 StatisticsCounter.Counts

RO

the total number of frames received with length
between 65 and 127.

RO

Ox1E4

RX_STAT_FRM_128 255 0

Ox1E8

RX_STAT_FRM_128 255 1

ReceivéFramel28-255 StatisticsCounter.Counts

RO

the total number of frames received with length

RO

winnetatticesemi.com/legal



http://www.latticesemi.com/legal

= LATTICE

Offset Register Name Description Access
between 128 and 255.

Ox1EC RX_STAT_FRM_256 511 0 Receivd-rame256-511 StatisticscCounter.Counts | RO
Ox1FO RX STAT FRM 256 511 1 the total number of frames received with length | ro

- - - T between 256 and 511.
Ox1F4 RX_STAT_FRM_512 1023 0 Receivd-rame512-1023StatisticsCounter.Counts | RO
Ox1F8 RX STAT FRM 512 1023 1 the total number of frames received with length | ro

B B - B between 512 and 1023.

O0x1FC RX_STAT_FRM_1024_1518_0 Receivd-ramel024-1518StatisticiCounter. RO
0x200 RX STAT FRM 1024 1518 1 Counts the total number of frames received with| Ro
B B B B B length between 1024 and 1518.
0x204 RX_STAT_FRM_1519 2047_0 Receivd-ramel519-2047StatisticiCounter. RO
0x208 RX STAT FRM 1519 2047 1 Counts the total number of frames received with| ro
- - - - - length between 1024 and 2047.
0x20C RX_STAT_FRM_2048 4095 0 Receivd-rame20484095StatisticsCounter. RO
0x210 RX STAT FRM 2048 4095 1 Counts the total number of frames received with| ro
- - - - - length between 2048 and 4095.
0x214 RX_STAT_FRM_4096 9216 0 Receivd-rame4096-9216StatisticsCounter. RO
0x218 RX STAT FRM 4096 9216 1 Counts the total number of frames received with| Ro
B B B B - length between 4096 and 9216.
0x21C RX_STAT_FRM_9217_16383_0 Receivd-rame9217-16383StatisticCounter. RO
0x220 RX STAT FRM 9217 16383 1 Counts the total number of frames received with| Ro
B B B B B length between 9217 and 16383.
0x224 TX_STAT_PKT_LNGTH_ACC_O Transmit Accumulation Byte Statistic Counter. | RO
0x228 TX STAT PKT LNGTH ACC 1 Count and accumulate the total packet length thi ro

- -7 -7 will receive from AXIS interface and transmit to
the corresponding Ml interface. The counter will
roll over to O if full.
0x22C RX_STAT_PKT_LNGTH_ACC_O Receive Accumulation Byte Statistic Counter. RO
0x230 RX STAT PKT LNGTH ACC 1 Count and accumulate the total packet length thi ro
- - - B will receive from corresponding Ml interface and
transmit to AXIS interfac&he ounter will not
increase if the received packet is discarded by
MAC. The counter will roll over to O if full.

5.19. [0x400¢ 0xX50C]SGMIland Gb EthernetPCS Soft IRegister

For MAC + PHXonfiguration,the SGMII and Gb Ethernet PCS soit Bmbeddedas part of theTSHP, theregister
access of the P@@rformed viahost interface of theT SHP. Each addressffsetin the TSE MA@Gost interfaceis
mapped totwo addresses in the SGMihd Gb Ethernet PGpace Single read/write accessith the TSHP (MAQ host
interfacewill accesgwo addressesn the PCS registers according to address mapping shoWabile5.23.

For exampleif you perform a register readccesgrom address 0x0408f TSHP MAQ host interface the 32bit host
interface read dataignalwill contain valusfrom the AdvertisedAbility register(offset: 0x004 as lower 16bit of read
data signabnd Link Partner Ability register (offset: 0x0@S)upper 1&vit of read data signal frorthe PCS.

If youperform a register write access to address 0x0440SHP MAQ host interface, the 3it host interface write
data signal must contain values fe€S ControldgisterO (offset: Ox@0) asthe lower 16-bit of write data signal and
PCS Contrdtegisterl (offset: Ox@1) as upper 1&it of write data signato the PCS.

For more information onPCS registersefer tothe SGMIl and Gb Ethernet PCS Soft IP Registéion.
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Table5.23. Register Address Mapping &GMIl and Gb Ethernet PCS

MAC Address PCSAddress MACHost Interface 3zbit Data
0x0400 0x000 [15:0]
0x001 [31:16]
0x0408 0x004 [15:0]
0x005 [31:16]
0x040C 0x006 [15:0]
0x041C 0x00E [15:0]
0x00F [31:16]
0x0440 0x020 [15:0]
0x021 [31:16]
0x0450 0x029 [31:16]
0x0454 0x02A [15:0]
0x02B [31:16]

5.20. SGMII and Gb Ethernet PCS Soft IP Register

List ofregisters for the SGMII only mode selection. Same registers will persist for the MAC + SGMII option, and can be
accessed via the offsets as describethim[0x400¢ 0x50C]SGMlland Gb EthernefCS Soft IRegistersection.

This section provides detailed descriptions of SGMII data registers. Note that registers that are not available are
highlighted in gray.

The table below listthe register address maghat specifies the available IP core registers.
Tableb.24. Register Address Map

Offset Register Name Description
0x000 Control Register
0x001 Status Register These are five management registers specified in IEEE 802.3, 4
0x004 Advertised Ability 37 ¢ Control, Status, Auto Negotiation Advertisement, Link Partn
0x005 Link Partner Ability Ability, Auto Negotiation Expansion, and Extended Status. The
0x006 Auto Negotiation Expansion Register register set is accessible throutite LMMI or MDIO interface.
Ox00F Extended Status Register
Switches between SGMII Core management ports and internal
0x00E Configuration Source Control Register| configuration registers. This register is accessible thrabgh.MMI
or MDIO interface.
0x010¢ 0x01C | Reserved Do not use.
. PCS Debugging Control Register 0. This register is only accessi
0x020 PCS Control Register 0 throughthe LMMI interface.
. PCS Debugging Control Register 1. This register is only accessi
0x021 PCS Control Register 1 throughthe LMMI interface.
0x029 PCS Status Register 9 RX, TX,anq CTC FIFO Status. This register is only accessible thr
the LMMI interface.
. PCS Debugging Control Register 10. This register is only accesg
0x02A PCS Control Register 10 throughthe LMMI interface.
. PCS Debugging Control Register 11. This register is only accesg
0x02B PCS Control Register 11 throughthe LMMI interface.
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5.20.1.[0x000] AutoNegotiation Control Register

Table5.25. Control Register
Field Name Access| Width | Description Default
15 Reset RW 1 1 ¢ Reset (seitlearing) MQO3O n
0 ¢ Normal operation
This register is equivalent to mr_main_reset_|i.
14 Loopback RwW 1 1 ¢ Loopback MQO n
0 ¢ Normal operation
This register is equivalent to force_loopback_i.
13 Speed Selection[0] RW 1 Combined with bit[6] to form it vector MQO3O n
Speed Selection [1:0] = 11 = reserved
Speed Selection [1:0] = 10 €bps
Speed Selection [1:0] = 01 = 1@Bps
Speed Selection [1:0] = 00 = Mbps
In GbE Mode, Speed Selection [1:0] is stuckOat 1Gbps.
In SGMII Mode, the Speed Selection [1:0] bits can be wri
to any value.
12 Auto Neg Enable RW 1 1¢Enable MQO M
0¢ Disable
11 Power Down RW 1 1¢Enable MQO N
0¢ Disable
This feature is not supported.
10 Isolate RW 1 1¢lsolate MQO N
0 ¢ Normal operation
This register is equivalent to force_isolate_i.
9 Restart Auto Neg RW 1 1 ¢ Restart autenegotiation MQO n
0 ¢ Normal operation
This register is equivalent to mr_an_restart_i.
8 Duplex Mode RO 1 1 ¢ Full Duplex MQJO M
0 ¢ Half Duplex
Note that the setting of this bit has no effect on the
operation of the PCS channel. The PCS channel is alway
4-wire interface with separate TX and RX datapaths.
7 Collision Test RO 1 1 ¢ Enable test MQO N
0 ¢ Normal operation
This register is dependenn bit[14] or force_loopback_i.
Setting this bit only takeeffect when bit[14] or
force_loopback_i is asserted.
6 Speed Selection[1] RW 1 Combined with bit [13] to form the-Bit vector Speed MQJO M
Selection [1:0]
5 Unidirectional RW 1 1 ¢ Loopback MQO N
0 ¢ Normal operation
This register is equivalent to force_unidir_i.
4:0 T RSVD | 5 T pQKn
5.20.2.[0x001] AutoNegotiation Status Register
Table5.26. Status Register
Bit Field | Name Access| Width | Description Default
15 100BASH4 RO 1 0 ¢ Not supported MQO N
14 100BASK Full Duplex RO 1 0 ¢ Not supported MQOJ n
13 100BASK Half Duplex RO 1 0 ¢ Not supported MQO n
12 10 Mbps Full Duplex RO 1 0 ¢ Not supported MQO N
11 10 Mbps Half Duplex RO 1 0 ¢ Not supported MQO3O N
10 100BASH 2 Full Duplex RO 1 0 ¢ Not supported MQO N
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Bit Field | Name Access| Width | Description Default

9 100BASH 2 Half Duplex RO 1 0 ¢ Not supported MQO n

8 Extended Status RO 1 1 ¢ Supported MQO M

7 Unidirectional Capability | RO 1 16 Supported MQO n
0 ¢ Not supported

6 MF Preamble Suppress RO 1 0 ¢ Not supported MQO3O n
1¢ Complete

5 Auto Neg Complete RO 1 0 ¢ Not complete MQO N
Ignore this bitif AN is disabled.

4 Remote Fault RO 0 ¢ Not supported MQO3O n

3 Auto Neg Ability RO 1 1 ¢ Supported MQO M
1¢Link Up

. 0¢ Link Downdr has been dow)

2 Link Status RO 1 Lz:tcheson 0if Sink Status goes)::iowA. MQO N
subsequent read operation clears the latch

1 Jabber Detect RO 1 0 ¢ Not supported MQOn

0 Extended Capability RO 0 ¢ Not supported M QO

5.20.3.[0x004] AutoNegotiation Advertised Ability Register
Table5.27. For PCSGbE

Bit Field

Name

Access

Width

Description

Default

15

Next Page RW

The Base Page and subsequent Next Pages may set the
to a logic one to request Next Page transmission. Subseq
Next Pages may set the NP bit to a logic zero to communi
that there is no more Next Page information to be sent (se
Clause 37.2.4.8f IEEE 802.3). A device may implement Ne
Page ability and choose not to engage in a Next Page
exchange by setting the NP bit to a logic zero. This feature
not supported.

This bit should always be 0.

MQO n

14

Acknowledge

RW

The Ack bit is used by the Adidegotiation function to
indicate that a device has successfully received its
fAY] LIENIYSND&E o6F&aS 2N bSH

MQO M

13:12

Remote Fault RW

The Remote Fault function may indicate to the link partner
that a fault or error condition has occurred.
0¢ No error, link OK (default)

1 ¢ Offline

2 ¢ Link Failure

3 ¢ Auto-Negotiation Error

HQO N J

11:9

RSVD | 3

T

0 Q0 Ny

8.7

Pause RW

Pause provides a pause capability exchange mechanism.
0¢ No PAUSE

1 ¢ Asymmetric PAUSE toward link partner

2 ¢ Symmetric PAUSE

3 ¢ Both Symmetric PAUSE and

Asymmetric PAUSE toward local device

HQO nJ

Half Duplex RW

Half Duplex Capability

&)]

Full Duplex RW

Full Duplex Capability

MQO N

T

RSVD

T

p QO
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Table5.28. For PCS=SGM?IHY¥Side
Bit Field | Name Access| Width | Description Default
. 1qLinkU _
15 Link Status RW |1 02 e Dgwn MQG N
The Ack bit is used by the Aditegotiation function to
14 Acknowledge RW 1 indicatg thaE a device has sucgessfully receiAvgd jts link | MQO Mm
LI NIySNRa oFasS 2NJ bSEG tF
13 T RSVD | 1 T MQO N
1 ¢ Full Duplex _
12 Duplex Mode RW |1 02 Lo Du‘;’)lex MQG N
11¢ Reserved
11:10 Speed RW 2 égz i(i)bl\F/)IZps HQO N
00¢ 10Mbps
9:0 1 RO 10 #Ffdz2STmnQKnnawm Ma QK
Table5.29. For PCS=SGMWAGSide
Bit Field | Name Access| Width | Description Default
15:0 T RO 16 £t dz2STmMcQKnnnwm g'lCQKr
5.20.4[0x005] AutoNegotiation Link Partner Ability
Table5.30. For PG=GbE
Bit Field | Name Access| Width | Description Default
RO 1 The Base Page and subsequent Next Pages may set thel m Q0 n
bit to a logic one to request Next Pagiansmission.
Subsequent Next Pages may set the NP bit to a logic zer
15 Next Page communicate that there is no more Next Page informatiof
to be sent (see Clause 37.2.4.3 of IEEE 802.3). A device
implement Next Page ability and choose not to engage in
Next Pge exchange by setting the NP bit to a logic zero.
RO 1 The Ack bit is used by the Adltegotiation function to MQO N
14 Acknowledge indicate that a device has successfully received its
fAY]l LINIYySNR&E o0FasS 2N bSi
RO 2 The Remote Fault function may indicate to the link parthg H Q6 n 1
that a fault or error condition has occurred.
13:12 Remote Fault (1)2 (Nj?ﬂ;rgor’ link OK (default
2 ¢ Link Failure
3 ¢ Auto-Negotiation Error
11:9 T RSVD | 3 T 0 Q0 N
RO 2 Pause provides a pause capability HQO nJ
exchange mechanism.
0¢ No PAUSE
8.7 Pause 1 ¢ Asymmetric PAUSE toward link partner
2 ¢ Symmetric PAUSE
3 ¢ Both Symmetric PAUSE and
Asymmetric PAUSE toward local device
6 Half Duplex RO 1 Halfduplexcapability. MQO N
5 Full Duplex RO 1 Fullduplexcapability. MQOo
4:0 T RSVD T p QO n
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Table5.31. For PCSSGMIIPHY¥Side
Bit Field | Name Access| Width | Description Default
. RO 1 1¢Link Up MQO3O N
15 Link Status 0 Link Down
RO 1 The Ack bit is used by the Aditdegotiation function to MQO N
14 Acknowledge indicate that a device has successfully received its
tAyl LINIYySNRa o6Fas 2N bS$s
13 T RSVD | 1 T MQO N
RO 1 1 ¢ Full Duplex M Q0
12 Duplex Mode 0 Half Duplex
RO 2 11¢ Reserved HQO N
) 10¢ 1 Gbps
11:10 Speed 01 100Mbps
00¢ 10Mbps
9:0 T RO 10 #Ffdz2STmnQKnnawm Ma QK
5.20.5. [0x006]Auto Negotiation Expansion Register
Table5.32. Auto-Negotiation Expansion Register
Bit Field | Name Access| Width | Description Default
15:3 T RSVD | 13 T MO0 QK 7
2 Next Page Able RO 1 0 ¢ Not supported MQO N
. RO 1 ¢ Received MQO N
L Page Received 0 ¢ Not received latch on 1, clear on read
0 T RSVD | 1 T MQO N
5.20.6.[0x00F] AuteNegotiation Extended Status Register
Table5.33. Auto-Negotiation Extended Status Register
Bit Field | Name Access| Width | Description Default
15 1000BASK Full Duplex| RO 1 1 ¢ Supported MQO M
14 1000BASK Half Duplex; RO 1 0 ¢ Not supported MQO N
13 1000BASH Full Duplex| RO 1 0 ¢ Not supported MQO N
12 1000BASH Half Duplex| RO 1 0 ¢ Not supported MQO N
11:0 T RSVD | 12 T MH QK1
5.20.7.[0x00E] Configuration Source Control Register for Adtegotiation
Table5.34. Configuration Source Control Register
Bit Field | Name Access| Width | Description Default
15:1 T RSVD | 15 T Mp QK n
Select the Configuration Sourfmr Auto-Negotiation
0 ¢ From Management Portsnr_* ports
0 config_source RW 1 1 ¢ FromAuto-NegotiationProgrammable Registers MOB N
[0x000]¢ [0x00F]
*Note: This method of using management ports is not
validated in Avant devices.
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5.20.8.[0x020]PCS Control Register 0

Table5.35. PControl Registed

= LATTICE

Bit Field | Name Access| Width | Description Default
15 enable_cgalign RwW 1 1 ¢ Enable/restart code group alignment MQO M
0 ¢ Disable code group alignment
This bit is only valid when Ism_disable = 1.
Note: The IRcore ignoresany value of this bit because
Ism_eca of PCS Control Register 10 is always enable
14:13 T RSVD | 2 T HQO nn
RW 1 Auto-negotiation enable. M QO
12 ge_an_enable 1 ¢ Enables the feature
0 ¢ Disables the feature
11:0 T RSVD | 12 T MHQK
5.20.9. [0x021] PCS Control Register 1
Table5.36. PCS Control Registér
Bit Field | Name Access| Width | Description Default
15 T RSVD | 1 T MQO N
14 sh_bypass RW 1 Thls_bltmustalways pe active (1). Deactivation break| MOS M
the link. For debugging purpose only.
1312 T RSVD | 2 T 20 ®n
This bitmustalways be inactive (0). Activation exclgd
11 enc_bypass RW 1 the encoder fronthe TXpath. For debugging purpose| M Q0 n
only.
10 T RSVD | 1 T MQO N
1 ¢ Bypass PCS TX gear box
0 ¢ Enable PCS TX gear box
9 tx_gear_bypass RW 1 MQOJO M
This bitmustalways be active (1). Deactivation break
the link.
Activates R-TXloopback. Loopback activation must i
done at least 500 ns before tx_en activation and
removed later than at least 500 ns after tx_en drop (
8 fb_loopback RW 1 core txrx latency delay). This makes the transition | m Q0 n
from loopback to normal mode seamless.
When this bit is enabledyoumust ignore data coming
out fromthe RX MAC.
1 ¢ Disable RX link synchronizer. When RX link
synchronizer is disabled, user must manually control
the word alignment through enable_cgalign bit of PC
Control Register 0.
0 ¢ Enable RX link synchronizer
7 lsm_disable RW 1 When this bit is set, Is_sync_status of PCS Control MOG N

Register9sl ft gl €a mMQOoOMOD

This bit is only valid when Ism_eca of PCS Control
Register 10 is disabled.

Note: The IRcore ignoresany value of this bit because
Ism_eca of PCS Control Register 10 is always enabl
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Bit Field | Name Access| Width | Description Default
1 ¢ Force to enable/restart RX link synchronization
6 signal_detect RW 1 0 ¢ Start of link synchronizatiois dependent on the MQO N
Link Status (bit[2] of Status Register).
This bitmustalways be active (1). Deactivation break
5 rx_gear_bypass RW 1 the RXlink. 1 161
This bitmustalways be active (1Ptherwise,
4 ctc_bypass RW 1 additional CT®@ addednto the RXpath, which is MQO3O M
necessary when SGMII is in the Gigabit Ethernet Mg
This bitmustalways be inactive (OPtherwise, it
3 dec_bypass RW ! breaks the link. For debuggipgrposes MQon
This bitmustalways be inactive (OPtherwise, it
2 wa_bypass RW ! breaks the link. For debuggipgrrposes MQon
1:0 T RSVD | 2 T HQO NN
5.20.10.[0x029] PCS Control Registér
Table5.37. PCS Control Register 9
Bit Field | Name Access | Width | Description Default
15:11 T RSVD | 6 T T QK n J
107 align_status RO 4 Word alllgnment statug number of bits that the input hag n Q K n
been shifted
RO 1 Link synchronization status MQO N
6 Is_sync_status 1 ¢ Link synchronization achieved
0 ¢ Link synchronization not yet achieved
5 rstb_rxf RO 1 Receiver reset pulse MQO N
4 rstb_txf RO 1 Transmitter reset pulse MQO N
3:0 T RSVD T nQK~n
5.20.11.[0x02A] PCS Control Registé&
Table5.38. PCS Control Register 10
Bit Field | Name Access| Width | Description Default
15 Ism_eca RW 1 Enables code group alignment regardlestsof_disableand | M Q0 m
fc_mode
This bitmustalways be 1 for this IP core.
14:13 T RSVD | 2 T 2Q@
RW 1 1 ¢ Bitslip word alignment mode MQO N
12 wa_mode 0 ¢ Barrel shift word alignment mode
This bitmustalways be 0 for this I€ore.
11:10 T RSVD | 2 T H 7l
RW 1 1 ¢ Fiber channel link synchronization M
9 fc_mode 0 ¢ 1000BASEX link synchronizatian
This bitmustalways be 0 for this I€ore.
8:0 T RSVD | 9 T 9Q K01 n
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6. Example Design

TheTri-Speed EtherneP example design allows you to compile, simulate, and tesTth®peed EthernetP on the
following Lattice evaluation boards:

1 AvantEEvaluation Board

1 AvantG/X Versa Board

1 CertusPreNX Versa Board

1 CertusPreNX Evaluation Board

6.1. Design Boards and Ethernet FMC Overview

The Lattice Semiconductor evaluation board allows you to investigatexgmefiment with the features of the FPGA
device.The features ofhe evaluation board can assist you with rapid prototyping and testing of your specific design

6.1.1. Avant-E Evaluation Board

SPI Flash 7-Segment LEDs PMOD Connectors

Mini USB

FTDI Chip Power LEDs

FMC1 Connecto LPDDR4 Memory

Platform Manager 2

Main Power Switch

7NN TR
T 1o peoa Fsn wax ®
T o ook _noaT X
% L 1

e ot ot | - ; =
oy " w || - 2.3 12 V DC Power Jack

5 oM v s

1/0 Extended Area

Pushbuttons FMC2 Connector

Figure6.1. Top View of AvaniE Evaluation Board

For more information on Avant Evaluation Board, refer to Avant Evaluation Board User Guide (FFEER82057)
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6.1.2. AvantG/X Versa Board

The AvanG/X Versa Board features the AvakiFG/X FPGA in the LFG1156 package. The board can expand the
usability of the Avanrtz/X FPGA with FMC+, SFP28. QSFP28, and Raspberry Pi connectiaraidedsyard resources
of the jumpers, LED indicators, imittons, and switches are available for various udefined applications.

FTDI Chip Avant FPGA FAN Connector

PMOD Connectors

8-Segment LEDs
Synchronizer Chip LEDs

SPI Flash DDR5 SODIMM
Figure6.2. Top View ofthe Avant-G/X Versa Board
For more information on the Avai®/X Versa Board, refer to thevantG/X Versa Board User Guide (FFEB®2063)

6.1.3. CertusPreNX Versa Board

GPIO and Flash adicit
Headers (J118) ADC Headt S-0igi
Switches Camera  FMODOL LPDDF anq jumpe Display

ITAG Header (33 " q1v"|  connector (137, (J6465)  (U7)  (326.20) (D6O)

ADC_DPO (J2! Raspberry Pi Connector (J23)

..... —— ' - P LRSS - poT (R143)
DONE and : wor—rt 3
Indicator LEDs
(D106) 122/5\?\;)6u)rce
usSB3Out _|
(J61)
12V in (J44)
U(ﬁ?é)m SPI Flash (U5)
8 1Gb SFP
1Gb SFP J16)
(315)
= 10Gb SFP
10Gb SFP (313)
(912) -

PCle RC
PCle Edge LFCPNX oo LFCPNX SERDES
Connector  (U1) - (X1) Connectors (J21)

(G Indicator LEDs

(D6368, D104105)

Figure6.3. Top View of CertusPrdX Versa Board

For details on the CertusPiX Versa Board, refer to th@ertusPreNX Versa Board User Guide (FFER82053)

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are amwenetatticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificatiiiesraation herein are subject to change without notice.

FPGAPUG020842.6 109


http://www.latticesemi.com/legal
https://www.latticesemi.com/view_document?document_id=54169
https://www.latticesemi.com/view_document?document_id=53482

Tri-Speed Ethernet IP

User Guide ....LATT’CE

6.1.4. CertusPreNX Evaluation Board

SERDES SMAs DC Power Supply

12 V DC Power Ja

1/0 Extended Area
Power LED _ AW 2 :

User LED

Main DC Power Supp

FMC Connector

SPI Flas
CertusPreNX FPG

Mini USB

1§}

SMAL/SM2
, ‘ DIP Switch
FTDI Chi = Swite

2 (\ .' :‘
Potentiometer 5

|

ADC Test Header PMOD Connectors Pushbuttons

Figure6.4. Top View of CertusPrdiX Evaluation Board

For more information on CertusPi¢$X Evaluation Board, refer to ti@ertusPreNX Evaluation Board User Guide
(FPGAEB02046)
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6.1.5. Ethernet FMC Module

The EtherneFPGA Mezzanine CafeMC)is an adeon or expansion board foFPGAand Soased development
boards. The mezzanine card haséMarvell 88E151x Gigabit Ethernet PHY's to profade ports of gigabit Ethernet
connectivity to the carrier development board.

Lowpin Count
FMC Connector

125 MHz MEMS

= 3 g = Oscillator
C€ G -
n O O : -:)

4X Marvell 88E151x
Gigabit Ethernet PH

&
o)
3]

VR g a g p 3 g opgopaggogoggzgag G

2K EEPROM

Quadport RJ45
Connector

Port 3 Port 2 Port 1 Port O

Figure6.5. Top View of Ethernet FMC

Formore information on Ethernet FMC, refer to tl#hernet FMQvebsite.

6.2. Example Design Supported Configuration

Thissection provides information on how to usiee TriSpeed Ethernet IRith the following example designs:

1 RGMII example design on AvdbEvaluation BoardCertusPreNX EaluationBoardwith external PHY using FMC
card cable loopback.

1 RMIl example design on CertusiiX Versa Board

1 SGMIKLVD¥example design on Avaid/X Versa Board with PCS loopback.

1 SGMI(SERES example design on CertusPRX Versa Boaradnd AvantX Versa Board with SFP loopback

Table6.1. TSHP Configuration Supported by Example Design

TSE IP GUI Example Design

Parameter RGMII Design RMII Design SGMII(LVD$Design SGMII(SERDE®esign

Device AvantE, CertusPriN X CertusPreNX AvantG/X AvantX, CertusPreNX

PHY External PHY with FMC | T T SFP+ Transceiver modul
card

IP Option MAC only MAC only MAC + SGM(LVDS) MAC + SGM(EERDES

Operating Option | RGMII RMII Multi-rate SGMII Multi-rate SGMII

Ethernet Ethernet
Host Interface APB APB APB APB
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TSE IP GUI Example Design

Parameter RGMII Design RMII Design SGMII(LVD$Design SGMII(SERDEDesign
Include MIIM Checked T T T

Module

Enable Half Checked Checked Checked Checked
Duplex Module

Enable AXIS FIFQ Checked Checked Checked Checked
Functionality

Statistics Counter| Unchecked Unchecked Unchecked Unchecked
Registers

RX CTC Mode T T Dynamic Dynamic

6.3. RGMII Example Design

This section describes how to use theSpeed EthernetP RGMII example design on the Avaiitvaluation Boardnd
CertusPreNX Evaluation Board

6.3.1. Overview of the RGMII Example Designd Features

Key features of the example design include:

1 Trispeed selection including 1G, 100M, and 10M speethétop levelfile. Refer to thelmporting Versa Files into
a Projectsection.

1 Traffic generator and checker to generate data for transmission and perform checking in loopback.
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6.3.2. RGMIIExample Design Components

The following figure shows the block diagram of the example design. The example design features the 1G, 100M, and
10M with different PLL clock speeds. TR@MIl PHY ofMC module is configured via tMDIO ofTSEthrough APB,

mainly for operating speed configuration. TX RGMII CLK is generated from a PLL, while RX RGMII CLK is provided by PH
(FMC Module)Clock divider is usefdbr dividing PLL output clock to achieve lepeed clock for 10Mrhe required

clock frequency of RGMII CLKs are provided in thedbelow.

H 1
1
| FPGA |
i i
i PLL i
: «[owee? |
H 1
i Divide 4 and 2 for 10M speed i
H 1
1
i i
: n i
i i
E traffic_gen i
1
i i
| axis tx/rx E
| i
i 1
H 1
i v E
; i
. m . 1
E 125 MHz clk / axis tx/rx rgmii_tx_clk_i \ i
i v . ) i
i rgmii_rx_clk_il« |
| APB APB |
: :
i TSE IP (MAC) i
H 1
i MDIO i
H 1
H 1
: :
i rgmii_txd_o rgmii_rxd_i |
i \ rgmii_tx_ctl_o rgmii_tx_ctl_i / i
H 1
; |
: :
: :
o I N A NN i
APBf’. intgﬁaoetfor oy rgmii_txd rgmii_rxd )
configuring external rgmii_txctl rgmii_rxctl
speed negotiation gmi - RX RGMII CLK
d PHY (FMC Module)
Y, TX RGMII CLK
A
RJA5 Potto-Port
Cable Loopback
TX Clock (from PLL) Legends
1G speed = 125 MHz G Necessary block
100M speed = 25 MHz
10M speed = 20 MHz (divide 4 then divide 2 to achieve 2.5 MHz) Optional block

-traffic_gen is used for debug
RX Clock (sourced from external PHY) —
1G speed = 125 MHz i___1 FPGA
100M speed = 25 MHz

10M speed = 2.5 MHz

Figure6.6. RGMII_eval_top Block Diagrafor AvantE and CertusPrdX Devices
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TheRGMllexample design includes the following blocks:
Tri-Speed EtherneP

PHY (FMC Module)

PLL

ClockDivide

APB

Traffic_gen

=A =4 =4 -4 -4 -4

6.3.2.1. Tri-Speed EthernetP

TheTri-Speed EthernetP corecontainsall the necessary logic, interfacing, and clocking infrastructure to integrate an
external industrystandard Ethernet PHY with internal processor efficiently. It supports the ability to transmit and
receive data between standard interfaces, such as APB;Lite or AXl4.ite, and an Ethernet network.

6.3.2.2. PHY FMC Module

The Ethernet FPGA Mezzanine Q&M C)s an addon or expansion board for Avasii Evaluation Board. The
mezzanine card haséMarvel 88E151x Gigabit Ethernet PHYs to profode ports of gigabit Ethernet connectivity to
the carrier development board.

6.3.2.3. PLL

The phaselockedloop module is capable of frequency synthesis and clock phase management including clock injection
delay cancellation. It hatexibility of input and feedbackourceselections, multiple output selections, and
independent phaseshifting features.

6.3.2.4. ClockDivider

Clock dividers are provided to create the divietbalvn locks used with the gearing logic and to drive the primary clock
routing to the fabric.

6.3.2.5. APB

TheAdvanced Peripheral Bisthe standard interfacehat the TSHP coreusesto interface withthe host. The example
design includes APB wrapper to configure MAC and external PHY registers.

6.3.2.6. Traffic Gen

TheTraffic Generator block module is used to genettaddfic for transmission using AXi8tream Transmit and Receive
Interface. This module has data checker included, which pedairacking on the data received agaitis¢ data
transmitted.

6.4. RMII Example Design
This section describes how to use th8HP RMII example design time CertusPreNX Versa Board

6.4.1. Overview of RMII Example Design and Features

Key features of the example design include:
1 Trispeed selection including 100M, and 10M speed inttgelevelfile.
1 Traffic generator and checker to generate data for transmission and perform checking in loopback.
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6.4.2. RMIlI Example Design Components

\ rmii_tx_en_o rm ii_rx_crs_dv_u

1 1
| |
: FPGA 0sC i
! _ !
i e
i 50 MHz clk ——X i
! PLL i
! !
i i
1 1
i traffic_gen i
' 1
i axis tx/rx E
! !
| |
| e
i \ 4 v i
1

i axis tx/rx rmii_ref_clk_i i
| v / -0 T \ |
| |
H APB APB i
' 1
! TSE IP (MAC) !
| |
| |
! !
: rmii_txd_o rmii_rxd_i i
! !
| |
i e
l |

Legends

(] Necessary block

D Optional block v
-traffic_gen is used for debug HPIO Pin on

== CertusPreNX

... FPGA Device

HPIO Pin RMII
wire loopback

Figure6.7. RMII Block Diagranfor CertusPreNX Devices

The RMII example design includes the following blocks:
Tri-Speed Ethernet IP

0osC

PLL

APB

Traffic gen

=A =4 =8 =4 =4
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6.4.2.1. Tri-Speed EthernetP

The TSHP core contains all the necessary logic, interfacing, and clocking infrastructure to integrate an external
industry-standard Ethernet PHY with internal processor efficiently. It supports the ability to transmit and receive data
between standard interfacesuch as APB, AHIe, or AXI4Lite, and an Ethernet network.

6.4.2.2. 0OSC
The oscillatomoduleis designed to produce two clock signals that drive the FPGA clock tree.

6.4.2.3. PLL

The phasdocked loop module is capable of frequency synthesis and clock phase management including clock injection
delay cancellation. It hattexibility of input and feedback source selections, multiple output selections, and
independent phasehifting features.

6.4.2.4. APB
The Advanced Peripheral Bus is the standard interface thaT 8#P core uses to interface with the ho$he example
design includes APB wrapper to configure MAC registers.

6.4.2.5. Traffic gen

The Traffic Generator block module is used to generate traffic for transmission usin§tfedrh Transmit and Receive
interface. This modulencludesa datacheckerthat checkshe data received against the data transmitted.

6.5. SGMII Example Design

This section describes how to use th8HP SGMII example design the followingboards:
1 SGMIKLVD$for AvantX Versa Board
1 SGMI(SERDESor CertusPreNXVersa Board

6.5.1. Overview of SGMII Example Design and Features

Key features of the example design include:
1 Trispeed selection including 1G, 100M, and 10M speed usDP switch.
1 Traffic generator and checker to generate data for transmission and perform checking in loopback.
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6.5.2. SGMIILVDS andERDE&xample Design Components

OoSsC

] ———
| I
| FPGA i |
| o |
| PLL :
: I

|
I . I
: I
: traffic_gen :
| axis tx/rx  clk_i :
: 'y Y 250 MHz clk :
: I
| Y v :
I / axis tirx user_clk_o clk_i \ I
' clk_en_o I
: 250 MHz clk I

|
: v :
' APB APB TSE IP (MAC) |
: interface |

|
| I
: I
| K X RX / |
| I
| f |
I loopback I
| I
.  _ ]

PLL

250 MHz clock to TSE MAC clk_i

To configure lowspeed TSE, leverage clk_en_o and user_clk_o from TSE MAC to application to scale the clock
Legends

[:] Necessary block

Optional block

-traffic_gen is used for debug
___1 FPGA

Figure6.8. SGMIILVDS Example Desigtock Diagranfor AvantX Devices
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125 MHz clk
oscC CertusPreNX onboard
0oscC
- ——
| FPGA :
|
| |
| 125 MHz clk :
|
| |
| |
| _ 125 MHz clk |
| traffic_gen |
| |
| |
| 125 MHz clk |
\4 |
| ﬁms TX/RX u(jir_eci:kgo sd_pll_ref cIk_N |
| — = epcs_clkin_i |
| ! clk_i |
| APB APB TSE + SGMII (SERDES) |
| Interface |
|
| SERDES |
| K TX/RX / |
Y |
|
|
| |
- ] I
A
Legends
Necessary block SFP Transceiver
() Optional block
L_ ] FPGA

|

Serial
Loopback

Figure6.9. SGMII SERDES Example Design Block Didgra@ertusPreNX Devices
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156.25 MHz differential clock

pad_refclkn_i
pad_refclkp_i
o |
| FPGA |
| |
|
| 0sC :
| 320 MHz clk |
| |
: C' 125 MHz clk |
| PLL traffic_gen |
156.25 MHz ck |
: 125 MHz clk differential clk |
|
| v
| ﬁxis TX/RX user_clk_o pad_refclkn_i\ :
| clk_en_o pad_refclkp_i
| 125 MHzZ clk | ¢ | |
1 |
| TSE + SGMII (SERDES) |
| APB
APB
| Interface |
| SERDES |
| K TX/RX / |
| 7y |
| |
L |
A
Legends
Necessary block SFP Transceiver
[;] Optional block
__ ] FPGA

|

Serial
Loopback

Figure6.10. SGMII SERDES Example Design Block Diagralwdaoi-X Devices
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The SGMILVDS andERRDESxample design includes the following blocks:

1 TriSpeed EthernetP
1T OSC

1 PLL

1 APB

1 Traffic gen

6.5.2.1. Tri-Speed EthernetP

TheTri-Speed EthernetP corecontainsall the necessary logic, interfacing, and clocking infrastructure to integrate an
external industrystandard Ethernet PHY with internal processor efficiently. It supports the ability to transmit and
receive data between standard interfaces, such as APB;Lite or AXl4.ite, and an Ethernet network.

6.5.2.2. OSC
Oscillator module, designed to produce two clock signals that drive the FPGA clock tree.

6.5.2.3. PLL

The phaselockedloop module is capable of frequency synthesis and clock phase management including clock injection
delay cancellation. It hatexibility of input and feedback source selections, multiple output selections, and
independent phasehifting features.

6.5.2.4. APB

The Alvanced Peripheral Busthe standard interfacehat the TSHP coreusesto interface withthe host. The example
design includes APB wrapper to configure MAC registers.

6.5.2.5. Traffic gen

TheTraffic Generator block module is used to generate traffic for transmission usings&x#n Transmit and Receive
Interface. This module has data checker included, which pedohacking on the data received agaitis¢ data
transmitted.

6.6. UsingHardwareExample Design

This section provides information on how to generateexample design for theupported devicesSupported
hardware example desigrncludethe followingdevices:

Avant SGMILVD$

Avant SGMII (SERDES)

Avant RGMII

CertusPreNX RGMII

CertusPreNX RMII

CertusPreNX SGMSERDES)

=A =4 =4 -8 -4 -4
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6.6.1. Creating a New Radiant Project
To create a new project, follow these steps:

1. Ly GKS

Lattice Radiant Software - Start Page - o X
File Edit View Project Tools Window Help
New » [§ File.. CtideN
”~
=] e :
Open » Project... Ctrl+ShifteN O‘ o e
Add »
2
1 Close CtrlF4
Close All o)
8 E
T
B Saveall Ctrl+ShiftsS €
-
-
Recent Files »
RecentProjects , l @?H
Exit
—
New Project Open Project Open Example
Information Center
]
—
Getting Started Tutorials User Guides Support Center

Figure6.11. Project Creation

2. {LISONRERSOHf 20FME 2 SYSy il 2i A 2yyR @A |

I.
Iy R

MNew

Project Name
Enter a name for your project and specify a directory where the project data files
will be stored.

Project:
Name:

Local

Project will be created at C:/Users/

Implementation:
Name: impl_1
Location:

Project X

tion: ¥ | Browse...

Create subdirectory

< Back Cancel Help

RSOAOS T2NJ 0KS

LJF

Figure6.12. Project Name and Location

LINE2SOG oe
NI  y dzY o SN
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4, { St (BKEEE O 082 NEKEALILIZ NI SR KI NR g K KB (S B YikeEs0R GRE Iy
S@St2LSyid 1Al

LAVAT AvarHE70ESBLF@A156: RGMII

LFCPNXO0O9LFG672I: RGMII, RMBGMI[SERDES

R
1 LAVAT AvaniX703LF@156 or AvantG703LFG1156ISGMI(LVD$ SGMII (SERDES)
f
f

New Project

Select Device
Specify a target device for the project.

Select Device:
Family:

iCE4DUP (iCE40 UltraPlus)
LAV-AT (Avant)

LFCPNX (CertusPro-MNX)
LFD2ZNX (Certus-MX)
LFMXO035 (MachX03-NX)
LIFCL (CrossLink-NX)
LM2-CT (Certus-KH)
UT24C (Certus-NX-RT)
UT24CP (CertusPro-NX-RT)

Operating Condition:

Industrial

Performance Grade:

3

Part Number:

LAV-AT-ETOES1-3LFG11361

Online Data Sheet for Device

Device:
LAV-AT-ETO
LAV-AT-E70B
LAV-AT-ET0EST
LAV-AT-G70
LAV-AT-GT0ES
LAV-AT-X70
LAV-AT-X70ES

]
Package:
~ | |LFG1138

Device Information:
Core Voltage:

System LCs:
LUTs:
Registers:
EBR. Blocks:
DDRPHY:
DSPs:
PLLs:
DLLs:
PCSs:

L3 PIO Cells:
PIC Pins:

< Back Mext »

Cancel

Help

a

gy i KSaAG AR 2NB Gr2YWY SiyKRSS RbINiRze SaCHitdS O

Figure6.13. Project Device

Select Synthesis Tool

Specify a synthesis tool for the implementation.

Synthesis Tools:
@ Synplify Pro
Lattice LSE

< Badk

Mext > Cancel

Help

Figure6.14. Project Synthesis Tool
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LINR 250

[N
R
2

OSNR Teé

AYTF2NYEGAZ2Y FT2N GKS

New Project X

Project Information
The new project will be generated with the following specifications.

Project:
Project Mame: RGMII_demo
Project Location: Ci/Users/RGMII_demo/RGMI|_demo
Implementation Name: impl_1
Device: LAV-AT-ETOEST-2LFG11361
Synthesis Tool: Synplify Pro

f<Bad | | Fnish | Cancel || Heb

Figure6.15. Project Information

6.6.2. IP Installation and Generation
To install and generate the IP, follow these steps:

1. D2 Lit2 / MBI FLft2 32y
2. ' FGSN) e2dz R2gyft 2R

gAT I NRO

I{ S RIIDFREMAISISR B GKSNY S

Py R OAVLE G I26yTE [ ROY SN NGO & K

Lattice Raart Software

o-B- R
P K rweomsn
cx

# onLocal

Sech:

3 Show st P version only

2 Meduiat® on Local
-~ Module

© POEw

g e

AEae| AP ANSSiram

2 $how P spposted by taeget device ony

© 100 Etharmt MAC - PHY
@ 25 Go ohemet MAC + Y

© 51 ind G Ethamapcs 171 T
© T spens Ezhemer

e

519 Catwo

Fe Gt Vew Proect Took Window Hep

! Cal A cOoODNEEESQ00 L. Bo@
vy |SQ tesire
TR Sy Ropar Brovas © 1 ntormation
" Tri-Speed Ethernet
Description

TSE is a 10/100/1000Mbps network interface IP core conforming to the IEEE 802.3 standard.
The core offers a flexibie solution that integrates both MAC and SGMII-compliant PHY functionalities, while also supporting standalone MAC-only or PHY-only coafigurations.

This [P core aliows the implementation of 5 different IP options, namely
*MAC + SGMIKLVDS)", "MAC + SGMIlSerDes)", "SGMIKLVDS) only”, “SGMIlSerDes) only” and “MAC only

1. MAC only
This option is a standalone Etheret MAC configuration without any integrated PHY functionalities
It s containing all necessary logic. interfacing and clocking infrastructuse 10 allow integrating an external Industry-standard Ethemet PHY

2. SGMH (LVDS) Only.
This option is a standalone SGMII PHY solution implemented with LVDS /0.

3,.SGMil (SerDes) Only.
This option is a standalone SGMII PHY solution that leverages SerDes Primitives(MPCS),

Genarste |
R 4 MAC + SGMI (IVDS)
_— An integrated Ethemet solution combining MAC with a SGMI(LYDS)

ot o e 5. MAC + SGMI (SerDes

An integrated Ethemet solution combining MAC with a SGMil(SerDes)

E Oupes T Mesaoe

Figure6.16. Project Information

-
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3. OYUWKNR YLRYSY Ul blYS YR LINRP2SOU0 FRASNEIOG2NE FT2NJ Lt

&3

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

Component name: | <Input component name here»
Create in: C:/Users/tsemac_demo Browse...
This will automatically create a folder for inside the C:/Users/tsemac_demo

Cancel

Figure6.17. IP Component

4. | 2y TANRKENBAY I SNFDOBSHI y& Of A O

C2NJ whalLlL KINRglRNE $SKISYIDNG YBSSHNAYWS

=A =4 =8 -4 -4 -8 -8 -8 -9

SelectiP Option MAC only

Select MAM@perating option RGMI|I
Host interface APB

Include MIIM ModuleChecked

Enable Half Duplex Modul€hecked
Enable AXIS FIFO Functionaltiecked
Statistics Counter Registetdnchecked
Enable FPGA delay for T)ichecked
Enable FPGA delay for R)tchecked
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Madule/IP Block Wizard >

Configure Component from IP tse_mac Version 2.2.0
Set the following parameters to configure this component.

Diagram tsemac_ip Configure IP
tsemac_ip *| Property Value
s | meenel
IN )
[0 cpu_if_gbit_en_o Select P Option MAC only
s racnat- | ~|Configuration
—[f+oi0 mdo_o . -
Select MAC Operating Option | RGMII

={clk_i rgmii_r_clk_en_o

. -y rgmii_rec_speed_ol2:0] Host Interface APB
e rgmil_tx_clk_en_of= Include MIIM Module
={ignorz_pkt_i rgmii_t_ctl_oj—
i romil_ted_of3:0]j Enable Half Duplex Madule
—{reset_ni r_eof_of— Enable AXIS FIFQ Functionality
=1 rgrmii_rx_clk_i I_emror_oj— Lo .
i e fifo_rror ol Statistics Counter Registers
minaia  nssscssmion | 7 RGMIlTiming Consideration
—{romilrlk rstarenof— Enable FPGA delay for TX
= t_fifioctrl_i t_discfrm_op=—
g — t_done_o— Enable FPGA delay for RX
wf t_sndpaustim_i[15:0] ti_macraad_oj=—
t_staten_of—
t:stawec_-::Bi‘D]r
) tse_mac
-
4 »
User Guide Mo DRC issues are found.

Generate Cancel

Figure6.18. IP Component Configuratiog RGMII Example Desidor Avant and CertusPriNX Devices

alla Y2RdzZ S Aa NBI dzAi NB RC ZFNINd DnaDlall Ll AKYF ANR HONESESSASFNGMNBE (SAce! Y/
O2y FAIdzNI (A 2 y & AGRSIIN @ fAfae NByHERESBRE SNIGFERICSANGH 6 &t 1t ]
LIS NJaR 81 &
FPGA +90 degree shift TXC for external PHY. (Only when PHY TX delay is turned OFF)
PLL The DELAY module in RGMII is meant for fine tuning the clock centering. .+ TxC
SEIP
L » > DELAY-
TX data MAC RGMII- v K gfl‘ta

Figure6.19. TX Path Delay for RGMII
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FPGA
PLL When PHY RX delay is turned OFF, use the DELAY module in
RX path to delay the data for data centering.
TSE IP
RX dath > —{ DELAY«, RXC PHY

MAC RGMII<Y ‘ RX Data
k j RX Ctl

Figure6.20. RX Path Delay for RGMII
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AAAAA

C2NJ {DabKL NRg | NB SEIl YLInS RSENBAIT Yo 2IYNRD &S0 GKS F2ff26AY

f {StSOG at/ hbIifgPY¥NYL oO[£5{0

f {StSOG a!/ b { Daa dziil-AISNI{(iDRayLI HOLIKAS2NNYS (i
T 12ai LYdGSNFxLFOSY

T 9yIFo6ftS I IfF /5kAGISER a2 Rdzx SY
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© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are awiwietatticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificatiiasraation herein are subject to change without notice

FPGAPUG020842.6 126


http://www.latticesemi.com/legal
https://www.latticesemi.com/view_document?document_id=53710
https://www.latticesemi.com/view_document?document_id=53710
https://www.latticesemi.com/-/media/LatticeSemi/Documents/ApplicationNotes/AD2/FPGA-TN-02244-1-1-CertusPro-NX-High-Speed-IO-Interface.ashx?document_id=53256

Tri-Speed Ethernet IP

= LATTICE

User Guide
Madule/IP Block Wizard X
Configure Component from IP tse_mac Version 2.2.0
Set the following parameters to configure this component.
Diagram tsemac_ip Configure IP
tsemac_ip =] Property Value
AXIS
|| M-
F2_50 .
IS_S‘D an_link_ck_o Select IP Option MALC + 5GMII{LVDS) h
- clk_gdd
s - Configuration
debug_link_timer_short_i spugbEn.e . - .
iorce sanlane.| mr_an_complate_o Select MAC + SGMIILVDS) Operating Option | Multi-rate SGMII Ethernet
WrCe_Isolate )
Ip_zdhv_akility_o[15:0
force_Joopback_i mrp_zd skl e [15:0] Host Interface APB
force_unidir_i mr_page .o
T g0t o Enable Half Duplex Module
gbe_maode i s
ignore_pkt i posrTane Enable AXIS FIFQ Functionality
mr_adv_ability_i[15:0] rififo sror.o
= T r_stat_vector_c[31:0] Statistics Counter Registers
mr_zn_snabla_j .
mr_main_reset_i P .e;o * PHY Settings
- ser_t_o
HFJEFT-E mEnd . sgmii_n_clk_en_o R CTC Mode Dynamic
operational_rate_i[1:0] "
. =gmii_t_clk_en_o
pll_refclk_i .
. oe_an_link_ok_o
reset_n_i
. t_discfrm_o|
ser_ncl
. ti_macraad_o
t_fifectrl_i
I t_staten_o
e sndpaus ac:_| ty_statvec_o[31:0]
tx_sndipaustim_i[15:01
uzr_clk_of
usr_clk_ready_o
tse_mac
-
4 k
User Guide Mo DRC issues are found.
Generate Cancel

Figure6.21. IP Component Configuratiog SGMIILVDSExample Desigfor Avant-X Devices
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Module/IP Block Wizard X
Configure Component from IP tse_mac Version 2.2.0
Set the following parameters to configure this component.
Diagram tsemac_ip Configure IP
tsemac_ip =| Property Value
A:as_mm]:
- TGemedl
oK . H 3
'%::-; cpec it ghiten_afm Select IP Option MAC + SGMII(SerDes) i
= Prgghy_pma i shgdes i o fm
day MPEY_ped_r_sigaet M s -
AT
:mylnurtumn.l i Host Interface APB
| N e Enable Half Duplex Module
- mr_lp_acd_ablling_o[VS 1] e - i
i e page ol Enable AXIS FIFQ Functionality
PR
—janeraphel :ci‘, = Statistics Counter Registers
e abiliny_I[15:0]
I p— e ~ PHY Settings
—fre_main_reset | e
e raznars_an | i B RX CTC Made Dynamic
mpcpsraicral raie [ RpmaIRL . R I )
L rerenons ST etat_s[31:0] Static Low FIFQ Threshold . 3 -
restaten_of—
N i sgreil_pecl_sn_af— Static High FIFQ Threshold [4-1020] | 32
:p':m"'l sgreiL el an o=
P v & TMPHYSetings
B — oyl B Select MPPHY lane or channel AUTO
b fiteenn g B
i Loopback Mode Disabled
o andpauarig P
T " PMASetpReceiverSubgrove
o statie_a{310]
[
usr ek ressya RX Coupling Mode AC Coupling
EEES - RX Loss of Sig port Enable
L] »
User Guide No DRC issues are found.
Generate Cancel

Figure6.22. IP Component Configuratiog SGMII SERDES Example Design for Avant Devices
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Configure [P

Property Value

Select IP Option MAC + 5GMII(SerDes)

Host Interface APB
Enable Half Duplex Module
Enable AXIS FIFO Functicnality

Statistics Counter Registers

R¥ CTC Mode Dynamic
v PCS Settings
Select MPCS Lane 6

MPCS PMA loopback

Madule/IP Block Wizard
Configure Component from IP tse_mac Version 2.2.0
Set the following parameters to configure this component.
Diagram tsemac_ip
fsEmac_ip
=Parzc0
R as_io
R MApCs L0
=telk i
ke i[1:0]
—fdebug fink_timar_short A
diffindliczal i s &8
—feps_dkin . UE
—ffmrzs_nlate i =:' :i
~fforcs_boapbark e
o mr_an_complata_o
—fforcs_unidir_i ! biiny_ol154]
mr_lp_adv_abil
-+ : Ip_adv_ability_o
. me_gaga_rx_o
B raof o
mmr_adv_ahility_i[15:0]
={mr_an_snabla_i peerene
- . rx_fifz_arrar_o
- _ ! e _stat_vactor_o[31:0]
—{me_restart_an i
moparaticnal_rate_j[10] U
- soilibn_n
Hpll_0_rafelk i
1 _rafell RS
pl X sgmmii_ni_clk_sn_o
=fresat_n_j
R sgmii_t_clk_sn_o
=tscilno_i
. tx_an_link_aok_o
. tx_discfrm_g
=
T i te_macraad_o|
sc st 1_refcic i
o i t_stamvar_o[3 1401
=hcq_nefclkn_qLi !
sza_rafelkn g1 warclie
| usr_clk_rzady_n
o refelkp_q0 i
=hiog_refelkp gl
=ttx_fifoctrlj
=ft0_snd pasrag_
-ty sndpaustim_il15:0]
=fusa_rafmus_i
T58_miac
4
User Guide

No DRC issues are found.

Generate Cancel

Figure6.23. IP Component Configuratiog SGMII ERDESExample Desigfor CertusPreNX Devices
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~ Module/1P Block Wizard >

Configure Component from IP tse_mac Version 2.2.0
Set the following parameters to configure this component.

Diagram tsemac_ip Configure IP
tsemac_ip *| Property Value
e s0 Select IP Option MALC only
1 b
=l - B
) . Select MAC Operating Option | RMII 4
=fignora_pkt_i
—reset_n_i Host Interface APB
—rmilrefclk Include MIIM Madule
=Y rmii_rx_crs_dw_i
i I —— r_statvector o[E: Enable Half Duplex Module
= rmii_rxd_i[1:0] Enable AXIS FIFC Functionality
= t_fifioctrl_i
Bre ) Statistics Counter Registers
= t_sndpausraqg |
= t_sndpaustim_i[15:0]
tx_statwec_o[31
) tse_mac
4 k
User Guide Mo DRC issues are found.

Generate Cancel

Figure6.24. IP Components ConfiguratioQRMII Example Desigior CertusPreNX Devices
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5. +SNA BSyBMS § SR CAty®m alky R Of A O

2] ModulenP Block Wizard X

Check Generated Result
Check the generated component results in the panel balow. Uncheck option “Insert. to project’ if you do nat want to add this component to your design.

Companent 'semac’ is successfully generated.
IP: tse_mac  Version: 0.0.0

Wendor: lattcesemi.com

Language: Veriog

Generated files:

IP-XACT component: component. xm
IP-XACT _design: design.xml
black_box_veriog: rl/tsemac_bb.v

cfg: tsemac.cfy

dependency_file: evalidut_inst.v
dependency_fie: evalfdut_params,v

IP package fie: tsemac.ipx
template_veriog: misc/tsemac_tmpl.v
dependency_fie: testbenchjdut_inst.v
dependency_flle: testhench/dut_params.v
timing_constraints: constraints tsemac.lde
template_vhdl: misc/tsemac_tmpl.vhd
top_level_verdog: rilftsemac.v

Insert to project

< Back Finish

Figure6.25. IP Generation Result

6.6.3. Importing Versa Files into a Project

Toaddan existing example design intoproject, follow these steps:
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- 3 Stategies Description
(] Area
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= s TSE is a 10/100/1000Mbps network interface IP core confarming to the IEEE 802.3 standard.
:7 Strategy1

The core offers a flexible solution that integrates both MAC and SGMII-compliant PHY functionalities, while also

- i i N N
% impl_1 (Synplify Pro) supporting standalone MAC-only or PHY-only configurations.
- Input Files
= |} tse2rgmiiftse2rgmiiipx This IP core allows the implementation of 5 different IP options, namely...
3 RTL Files "MAC + SGMII(LVDS)", "MAC + SGMII(SerDes)", "SGMII(LVDS) only”, "SGMII(SerDes) only” and "MAC only”.
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Figure6.27. Set Up Example Design Using TCL

The following figure shows the localparam that you may change to configure the speed for BGi#ault the
speed is set atG mode Howeveryou can choosé¢o operate at lower speedBy changing the speed tdOM or
100M mode However for RMII interface, the default speed is 100Recompilatioris requiredfor each selected
speed operationand onthe-fly changes are not allowed.
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Thisis not applicable for SGMII hardware example de§ignSGMII (SERDES) and SGMII (LVDS) hardware example
design, you may toggle speed change using on board DIP SW. For mos idéitothe Hardware Setup for

Avart-X VersdBoard withSGMIILVD3Hardware Example Desigection and theHardware Setup for CertusRhX

with SGMII ERDE8ardware Example Desigection.

/fRAEMIT speed mode "l00M™; "1G™

de

// FPGRA Delay setting in ID

Figure6.28. Speed and Clock Alignment Paramrgmii_avant_e versa_top
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Figure6.29. Strategy Interface for Command Line Options in Place & Route Design
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Figure6.31. Generate Bitstream

O2YLIAf SR a4dz00SaatdzA fex

Figure6.32. Bitstream Completion

6.6.4. Program Bitstream
To program the bitstream, follow these steps:
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v R et e "MAC + SGMII(LVDS)", "MAC + SGMII(SerDes)", "SGMIKLVDS) only”, "SGMil(SerDes) only” and "MAC only”
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Figure6.33. Programmer
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For more information on the Radiant Programmer, refer to Eregrammingsection of theAvant Evaluation
Board User Guide (FPE&®802057) AvantG/X Versa Board User Guide (FFEB®2063) or CertusPreNX Versa

Board User Guide (FPE&802053).
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Figure6.34. Select Bitstream

S5LINEPAIONG Y i RIS aNEENERIF YR SAAAI0S &

&3 Radiant Programmer - impl_1 xcf - u] 'Y
File Edit View Run Tools Help
M Scan Device
Ensble Status ¢ Program Device Operation File Name File Date/Time Checksum USERCODE DevicelD Cable Setup a8 x
1 -L@* Generate Embedded Code Fast Configuration C:/Users/... 0x11044043 Cable Settings
Sif  Generate SVF File
Detect Cable
{ak  Check XCF Project
Cable: HW-USBN-28 (FDI)
2 ClesrLogFile
Port: FTUSE-1 v
Custom port:

oo
T
HosT: TS
FCOOMPUTER
FIDiiB8 8T DN [
CRUMICROPRCC TEK TuS
ol LAVAT-XTOES
ol ToO
RESET TTAG_EN

Programming Speed Settings
@® Use default Clock Divider
O Use custom Clock Divider

TCK Divider Setting (0-30x): 1 %
1/0 Settings
@ Use default /O settings

O Use custom IfO settings "
< >

Output

INFO <85021278> -
INFO <85021298> - Operation Dene. No errors,
INFO «85021371> - Elapsed time: 00 min: 32 sec

INFO <85021373> - Operation: successful.

INFO <83021078> - Check cenfiguration setup: Successful.

Devicel LAV-AT-X70ES: Fast Configuration

Output Tl Console

Figure6.35. Programming Bitstream
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6.6.5. HardwareSetup for Evaluation Boaravith RGMII Hardware Example Design

Figure6.36 shows the complete hardware setup for an example dedigfer to the corresponding board user guide
for the names ofmechanical input signglincluding DIP swite@sand pushbuttors:

1 Avant E70 Evaluation Board

1 CertusPreNX Evaluation Board

Theevaluationboard is powered up with 1¥ power supplyThe Ethernet FMC is connected to the board FMC
connector withan Ethernet cable in loopback between PORTO and PORT1.

6.6.5.1. DIP SwitcHDefinition

After programing the bitstream into the device, make sure the DIP switch is configured to the right position before
triggeringthe RESET via a pushbutton.
The following lists the DIP switch definitions:
T Avant E70 Evaluation Board
DIP_SW1: Start transmission
1 CertusPreNX Evaluation Board
DIP_SWi1Start transmission

For more detail®n DIP switcltonfiguration modesrefer to the following table.

Table6.2. DIP SwitchConfiguration Modest Pre Reset Traffic Generation Trigger

Device DIP_SW1 / SWITCHDefault state before RESET)
Avant E70 Evaluation Board LOW
CertusPro NX Evaluation Board LOW

After the link up is successfbggle DIP_SWdr SWITCHffom LOW to HIGH to start the traffic generator, which

checks the IP performancEordetails onwhich LED to target and ttaevice statustefer to thefollowing LED indicator

table.

b2 {BIESR O2y FAIAdzN} A2y A& R2yS 65 TF2NBXUIY FC IRAENRYHFAS NI 28V IANI |
GKISYLRNIAY3 +SNAEIASQUIAR2=3y dhy 2 | t N22SOi

6.6.5.2. Pustbutton Definition

The following listshe pushbuttondefinitionsfor Avant E70 Evaluation Board and CertusR¥Evaluation Board
T SW1 Reset
1 SWS5 Pause or resumeatatransmission

6.6.5.3. LEDDefinition

Each LEdicatesthe statusof TriSpeed Ethernet. Refer to the table below éatails oneach LED updatend refer

to the device user guide for signal namiognventions

LED_10 and LED_diustbe ONwhenTX and RX are actively transmitting (for CONTINUOUS _TRAdH¢@ erode).
LED_10 and LED_diustbe OFF when transmission is paused or completed (for CONTINUOUS_TRAFFIC disabled
mode), then LED_Tidustbe ON.

The following lists thediling scenario:

1 LED_8or LED_9is OFF after RESET.

1 LED_14 and LED_Aa# bothOFF.

1 LED_10or LED_11 is OFF duringstrégsion (for CONTINUOUS_TRAFFIC enabled mode).
1 LED_13is ON.

Table6.3. LED Indicator Status

Avant E70 (Bd) CertusPreNX Eval (Yellow)| Description
D22/LED_8 D14 /LED_8 PLL locked.
D23 /LED_9 D15/LED_9 MDIO configuration completed.
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Avant E70 (Bd) CertusPreNX Eval (Yellow)| Description

D24/ LED_10 D16 /LED_10 TX channel is transmitting
D25/LED_11 D17 /LED_11 RX channel is receiving
D26/ LED_12 D18 /LED_12 PASS traffic generator check.
D27 /LED_13 D19/ LED_13 FAIL traffic generator check.
D28 /LED_14 D20/ LED_14 Link up to 100Mor 10Mspeed.
D29 /LED_15 D21/ LED_15 Link up to 1G speed.

The USBMIini B is connected to the host for the Reveal tool to check the signaltiierhardware, including TX, RX,
and data comparison.

| Loopback Connecti

ol =

Power | At 1 O 2
Supply | e

sammaERE Ry

Bob - REUE - B

|  weseien 34345 4 Sttt : .| USBMini B \
— Connectionto | 4
Host W

Avant Evaluation Board

Figure6.36. Avant Evaluation Board and FM®&tup

The following figure shows thepbntinuous transmissiothat are sent using the pattern generator, and go through the
TX, RX in loopback setup. Each frame is validatedcdrhpard-ailsignal is asserted if the franohecker detectec
mismatch, and the done signal is asserted at the enti@fransmissionThese signals must be added to the Reveal
tool manually For more information, éfer tothe Reveal User Guide for Radiant Software

Completed @ 1 [ top A0
Bus/Signal Data

resetn_i 1
plilock_o 1
» apb_daone 1 V(

axis_tx_tdata_i[1:0]

axis_tx_tlast.i

b axis_tx tready_o 00 .‘.‘.'. R IRV AED RRBAGED LARD ¢ 1 Y CREDLREDARE (i A fy VS
e G (LI €55 S5 K0 €10 €50 G10 G10 658 €58 G0 619,658 G10 CI8 €13 618 610 10 613 €10 610 10,10 €11 G0 610 618 650 G110, 610, X0 €51 €10 619 618 658 610,61
e ctoto) o - R O W O W W S S A
b aisrx tlast o oo ~ {__X¥oo7¥od ¥Xoo Xxoo ¥¥oo kKoo kfoo Xioo oo XXoo ¥oo ¥foo Yoo F¥oo YXooXFoo Xxoo Axoo ¥Xoo XKoo X koo XYoo ¥Xoo FXoo ¥ioo X¥oo Yoo {Xoo XXoo ¥ioo f{eo X¥oo Koo XXoo ¥ oo ¥ioo oo XXo
v axis_rx tvalid o 1 (K FARER CXD VED I RRIAED, P Pl . TV YT o= Pl = .y
» compareFail 00

¥ patgen_done 00

Figure6.37. Signas Shown on the Reveal Tool
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6.6.6. Hardware Setup for CertusPfNX Versa Board with RMIl Hardware Example Design

Program the bitstream into the device, and make sure€iRchis setto the right position before triggerinthe
RESET.

6.6.6.1. DIP Switch Definition

The following lists the DI&vitch definitions:
1 DIP_SW1iReset
1 DIP_SW2Start or pausd¢ransmission

Ensurethat DIP_SW?2 iset toLOW before reset. Set DIP_SW1 from LOW to HIGH to peafarset to the hardware
design.After configuring the register using AREED_1 liglstup, andyou can start transmission by toggling DIP_SW?2
from LOW to HIGHYou can control data transmission by setting DIP_SW?2 to LOW to pause or HIGH to resume.

6.6.6.2. HPIO PirDefinition

The following lists the HPIO pin definitions:
HP_GPIO1: RMII TX O

HP_GPIO2 : RMII TX 1

HP_GPIO3 : RMII TX EN

HP_GPIO6 : RMII RX 0

HP_GPIO7 : RMII RX 1
HP_GPIO8RMIICSR DV

=A =4 =4 -4 -4 -4

LED_2 and LEDn8ustbe ONwhenTX and RX are actively transmitting (for CONTINUOUS _TRAdH#¢G Brode)
LED_2 and LEDn&ustbe OFF when transmission is paused or completed (for CONTINUOUS_TRAFFIC disahled mode)
then LED_4nustbe ON.

The following lists thedfling scenario:

1 LED_O or LED_1 is OFF after RESET.

1 LED_6 and LED_7 both are OFF.

1 LED_2 or LEDiISOFF during tramission (for CONTINUOUS_TRAFFIC enabled mode).
1 LED 5is ON.

Table6.4. LED Indicator Status

CertusPreNX Evalation Board Description

(Green)

D63 /LED_O PLL locked.

D64 /LED_1 Registerconfiguration completed.
D67 /LED_2 TX channel is transmitting

D65 /LED_3 RX channel is receiving

D66 /LED_4 PASS traffic generator check.
D104 /LED_5 FAIL traffic generator check.
D105 /LED_6 100M speed

D68 /LED_7 10M speed

6.6.7. Hardware Setup for AvanX VersaBoard with SGMIILVD3Hardware Example Design

Progranthe bitstream intothe device, and make sure DIP switch is configuretthéaight position before triggering
the RESET via pushbutton.
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6.6.7.1. DIP SwitcHDefinition

The following lists the available switches:

1 DIP_SWI1(LOW) *traffic generator trigger

1 DIP_SW2LOW)

1 DIP_SWS3(HIGH) TSE SPEED bit [0], to configure TSE SPEED, 1G / 100M / 10M
1 DIP_SWALOW) TSE SPEED bit [1], to configure TSE SPEED, 1G / 100M / 10M

Speed is configured lyoncatenatingwo inputsfrom DIP_SW3 and DIP_SW4r all the supported préraffic
generation speed modes, refer to the following table.

Table6.5. DIP Switch Configuration Modesnd 7-Segment LED Pre-Reset Traffic Generation Trigger

TSE SPEED | DIP_SW3 DIP_SW4 DIG_2 DIG_3
1G HIGH LOW 1 0
100M LOW HIGH 0 1
10M LOW LOW 0 0
Unsupported | HIGH HIGH T T

6.6.7.2. Pudhbutton

The following lists the available pushbuttons:

T SWI12 RESET

1 SW13 PAUSE transmission

Toperform RESET after programmithng bitstreamor configuring theTSE SPEED from DIP, 8llbw these steps:

1. /2YTFAKKES GNIFFAO ISYSNI (2N OBWEKBYP{IM® A& [h2 6SF2NB G

2. ! FOSNIMIKE2 Y WHEdaBRER aFAA It S S5Lt {2 UAGTNKBN] FFA Q23 Sy HNI (2
OKSOl1a GKS Lt LISNF2NXIyOSo

3. /| KSIOR&S IYSy il [95 AYRAOIFIG2NI F2NJ RSPGAOS adGl Gdzao

4, 8z YIe (KSNAEBSTFAO GN}yaYAdaarzy dzaAy3d {2mo AF /hbe¢Lb! h!{

6.6.7.3. 7-Segment LEDefinition

Each segment in DIG 1 represents the statubefTri-Speed EtherneRefer to the following table fathe descriptian
of each segment.

Table6.6. LED 7Segment Description

Segment Description

Traffic transmission is completed or paused.
Reset initiated.

Link upis completedsucceshully.

Register configuratiois completed successfully.
TX transmission is up or transmitting

RX transmission is up or receiving

Data checker detected mismatch

QOMMmMOO|®|>

DIG 2 and DIG 3 represent tBmernet SPEED, which can be configured from DIP_SWS3 (to DIG 2) and DIP_SW4 (to DIG
3).
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Figure6.38. 7-Segment LED from Avai{T-X Devices

You may change the traffic generator mode for sendimgimbers of frame, or continuous mode in versa_top
CONTINUOUS_TRARi@meter.

TheSIMparameter is used for simulation. For hardware example design, keep SIM = 0.

module sgmii_avant x versa _top # |
paramster CONTINUOUS TRAFFIC = 1,
parameter SIM = 0

)

Figure6.39. Continuous Trafficdonfiguration from versa_top

The #segment LED shows the following figureen a successful transmissiorc@mpleted or paused in 1G speed.

Figure6.40. 7-Segment LED Sampdé a Successful Transmission

The USBMini B is connected to the host for the Reveal tool to check the signal from hardware, including TX, RX, and
data comparison.

The following figure shows the 12 frames that are sent using the pattern generator, and go through the PCS loopback.
Each frame is validated. TaempareFaisignal is asserted if the frame checker detectadismatch, and thelone

signal is asserted at the end of transmission.

Bus/Signal Data
> e o o | o

ais st 0 I N N T

axis_tx_tready_o 1

s ol 0 1 1 T T T T T T T T T 1

aris. vl 0 I T s s s s s I A s I A O A O

axis_rx_tlast_o 1 ’_| ’_| ’—‘ ’_‘ ’_| ’—‘ ’—‘ |_‘ ’—‘ ’—‘ ’_|

..affic_genchk/compareFail 0

u_traffic_genchk/done 1

Figure6.41. 7 Signalshown on the Reveal Tool

6.6.8. Hardware Setup for AvanK Versa Board with SGMII SERDES Hardware Example Design

Program the bitstream into the device and make silmeDIP switch is configured to the right position before
triggering the RESET via pushbutton.

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are amwenetatticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificatiiasraation herein are subject to change without notice

FPGAPUG020842.6 141


http://www.latticesemi.com/legal

= LATTICE

6.6.8.1. DIP Switch Definition

The following lists the available switches:

1 DIP_SW1: (LOW) *traffic generator trigger

1 DIP_SW2: (LOW)

1 DIP_SWa3: (HIGH) TSE SPEED bit [0], to configure TSE SPEED, 1G/ 100M / 10M
1 DIP_SW4: (LOW) TSE SPEED bit [1], to configure TSE SPEED, 1G / 100M / 10M

Speed is configured by concatenating two inputs from DIP_SW3 and DIP_SW4. For all the supptnafitpre
generation speed modes, refer to the following tabie’-Segment LED definition

6.6.8.2. Pushbutton

The following lists the available pushbuttons:

T SWI12 RESET

1 SWwWi13 PAUSERESUMEansmission

1 SWidpattern generatormode change (fix frame size, random frame size, or increment frame size)

To perform RESET after programming the bitstream or configuring the TSE SPEED from DIP_SW, follow these steps:

1. / 2y FANY GKIFIG GKS GONYFFAO 3ASYSNIG2N) 05Lt w{2mM0 Aa [h2 ¢

2. !quNJm'iL@é}\Aét AQAYLX SGSR &adz00SaafdAd fexr d233tS 5Lt Y{2m FN
OKSOla UKS Lt LISNFZ2NXYIYyOS®

3./ K@(:nnaéaﬁréyﬁ [ 95 AYRADI ({PHLEZ2NPRSGFOSLBNY Gaz2 y I £ aLISSH
Y 2 RbS

4, . 2dz YIe@ LI dzasS G4KS GNITFFAO GNXyavYAadarzy dzaAiAy3a {2mo AT

@ N 5893 ¥Syi RS NEFSAIEH &

DIG 1, Segment B, C, D, E, F must be ON, when TX and RX are actively transmitting (for CONTINUOUS_TRAFFIC enabl
mode).

DIG1, Segment Aust be QN when transmission is paused or completed (for CONTINUOUS_TRAFFIC disabled mode)

The following lists the failing scenario:

1 DIG 1any of Segment B, C, D is OFF after reset.

1 DIG 1, any of Segment ESFOFF aftethe transmissiorstarts
1 DIG 1, Segment G is ON.

6.6.8.3. 7-Segment LED Definition

DIGIT DETAIL

/i

G
U DiG 1 U 0 0IG 2 U E] DIG}Q
(R O R C ¥ 1_e®

Figure6.42. 7-Segment LED from Ava®T-X Devices

Each segment in DIG 1 represents the status of th&geied Ethernet. Refer to the following table for the description
of each segment.
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Table6.7. LED Segment Descriptiofior DIG 1
Segment Description

Traffic transmission is completed or paused.

Reset initiateg PLL locked achieved

Link up is completed successfully.

Register configuration is completed successfully.

TX transmission is up or transmitting.

RX transmission is up or receiving.

O|M M o|lO|®| >

Data checker detected a mismatch.

DIG 2 displegicode corresponding t®IP_SW3 and DIP_SW4.
Table6.8. DIG2 CodeDefinition

Code for DIG 2 CodeDescription DIP_SWS3 DIP_SW
0 SGMII operational speed 10M LOW LOW
1 SGMII operational speed QB LOW HIGH
2 SGMII operational speetc HIGH LOW

DIG 3displays codecorresponding talifferent types of frame lengthincluding static framsize randomizerame size,
and incremental framsize To change the type of frame size, yseshbutton SW14.

Table6.9. LED 7Segment Description for DIG

Code for DIG Code Description

0 Fix framesize

1 Randomize framsize

2 Incremental frame size

The maximum and minimum boundary for randomized and incremental frame size can be definetbin file,
traffic_genchk module.
FRAME_BOUNDARY_MIthesminimumvalue for randomized size, attide starting value for incremental frame size.

FRAME_BOUNDARY_MAfkésmaximum value for randomized size, ahe largest value for incremental frame size,
which stars over again usinthe minimum value.

STATIC_FRAME_LEN_INIT is used for ddfieistatic frame size.

traffic genchk #|
MAX DATA WIDTH(E),
CONTINUOUS TRAFFIC (CONTINUOUS TRAFFIC) ,
.FRAME BOUNDARY MIN(le'de4),
. FEAME BOUNDARY MAX (1&'d9&00),
.5STATIC FRRME LEN TNIT (le'dls500),
.NUM PET (12)

u traffic genchk |

Figure6.43. Parameters for Frame Size in the Top File

Connect SFP transceiver loopback modulthteo27 SFP+ cage. The UBIBi B is connected to the host ftine Reveal
tool to check the signal from hardware, including TX, RX, and data comparison.
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Power Supply]

SFP Transceiver Loopback Mod

o

Figure6.44. AvantX VersaBoardwith SFP Transceiver Loopback Module

The following figure shows theontinuous transmissionsing the pattern generatahrough theSFRoopback. Each
frame is validated. TheompareFaisignalis asserted if the frame checker detaa mismatchn the traffic checker

Bus/Signal Data
¥ axis_tx_tdata_i 45 !

axis_tx_tvalid_i

axis_tx_tready_o

axis_tx_tkeep_i

P30 [ I I

axis_tx_tlast_i

axis_rx_tdata_o 8F

axis_rx_tvalid_o

axis_rx_tready_i

axis_rx_tkeep_o

axis_rx tlast o

«.._genchk/compareFail

ole|le|=| |
=
=

u_traffic_genchk/dane

Figure6.45. Signalshownon the Reveal Tool

6.6.9. Hardware Setup for CertusP#hX with SGMII ERDES&lardware Example Design

Program the bitstream into the device and make sure DIP switch is configured to the gfsitittn before triggering
the RESET via DIP switch.

6.6.9.1. DIP Switch Definition

The following lists the available switches:

1 DIP_SW1: (LOW) RESET

1 DIP_SW2: (LOW) Traffic generator, to start or pause transmission

1 DIP_SWa3: (HIGH) TSE SPEED bit [0], to configure TSE SPEED, 1G / 100M / 10M
1 DIP_SW4: (LOW) TSE SPEED bit [1], to configure TSE SPEED, 1G / 100M / 10M

Speed is configured by concatenating two inputs from DIP_SW3 and DIP_SW4. For all the supptraéitpre
generation speed modes, refer to the following talffausetransmissiorwhen performing speed changes.

Table6.10. DIP Switch Configuration Modeend LEL, Pretraffic Generation Trigger

TSE SPEED DIP_SW3 DIP_SW4 LED_6 LED 7
1G HIGH LOW ON OFF
100M LOW HIGH OFF ON
10M LOW LOW OFF OFF
Unsupported HIGH HIGH T T
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To perform RESET after programming the bitstream or configuring the TSE SPEED change from DIP tB&égfollow

steps:

1. /2y FANY GKIFIG GKS GNIXFFAO ISYSNIG2NI G5 Lt wy{2HO0O A& [h2 0
2. VFGSNI f Ay dald IORRULE SHIEKM D [IFAp (233fS 5Lt {2 FTNRY [h?2
3. 2¥2 @ G233tS S5Ltyg{2u FNRBY I LDI G2 [h2 (2 LI}dzasS GKS GN

B

(N} YAYA&AA2YS AT /hbe¢Lb!h! {wew! CCL/ Aad Sylof SR

LED_2 and LEDn8ustbe ONwhenTX and RX are actively transmitting (for CONTINUOUS _TRA##G prode).
LED_2 and LEDn8ustbe OFF when transmission is paused or completed (for CONTINUOUS_TRAFFIC disabled mode),
then LED_4nustbe ON.

The following lists thedfiling scenario:

1 LED_O or LED_1 is OFF after RESET.

1 LED_2 or LED_3 i&Bduring trasmission for CONTINUOUS_TRAFFIC enahlzde).
1 LED 5is ON.

6.6.9.2. LED Definition

Each LED indicates the status of example design. Reger to the table below for details on each LED update, and refer to
the device user guide for signal naming conventions.

Table6.11. GeneratPurpose LEBignals

CertusPreNX Evaluation Board (Green) Description

D63 /LED_O PLL locked

D64 /LED_1 APB configuration completed

D67 /LED_2 TX channel is transmitting

D65 /LED_3 RX channel is receiving

D66 /LED_4 Transmission is paused or done

D104 /LED_5 FAIL traffic checker test

D105 /LED_6 Tied to DIP_SW3, TSE SPEED bit [0], to identify speed selected
D68 /LED_7 Tied to DIP_SW4, TSE SPEED bit [1], to identify speed selected

Connect SFP+ transceiver loopback module to J12c&igeThe USBAini B is connected to the host for Reveal tool to
check the signal from hardware, including TX, RX, and data comparison.
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USBMini B 2
Connection } §0 FH, S
to Host » ™ FS -eaiis

SFP+ Transceiver I
Loopback Module L"

Figure6.46. CertusPreNX VersdBoardwith SFP+ Transceiver Loopback Module

The following figure shows the continuous transmission frosAX¥Xsand RXAXISusing the pattern generator. The
compareFail signal is asserted if the checker detachismatch.

. - _

s tdatal owocotor S N T T T N N NN NN NN NN NN N NN NN NN N NN NN N NN NN NEE N
axis_tx_tvalid_i 1 I T T [ W T N T I l I T N - [ x X . N N I N [
axis_tx_tready_o 1 74*g7¥77777#*77 fﬁiﬁ*ﬁﬂ*ﬁ*iﬁiiiiiiiii Jiii 77f
axis_tx_tlast_i 0 } l l | I | | | I ‘ l J l [ l [ ‘

} aEpdate oo - S N N N N N N N N N N N N N NN NN NN NN N NN NN NN N
axis_rx_tvalid_o U U U U U U U Uy U U U U u U1
axis_rx_tlast_o m “l —‘ ml —‘ m ‘l * | M ’7 M — — ™ - = — _‘ . . ’, *

axis_rx_tready_i

1
0
1
u_traffic_genchk/compareFail 0
0

u_traffic_genchk/done

Figure6.47. Signals shown on the Reveal Tool

6.7. Simulating the Example Design

Thehardwareexample design comes with a testbench for simulating the top Silgoportedsimulatiorsincludethe
following example desigst

Avant SGMII (LVDS)

Avant SGMII (SERDES)

AvantRGMII

CertusPreNX RGMII

CertusPreNX RMII

CertusPreNX SGMSERDES)

=A =4 =8 -4 -4 -4

6.7.1. Simulating the Top File for Hardware Example Design

The testbench includes initiating the TSE IP and performs continuous traffic transmission and data checking from the
traffic generator module.

6.7.1.1. Hardware Example Design Simulation Flow

The following flowchart shows the simulation process from initializing TSE IP and starting the traffic generators to
showcasing the IP transmission and receiver performance.
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Start of simulation

TSE IRonfiguration

\ 4

Start generating traffi

for transmission and

perform checking on
the receiver

End ofsimulation

Figure6.48. SGMII Versa Testbench Example Design Flowchart

Launch the Simulation Wizard from the Radiant software and follow the onscreen instructions tiS#tgrtas the
simulation top module.

Simulation Wizard *
Parse HDL files for simulation
Parse HOL files for simulation.
Simulation top parsing finished,
-- Analyzing Verilog file 'C:/lscc/radiant/2025.1/cae. library/synthesis/verilog/lfeprocy’ (VERI-1482) =
-- Analyzing VHDL file 'C:/lsce/radiant/2025.1/ cae_library/synthesis/vhdl/Ifcpnx.vhd' (VHDL-1481)
-- Analyzing VHOL file C:/lscc/radiant/2025.1/cae_library/synthesis/vhdl/fcprx.vhd
-- Analyzing Verileg file 'C:/Users/khuah/OneDrive - Lattice Semicenductor Corp/Desktop/wip/eth/
rgmii_cpnx/demo_1g_3_4/rgmii_1g/tsemac/rtl/tsemac.sv' (VERI-1432)
-- Analyzing Verilog file 'C:/Users/khuah/OneDrive - Lattice Semiconductor Corp/Desktop/wip/eth/
rgmii_cpnx/demo_T1g_3_4/rgmii_1g/tc_pll/rtl/_pllv' (VERI-1482)
-- Analyzing Verilog file 'C:/Users/khuah/OneDrive - Lattice Semiconductor Corp/Desktop/wip/eth/
rgmii_cpnx/demo_Tg_3_4/rgmii_lg/osc_ip/rtl/esc_ip.v' (VERI-1482)
-- Analyzing Verileg file 'C:/Users/khuah/OneDrive - Lattice Semicenductor Corp/Desktop/wip/eth/
rgmii_cpnx/demo_1g_3_4/rgmii_1g/source/tb_rgmii_avant_e_versa_top.v' (VERI-1482)
-- Analyzing Verilog file 'C:/Users/khuah/OneDrive - Lattice Semiconductor Corp/Desktop/wip/eth/
rgmii_cpnx/demo_l1g_3_4/rgmii_1g/source/rgmii_top.v' (VERI-1482)
Hdl files parsing messages are saved at: C:/Users/khuah/OneDrive - Lattice Semicenductor Corp/
Desktop/wip/eth/rgmii_cprx/demao_1g_3_4/rgmii_1g/sim/hdlparser.log -
Simulation Top Module: | th_rgmii_avant_e_versa_top -
< Back Mext = Cancel

Figure6.49. Simulation Wizard Top Module Selection

The following figure shows the simulation results for RGMII 1G. Similar simulation results are expected from different
available testbenches. TliwmpareFaisignal indicates whether any data has failed the checker test. The test results in
this example show that the data received is error free.
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You may load thevave.domacro to group the simulation signals.

jave - Default H ) x|

1ho 1ho
32h00006000 32...

&4 /b rgmi avant e
- /tb_rgmii_avant_e

top/u_top/patgen_start

topfu_top/pause_oen_o

1-#/tb_rgmii_avant_e_versa_top/u_top/patgen_done
[tb_tgmi_avant_e_versa_top/u_top/comparcFai

168000000

Cursor 1 |3510512878420 s

L I Y [T o] |

Figure6.50. Simulation Results for MAC+SGMII (LVDS) Loopback
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7. Designing with the IP

This section provides information on how to generate thedRe using the Lattice Radiasbftware and how to run
simulation and synthesis. For more details on the Lattice Radidtware, refer to theLattice Radiant Software User
Guide.

b2itskyS 2ONBSyaK2iGa LINPOARSR FNB T2NI NBTSNByOS 2yteo 580
0SAy3 dzaSRo® LT G(KSNB KIPS 68Sy y2 aAIYATAOLY(H OKIFy3S:
Lt ®

7.1. Generatingand Instantiatingthe IP

You can use theattice Radiansoftware to generatelP modules and integrate them into the device architecture. The
following steps describe how to generate ti&SHPIN the Lattice Radiansoftware

To generatghe TSHP, follow these steps

1. INBFGS + ySg aFlimmNE 8w2riSlyy &+ y SEAadGAy3a LINR2SO0®

2. Ly LtKS Hidlofz2 Be 4RBISS R 9 A KISHFEB i y S Al idEReN Rodzit KiSLt . £ 201
2LISy a I ac Ry ( BWI G f 2261302 K FyHuyKNBYSE S S 4 bISR Of A O

Generate Component from IP tse_mac Version 2.0.0
This wizard will guide you through the configuration, generation and instantiation of this Module/IP. Enter
the following information to get started.

Component name: | TSE_IP

Create in: C:/flscc/projftse/tse_proj Browse...

Mext = Cancel

Figure7.1. Module/IP Block Wizard

3. Ly yiXeS8 Rdzt Sk Lt .SIAYRRZ 6ZA IOdAK 2 XA 1963 KiEEBNIRGIGOHNEBRR OK SO
02 ECA DMK 2 6G2 yI'F A 3 dzNJ (RAF2 Ji{HBEBRSLIEI S\ f 2 yF K TS T@ NS FSING 2y ¢
Lt tF NI YSi SN OSzxyNK D& A 1D gy F & SHAE O 38/ a0 MNHzP ) EBAGENR 6 | NB
9ELl YL S8 SOBMBidkSS aLLkDalLL2BIiAZ2Fg®SNI GAy3
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M SEMICONDUCTOR

:: Module/IP Block Wizard

Configure Component from IP tse_mac Version 2.0.0
Set the following parameters to configure this component.

Diagram TSE_IP

Configure TSE_IP:

TSE_IP

fre_sabitey iz
fre_sr_aniiie )
rre_main_reses_|
prv_restar_an_|

Lt [0
ol 0 retet |

Joil_1 _retzlic |

T
X

£

~| Property

Select IP Option

Host Interface

Walue

MAC + SGMII{SerDes)

Statistics Counter Registers

RX CTC Mode

Select MPCS lane or channel AUTO
MPCS PMA loopback ]
MPCS NAME 0

Al

User Guide

Mo DRC issues are found.

| < Back | |Genemhe | | Cancel |

N
o}
D¢ P

YSHI ¢ S O
K E 5 Jbnsg

Figure7.2. IP Configuration

DSy S NRIAG A y2ZR I8bEERd 7t RiA XiSh & R A Y

of 201

YSaa
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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.

Language: Verilog

Generated files:

cfg: TSE_IP.cfg

Component TSE_IP' is successfully generated.
IP: tse_mac  Version: 2.0.0
Vendor: latticesemi.com

IP-¥ACT_component componentxml
IP-XACT_design: design.xml
black_box_verilog: ril/TSE_IP_bb.w

dependency_file: eval/dut_instv
dependency_file: eval/dut_params.v

IP package file: TSE_IP.ipx
template_verilog: misc/TSE_IP_tmplv
dependency_file: testbench/dut_instv
dependency_file: testbench/dut_params.v
timing_constraints: constraints/TSE_IP.ldc
template_vhdl: misc/TSE_IP_tmpl.vhd
top_level_system_verilog: rtl/TSE_IP.sv

[ Insert to project

5 1/ f
TAS

< Back Finish

Figure7.3. Check Generated Result

COYymaK (KS ISYSNIGSR FAES& | NB/ NBI DERN @ RBNWISYKS yR NI
f Ra CAKIZMNS Ay

7.1.1. Generated Files and File Structure

The generated SE MA@ odulepackage includes the black basGQomponent name>_bh.and instance templates

(<Component name>_tmpl.v/vinthat can be used to instantiate the core in a depel design. An example RTL-top
level reference source filcComponent name>).that can be used as an instantiation template for theduleis also
provided. You may also use this ttgvel reference as the starting template fgour top-leveldesign. The generated

files are listed imMable7.1.
Table7.1. Generated File List

Generated File

Description

<Component name>.ipx

This file contains the information on the files associated to the generated IP.

<Component name>.cfg

This file contains the parameter values used in IP configuration.

component.xmi

Contains the ipxact:component information of the IP.

design.xml

Documents the configuration parameters of the IP kXWRCT 2014 format.

rtl/<Component name>.v

This file provides aaxample RTL top file that instantiates the module

rt/<Component name>_bb.v

This file provides the synthesi®sedbox.

misc/<Component name>_tmpl.v
misc /<Component name>_tmpl.vhg

These files provide instance templatefor the module

testbench/tb_top.v

Top testbench for MAGNIly configuration

constraint/<Component name>.ldc

Presynthesis onstraintfile.

eval/tb_top_eval.v

Top testbench for MAC + PHY configuration

eval/constraint.pdc

Postsynthesis constraint file
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7.2. Design Implementation

Completing your design includes additional steps to specify analog properties, pin assignmetitsjramand physical
constraints. You can add and edit the constraimig the Device Constraint Editor or by manually creating afiRDC

PostSynthesis constraint filespdc) contain both timing and notiming constraint.pdcsource files for storing logical
timing or physical constraints. Constraints that are added using the Device Constraint Editor are saved to the
active pdcfile. The active possynthesis design constraint file is then used as input for-pgsthesis processes.

For more information orhow to create or edit constraints arftbw to use theDevice Constraint Editprefer to the
relevant sections in theattice Radiant Software User Guide

7.3. Timing Constraints

To ensure proper design coverage and hardware functionglity must include the following necessary constraints in
your design for the IP projecthe timing constraints are based on the clock frequency used. The timing constraints for
the IP are defined in relevant constraint files. Tokowing example shows the IP timing constraints generated for the
TSHP.

The content of the filshould be used as reference to constrain theotty, you must modify the constraints according
to system level implementation. For example, the default clock period of clk_iris (D0 MHz), if this clock is driven
by 125 MHz clock iyour project, the clock period of the constraint must be changed ts8

For more information on timing constraints, refer to thattice Radiant Timing Constraints Methodology Application
Note (FPGAN02059)

7.3.1. Timing Constraints Filesfic)

Timingconstraintsfiles (sdc) are generated automatically during IP generation. There is no action requirgebtoio
include it inthe project. It contains akhe constraints for some common clockstbé IP.

- Input Files
~ |y TSE_IP/TSE_IP.ipx
3 RTL Files

- Constraint Files
constraints/constraint.sdc
3 Testbench Files
3 Driver Files
TSE_IP.cfg

Figure7.4. Timing Constraint File ¢dc) for the TSHP

7.3.2. PostSynthesis Timing Constraint Files (.pdc)

Some interndl generated clocks can only be constrained after design synthesis. Those clocks must be constrained for
PAR timing closure. For IP level psghthesis timingonstraints multiple pdcfiles are provided, refer tdable7.2.

Table7.2. Project Constraint Files

File Name Description
Virtual ¥ Ofile: Thevirtual_io.pdcfile provides essential I/O constraints for designs
eval/constraintkirtual_io.pdc targeting devices with limited physical I/O resources. It enables th

to be synthesized and implemented successfully by defining virtug
1/0 assignments that help the design fit within the availalzpazity.

Nexus SERDES Clocks Constfat Thempcs_clks_eval.pds a constraint file for Nexus SGNBERDES)
eval/constraintmpcs_clks_evaldc It defines clockspecific constraints required for proper evaluation
and implementation of the design. It ensures that certain critical
clocks are sourced directly from tlespected sourcePLLcore or
CLKDIFFIere. It is usedwvith the top wrapper,
eval/mpcs_clks_evalipcs_clks_eval,vefer toFigure7.5.
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Note: The content of the filenustbe used as reference to constrain the IP olgumust modify the constraints according tioe
systemlevel implementation.

- Input Files
~ [4) TSE_IP/TSE_IPipx
» RTL Files
» Constraint Files
» Testbench Files
b Driver Files
TSE_IPcfg

i) TSE_IP/feval/mpcs_clks_eval/mpcs_clks_eval.v
Pre-Synthesis Constraint Files
- Post-Synthesis Constraint Files
TSE_IP/eval/constraint/mpcs _clks_eval.pdc

Figure7.5. Nexus SERDES Clocks Constilat

7.4. Specifying the Strategy

The Radiant software provides two predefined strategiédgsea and Timing. It also enables you to create customized
strategies. For details on how to create a new strategy, refer tStinategiessection of thelLattice Radiant Software
User Guide.

7.5.  Running Functional Simulation
You can run functional simulation after the IP is generated.

7.5.1. MAC Only Configuration
To run functional simulatiarfollow these steps

1. /f)\é@ﬁjd‘z@ﬁzy f 2 0B a &ifRI BN AGERY detSH G Ay 2 AT I NR

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: rt_sim

Project location:  C:flscc/proj/tsemac Browse...

Simulator
@ Questasim

Questasim Qrun

EA 1nvoke

Process Stage
@ RTL

< Back Next > Cancel

Figure7.6. Simulation Wizard
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Simulation Wizard ?

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

Source Files: T

Cflscc/projftsemac/TSEMAC_IP/testbench/lscc_oddn_softw
Ciflscc/proj/tsemac/ TSEMAC_IP/testbench/lscc_pkt_mon_gbclv
Ciflscc/praj/tsemac/ TSEMAC_IP/testbench/lscc_pkt_mon_sgtsw
C:/flsec/praj/tsemac/ TSEMAC_IP/testbench/pmi_ram_dp_sim.v
Ciflscc/proj/tsemac/ TSEMAC_IP/testbench/tb_top.v
C:/flscc/prajftsemac/TSEMAC_IP/testbench/tse_mac_ahb_master.v
Cflsec/projftsemac/TSEMAC_IP/testbench/tse_mac_axidl_masterv
C:/flscc/projftsemac/TSEMAC_IP/testbench/tse_mac_defineswv
C:/flscc/projtsemac/TSEMAC_IP/testbench/tse_mac_output_monitor.y
Ciflsec/projftsemac/TSEMAC_IP/testbench/tse_mac_scoreboard.v
C/flscc/projftsemac/ TSEMAC_IP/testbench/tse_mac_traffic_genwv

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

L =

Cflscc/proj/tsemac/ TSEMAC_IP/rtl/ TSEMAC_IP.w =

< Back Next > Cancel

Figure7.7. Add and Reorder Source
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Parse HDL files for simulation
Parse HDL files for simulation.

Simulation top parsing finished.

- Analyzing VHDL file 'C:/Iscc/radiant/2024.1.370/cae_library/synthesis/vhdl/lav-ate.vhd' (VHDL-1481) N
— Analyzing VHDL file C:/lscc/radiant/2024.1.370/cae_library/synthesis/vhdl/lav-ate.vhd

- Analyzing Verilog file 'C:/Iscc/proj/tsemac/ TSEMAC_IP/rtl/TSEMAC_IP.v' (VERI-1482)

- Analyzing Verilog file 'C:/lscc/proj/tsemac/ TSEMAC_IP/testbench/lscc_oddrx_soft.v' (VERI-1482)

-- Analyzing Verilog file 'C:/Iscc/proj/tsemac/ TSEMAC_IP/testbench/lscc_pkt_mon_gbcl.v' (VERI-1482)

- Analyzing Verilog file 'C:/lscc/proj/tsemac/ TSEMAC_IP/testbench/lscc_pkt_mon_sgts.v' (VERI-1482)

-- Analyzing Verilog file 'C:/lscc/proj/tsemac/ TSEMAC_IP/testbench/pmi_ram_dp_sim.v' (VERI-1482)

- Analyzing Verilog file 'C:/lscc/proj/tsemac/ TSEMAC_IP/testbench/tb_top.v' (VERI-1482)

-- Analyzing Verilog file 'C:/lscc/proj/tsemac/ TSEMAC_IP/testbench/tse_mac_ahb_master.v' (VERI-1482)

- Analyzing Verilog file 'C:/Iscc/proj/tsemac/ TSEMAC_IP/testbench/tse_mac_axi4l_master.v' (VERI-1482)

-- Analyzing Verilog file 'C:/lscc/proj/tsemac/ TSEMAC_IP/testbench/tse_mac_defines.v' (VERI-1482)

- Analyzing Verilog file 'C:/Iscc/proj/tsemac/ TSEMAC_IP/testbench/tse_mac_output_monitor.v' (VERI-1482)
-- Analyzing Verilog file 'C:/lscc/proj/tsemac/ TSEMAC_IP/testbench/tse_mac_scoreboard.v' (VERI-1482)

Analyzing Verilog file 'C:/lscc/proj/tsemac/ TSEMAC_IP/testbench/tse_mac_traffic_gen.v' (VERI-1482)
-- Analyzing Verilog file 'C:/lscc/proj/tsemac/ TSEMAC_IP/testbench/VLO.v' (VERI-1482)

Hdl files parsing messages are saved at: C:/lscc/proj/tsemac/rtl_sim/hdlparser.log

Simulation Top Module: | th_top hd

< Back Next > Cancel

Figure7.8. Parse HDEiles for Smulation
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Summary

Simulator : QuestaSim Qrun

Project Name : rtl_sim

Project Location : C:/Iscc/proj/tsemac

Simulation Stage : RTL

Simulation Files :
C:/Iscc/projftsemac/TSEMAC_IP/rtl/TSEMAC_IP.v
C:fIscc/proj/tsemac/TSEMAC_IP/testbench/Iscc_oddmx_softv
C:/Iscc/proj/tsemac/TSEMAC_IP/testbench/Iscc_pkt_mon_gbclyv
C:/Iscc/projftsemac/TSEMAC_IP/testbench/Iscc_pkt_mon_sgts.v

[ vLaunch simulator GUI

D Design Optimization - Full Debug D Add top-level signals to waveform display
B Rrun simulation
Default Run 100.000 ns ~ (0 means 'run -all’)

Simulator Resolution | default  ~

< Back Finish Cancel

Figure7.9. Summary
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file Edit View Add Format Jools Bookmarks Window Help
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0ps to 167275500 ps axis_rx_tvaiid_o

Figure7.10. Simulation Waveform
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7.5.2. SGMII(LVDSPnly Configuration

To run the Verilog simulation, follow these steps:

| RR TS 2 g RS Tl RA Gy Naif AT S a

1 SPAfARAAPBOR X ULIKEPNIOE & WBOKSAaA A YR
1 SOIfkaaYAAMGES@INI kalAoYydat 2 LA 2y 2y &

1.

2. wSLISI
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AAYdzZ FGA2Y

4
4
4
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- Input Files

~ |4) TSE_IP/TSE_IP.ipx

RTL Files
Constraint Files
Testbench Files
Driver Files

TSE_IP.cfg

iz} TSE_IP/eval/sgmii_eval/sgmii_phy_eval.v
i TSE_IP/eval/sgmii_eval/th_top.sv
Pre-Synthesis Constraint Files

Figure7.11. Add SGMIIEvaluation Topand Testbench in Input Files
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7.5.3. SGMII SERDB®nly Configuration

To run the Verilog simulation, follow these steps:

| RR TRKS 2 oA ¥ IO RS A BERIE Y DGt MBAGE S a

1 SOOIt kAAYAAFEDENKAD YR ILIPA 2y 2y &

1.

2. wSLISIH U

Input Files
) TSE_IP/TSE_IP.ipx

b
b
k
b

RTL Files
Constraint Files
Testbench Files
Driver Files

TSE_IP.cfg

ol TSE_IP/eval/sgmii_eval/th_top.sv

Figure7.12. Add SGMIITestbench in Input Files
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7.5.4. MAC +SGMII(LVDSand MAC SGMIl SERDBE onfiguration
To runthe Verilog simulationfollow these steps
I RR SICK & « GAomRIND LAOA Y defh Iy G X KB & B BRENF IMaRGE ACHATE 48 &

1.
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i Input Files

~ |4/ TSE_IP/TSE IPipx
3 RTL Files
3 Constraint Files
K Testbench Files
4 Driver Files

TSE_IP.cfg

.l TSE_IP/eval/tb_top.sv

Figure7.13. AddMAC + SGMEvaluation Top Testbench in Input Files
2. wSLISIHG aid68Kd /m hiypt & /AL/G OMREWHIYA ZIKS aAYdA | GA2Yy O

7.5.5. Simulation Results

The figure belowshowsan overview of the simulation waveform. Thellowing describethe operations performed by
the testbench whichcorrespondto the labels in the waveform diagna:

1. t SNF@R{NY NBaSio
2. | 2y FAEKENSE o

3. { SYRKSNY Sy OMIIKS ¢ YR w- RANBOGAZYAD

. Wave - u] *
File Edit View Add Format Jools Bockmarks Window Help

| Wave - Defauit + ) x]
H-gE S )RBD | O-AE || SRHERMN|| & 4 = |55 100 0o 4 ElEEH sipal| et -2 B-2-DR-F || [x @l LT B
EEW®A L £ J| JeeoE| Seach vigpH e || QQOQ B3R || [T 11 imI l

Figure7.14. Simulation Waveform Overview

Figure7.15shows the details of operation 3 froFigure?7.14. The following describes thabelsin the waveform
diagram
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136779051 ps to 142006411 ps | mii_gmil_txd_o

Figure7.15. Simulation Waveform: ConfiguringSE MACFrame Transmission and Reception

The figure belovshowsthe simulation output at the beginning of the simulation. TR8HP configurations are
displayed, followed bgreset sequence. After thathe TX and RX traffic generatistarts.
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# Start collect RX Packet

#

I +

# | PRRAMETER | VRLUE

e ————————— +

# | INTERFACE | AXI4L

# | SGMII_TSMAC |0 |

# | STANDARD MII/GMII |1

# | CLASSIC_TSMAC | 0

# | GBE_MAC |0 |

# | RGMII |0 |

# | MIIM MODULE | 0 |

e e e e e e +

# INFO :: @3040ns tb_top.drive_reset() :: Driving reset pin to 1

# INFO :: @43040ns tb_top.drive_reset() :: Driving reset pin to 0

# INFO :: @43840ns tb_top.drive_reset() :: Driving reset pin to 1

# MSG :: @56340ns tb_top.test_runner() :: Setting random seed to default 1

# MSG :: @56340ns tb_top.test_runner() :: Setting num tran_ui to default 1

# MSG :: @56340ns th_top.test_runner() :: No testcase name passed with +test option,sc calling basic testcase-test basiC......ivssssscsanas
VSIM 7> run -all

# MSG :: @137748ns tb_top.U_traffic_gen.tx_fifo_data_write() :: TX Traffic Generation.....
# MSG :: @13791l€éns tb_top.U_output_monitor() :: Sampling data from the TSE-MAC Transmitter.....
# WRITE TO Data Stream FIFO: Data size: 200 time: 139460

# MSG :: @13947éns tb_top.U _traffic_gen.gen rx data() :: RX Traffic Generatiom.....

Figure7.16. Simulation Output Beginning othe Simulation

For everytransmitted frame, the content afhe expected frame and monitored frame are displayed as shovthen

following figure.

B
# | FIELD | EXPECTED | GOT

L T
# | FRARME SIZE | 214 | 214

# | DAIA | Oxdeac80000043deac | Oxdeac80000043deac
# | DAIR | 0x475cc80030000048 | 0x475cc80030000048
# | DATRA | 0x€a078c2cd0b43986 | 0x€a078c2cd0b43986
# | DAIA | 0xc9a423ecT3dbedll | 0xc9a423ecT3dbedll
# | DATA | 0x4922b0%d67d4dE39 | 0x4982b0%dE7d4dE39
# | DAIR | 0x5dc82ae3931c20d9 | 0x5dc82ae3931c20d9
# | DATR | 0xd05952123592b843a | 0xd0595212392b843a
# | DATA | 0x€90£00bbaédb97€e | 0x€90£00bba6db97€e
# | DAIR | 0x77€95190cfc5590c | 0x77€95190cfcS5590c
# | DAIR | 0x3086bTh8cd%bdida | 0x308ébTb3cddbdada
# | DATR | 0x018be%7€07d4b577 | 0x018be%7€07d4b577
# | DATA | Oxafé€éaf3lcS5c280db | Oxafé€af3lcS5c280db
¢ | DAIR | 0xéQeeS5elef0EfBes | OxéQeeS5elef0Efdes
# | DAIR | 0xB16e77el296428e5 | 0x8l€e77el296428e5
# | DATR | 0x8e7dfl0faaf063dsS | 0x3e7dfl0faaf063dsS
# | DATA | 0xbS4aafSbefab3ce2 | 0xbS4aafSbefa%3ce2
¢ | DAIR | 0x713a99L751651313 | 0x713a99L751651313
# | DRIR | OxcSedeS5597d2ae4E2 | 0xc9ede5597d2aed62
# | DATR | Oxbda20€670cddbafdl | Oxbda20670cddbafdl
# | DATRA | 0x5cf€78257bS0dcEa | 0x5cf€78257bS0dcEa
¢ | DAIR | 0xcelc730ebbc87923 | Oxcelc730ebbc87923
# | DATR | 0x380c75£4b3b%59d4 | 0x390c75£4b3b%59d4
# | DAIA | 0x8d08b3024e051502 | 0x3d08b3024e051502
# | DATA | 0x25407b4cfS90edaf | 0x25407b4cfS590e8af
# | DATA | 0x50c030bc292d700d | 0x50c030bc292d700d
# | DATR | O0xbc€a945df5£54dal | Oxbc€a945df5£54dal
# | DAIA | 0x0000930746fa%ehe | 0x000093074€fa%ebe
# 4

Figure7.17. Simulation Output:Transmitted Frame

For every received frame, the contenttbe expected frame and monitored frame are displayed as shimwhe
following figure At the end ofthe simulation,the number of transactions anthe number of detected errors are
displayed The smulation shows aPassedstatusif no error is detected
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# MSG :: @140220ns tb_top.U_output_monitor.collect_rx frame() :: Sampling data from the TSE-MAC Receiver.....
2

#+ +
# | FIELD | EXPECTED | GOT |
# + +
# | FRAME SIZE I 218 | 218 |
# | DRIA | Oxdeac800000428deac | Oxdeac20000048deac |
# | DRTA | 0x5086c80080000048 | 0x5086c80030000048 |
# | DRTR | 0x734b98c5¢c12935£5 | 0x734b%8c5cl2935£5 |
# | DATA | Oxeéleala%al4eSaec | Oxe6leala%ad4elaec I
# | DRIA | 0xc87938%e8d2a2a9f | 0xc87938%e3d2a2a9f |
# | DRIA | 0xb%c4babécTéblica | 0xbSc4babécTéblica |
# | DRTR | Oxbd32f2fa8é7fb492 | 0xbd32£2fa867fb452 |
# | DATA | 0xObfbSeala%caedSd | 0xObfbSealadcae4fd I
4 | DRIA | Oxael88€b8f7536c9ef | Oxae88€b8f7536clef |
# | DRIA | 0x0dlec24b2d28929b | 0x0dlec24b2d28929b |
# | DRTR | 0x53d83b4l8édllsec | 0x53d83b4l8édlleec |
# | DATA | 0xb812d287304e25b5¢€ | 0xb2812d37304e25b56 I
# | DATA | 0xal27c8812bale539 | 0xal27c88l2bale539 |
# | DRIA | 0xbl9€12149€58041% | 0xbl9€12149€58041% |
# | DRTR | 0xa78427adf52bedS55 | 0xa78427adf52bedS5 |
# | DATA | 0x2aalS5lc9db49b9%e7 | 0x2aal5lc9db49b%e? I
# | DRTA | Ox€£€8£e727c8345fa | 0x€£€8£e727c8345fa I
# | DRIA | 0xcOcS5S£€284038£08¢€ | 0xc0cS£6284038£08¢€ |
# | DRTR | 0xell5622a3cb03974 | 0xell5&22a3cb03974 |
# | DATA | 0x5a8dcl2586€c94317 | 0x5a8dcl2586c94317 |
# | DRTA | 0x9ef7b63b710c2c07 | 0x9%ef7b63b710c2c07 I
# | DRIA | 0x0dddb472a020555¢c | 0x0dddb472a020555¢c |
# | DRTA | 0xe3038f7bfd%e794b | 0xe3038f7bfd%e794b I
# | DRTA | 0xf£852ede09544blld | 0xf£852ede09544blld |
# | DRTA | Ox€al7908c4684528d | 0x6al7908c4684528d I
# | DRIA | 0x25a€8bba&07caadd | 0x25a€8bbaél7caatd [
# | DRIA | 0x13€74b3dl449a232 | 0x13€74b3d144%a232 I
# | DRTA | 0x0000000000001€01 | 0x0000000000001601 |
i+ +
# MSG :: @397240ns tb_top.post_process()

# MSG :: @397240ns tb_top.post_process() Errors detected in CHECKER
4 MSG :: @397240ns tb_top.post_process() Number of Transacticns
# MSG :: @397240ns tb_top.post_process()

# MSG :: @397240ns tb_top.post_process() : SIMULATION PASSED
# MSG :: @397240ns tb_top.post_process() ::

# ** Note: $finish : C:/lscc/proj/tsemac/TSEMAC_IP/testbench/tb_top.v(979)

# Time: €37240 ns Iteration: 1 Instance: /tb_top

Figure7.18. Simulation Output: Received Frame arfthd of Simulation
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8. Known Issues

This section provides information &mown issueshat havea fixplannedfor future releases

8.1. RXSat Vector Limitation for Carrier Event Previously Seen (bit[27]) and Packet
Ignored (bit[26])

8.1.1. Devices Affected
All devices

8.1.2. Designs Affected
This issue affectall IPdesignoptionsfor both MAConly and MAC +SGMIIP option.

8.1.3. Issue Details

This ssueaffects onlystatisticsvector logging and does not impaggularpackettransmissionskror transactionsare
also uraffected wherebycrc_error or rx_error_are asserted to indicat¢he erroneouspackesthat are dropped.

TheRXstatistic vector counter relatd behavioror logging forbits[27:26] have erroneoulsehaviorwhen error packets
are beingreceived However, for erroirelated detection, theCR@rror (bit[25]), length check error (bit[24hnd
unsupported opcode errofbit[19]) stat vectors are working as intended.

No issuesre observedwith valid or uncorrupted packets.

8.1.4. Planned Fix
Lattice intends to resolve this issue in a future revision offtheSpeed EthernetP core.

8.2. Erroneous Length/Typélandlingwhen the L/T isSmaller than 46

8.2.1. Devices Affected
All devices.

8.2.2. Designs Affected
This issue affects dP design options for botMAC onlyand MAC + SGMIP option

8.2.3. Issue Details

This issue impactsnly packetsthat are sent with erroneous L/T fields and specifically with a value thasghan or
equal to 46. Foexample,a packethat has a size of 73 but wrapped with an L/T value of 46 (erroneous packet) will see
this issueln this case, the packet passthroughthe MAC without any error flag.

This behaviodoes notaffectvalid packes with valid L/Tvaluesless than or equal to 46, or erroneous packetthvi/T
valuesthat are greaterthan 46.

8.2.4. Planned Fix
Lattice intends to resolve this issue in a future revision of thé&Speed Ethernet IP core.

8.3. Error Handlingvhenrx_fifo_error_o is Asserted

8.3.1. Devices Affected

All devices.
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8.3.2. Designs Affected
This issue affects all IP design options for bd&Conly and MAC + SGMIP option.

8.3.3. Issue Details

This issue occurs when the rx_fifo_error_o signal is assdrditatingthe RX FIFO is fullhere may be issues with the
packets following the deassertion of this signal. Therefore,pastdisregard the next 2,048 bytes of deadfter the

signal is deasserted\fter that, wait until a tlast is detected, and upon tlast deassertion, the following packets after that
can be consumed as regular enfoee packets.

8.3.4. Planned Fix
Lattice intends to resolve this issue in a future revision of th&Speed Ethernet IP core.

8.4. SGMII Receiver Sampling Behavior at 100 Mbps and 10 Mbps

8.4.1. Devices Affected
All devices.

8.4.2. Designs Affected
Linkpartnerside receiverSGMIrunsat 10/100Mbps rate.

8.4.3. Issue Details
SGMII leverages the PCS and serialization mechanisms defined in the IEEE 802.3 10G@pBi¢ation

Usingl00Mbps asan example when a START_ERROR condition occurs in the 1000BRSt&te Machine the
transmitter sends a specific sequené®, FE, FE, FE, FE, FE, FE, FE, FE, FE

1 cycle of /S/ $tart of Erroyalso referred to as FB)

9 cycles of /V/Error Propagatiopalso referred to as FE)

The SGMII specification does not define where the receivest sample the data during 100 Mbps and 10 Mbps
operation. As a result, the sampling point is implementatitapendent and left to the discretion of the designer.
On thelink partner side,the receiver may sample at different points within the-dycle sequence

1 Samplingon the first cyclecapturesthe FB

1 Samplingon cycles Zhrough 10 captures theFBFE

In this implementation, thelevice under testldUT) transmits the correct sequence during START_ERRMBugh the

DUT behaves correctlimk partner side receives may implement different sampling logil.the receiver samples at

the first cycle, it captures the FB symbol and correctly decodes the frame as a START_ERROR. However, if sampling
occurs at a later cycléof examplecycle 2andbeyond), the receiver may capture FE instead, which can cause the
packesto drop.

8.4.4. Planned Fix

This behavior is not considered a defect and will nofiked. It serves as a reminder that receiver implementations on
the link partner side may vary, at lower speeds (100 Mbps and 10 Mbps), and could result in different sampling
outcomes.
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9. Debugging

This section lists possible issues and suggested troubleshooting steps that you can follow.

9.1. Debug Methods

The methods outlined here help isolate root causes, verify configurations, and ensure stable operation across hardware
and simulation environments.

9.1.1. HardwareDetection or LinkUp Failure

9.1.1.1. Hardware SetupChecks

1 Refer tothe Radiant Programming Todliser Guide orthe Help option inthe Radiant Programmer Tools
Software for hardware detection guidance.

1 Ensureastablepower cycle on the development kit and tools.
1 Check for faulty hardware components.

9.1.1.2. Designand Configuration Validation

1 Verifythat the selectedP option (MAC only / PHY only / MAC + PHY) is correct and compatible witingibie
device family.

1 Confirmthat the Lane ID and pin assignments are aligned with the device schematics.
91 Ensure timing closure for the user designreviewinghe Place & Route Timing Analysis Report

1 Confirmthat the PLLs locked andthat the reference clock frequenayr stability meet requirementsincluding
the £100-ppm tolerancefor TriSpeed Ethernetand properclock domain crossing.

9.1.1.3. Debugging Techniques

1 Monitor link-up status usinghe an_link_ok o and pma_ready signalso ensurethat PHY initializatiomas
completed successfily.

Verifythat MAC register configuratiois completeby performingwrite and readback chesk
Probethe Milinterfacesor AXIS interface® isolate failures

Run simulatiorbased debugging to validate design behavior

Use theprovidedhardware example desigmefer tothe Example Desigsection

=A =4 =4 =4

1 Debug using loopbadaonfiguratiors to isolatethe issue betweed SE IRndExternalPHY.

9.1.1.4. Status Monitoring
1 Investigate packet corruption gracketloss.
1 Debug using statistics counters.

9.2. Debug Tools

This section introduces key debugging tools available in the Ragtitiniare suite for analyzing and resolving
integration issuesThese tools provide visibility into signal behavior, clock stability, and data path integrity, enabling
engineers to isolate problems quickly and validate design functionality.

9.2.1. Reveal Analyzer

Refer tothe Reveal Inserter and Reveal Analyzer User Guishe the Radiantsoftware. The following listshe signals
that might be useful to monitor ithe Reveatool:

1 Reset assertion
1 Clockfrequencycorrectness and stability
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PLUock status

CDRock status

PHY readindication

MAC register configuration completion
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Data path for the desigwhenthere is data corruption
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10. Design Considerations

This section includes design considerationensuring a successful design
1 Share PLL resources where applicablefgtmize resourcauitilization.
1 Always use a clean reference clock for SERDES and avoiddabeit clocks for SERDES.

1 Ensure that the locking methodology for lane merging and lane assignment strictly felloavspecifiedPHY
requirements Refer tothe LaneMergingsection for details and requirements.

1 Achieve iming closurdby goplying proper designconstraints Avoid unnecessary CDC crossing, and keep MAC
and PHY in the same clock domain wéegr possible
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Technical Support Assistance

Submit a technical support case througivw.latticesemi.com/techsupport

For frequently asked questions, refer to the Lattice Answer Database at
www.latticesemi.com/Support/AnswerDatabase
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Appendix A. Resource Utilization

The following tableshows the sample resource utilization of the-$geed Ethernet IP core for the
LAVAT-G70-1LFG67kdeviceusingthe Synplify Praool of the Lattice Radiant software 262. Thedefault
configuration is used, and some attributes are changed from the default value to show the effect on the resource
utilization.

Table Al. IPResource Utilizatiorfor an Avant Device

Configuration Registers LUTs EBRs PLL
SelectiP Others= Default 5,293 7,227 5 1
Option: Select MAC $GMI

MAC + SGMII (LVDS) (LVDS)

(default) Operating Option: 5,293 7,227 5 1

Gigabit Ethernet,
Others = Default

SelectP Others= Default
Option: 2,691 4,817 1 1
SGMII (LVDS) only
SelectP Others= Default
Option: 4,337 4,770 5 0
MAC + SGMII (SERD
SelectP Others= Default
Option: 1,524 2,140 1 0
SGMII (SERDES) only
SelectP Option Others= Default 2,904 2,704 5 0
MAConly HostInterface

AHBL, 2,984 2,995 5 0

Others= Default
HostInterface
APB, 2,897 2,635 5 0
Others= Default
SelecMAC
Operating
Option Gigabit 2,767 2,388 4 0
MAC,

Others= Default
SelecMAC
Operating
Optiont SGMII 2,789 2,531 4 0
EasyConnect,
Others= Default
SelecMAC
Operating Option:
RGMII, 2,847 2,596 4 0
Others= Default

SelecMAC
Operating Option:
RMII,

Others= Default
Statistics
Counter Option:
Checked,

Others = Default

2,868 2,599 4 0

6,701 6,070 5 0
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Configuration

Registers

LUTs

EBRs

PLL

Enable Half Duple
Module:
Unchecked,
Enable AXIS FIFO
Functionality:
Unchecked,
Others = Default

2,298

2,070

The following table shows the sample resource utilization offifiSpeed Ethernet IP core for the

LFCPNX0-7ASG256ieviceusing the Synplify Pro tool tie Lattice Radiant software 2621 The default

configuration is used, and some attributes are chanfyeth the default value to show theffecton theresource

utilization.

Table A2. IPResource Utilizatiorfor a CertusPreNX Device

Configuration

Registers

LUTs

EBRs

PLLs

SelectPOption:
MAC + SGMII (SERD
(default)

Others= Default

4,170

4,923

SelectPOption:
SGMII (SERDES) only

Others= Default

1,409

2,201

SelectP Option

Others= Default

2,825

2,930

MAConly

HostInterface
AHBL,
Others= Default

2,916

3,147

HostlInterface
APB,
Others= Default

2,818

2,882

SelectMAC Operating
Option

Gigabit MAC,
Others= Default

2,679

2,628

SelectMAC Operating
Option

SGMII Easgonnect,
Others= Default

2,704

2,778

SelectMAC Operating
Option

RGMII,

Others= Default

2,762

2,842

SelectMACOperating
Option:

RMII,

Others= Default

2,783

2,820

StatisticsCounter Option
Checked,
Others = Default

6,621

6,400
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Configuration

Registers

LUTs

EBRs

PLLs

Enable Half Duplex
Module:
Unchecked,
Enable AXIS FIFO
Functionality
Unchecked,

Others = Default

2,311

2,136
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Revision History

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.

wSOARARtY OH PHBHAE al NDOK
Section Change Summary

Abbreviations in This Document| Added the following abbreviationsAP| CTC, DDR, DIP, EBR, FMC, GbE, GMII, GPLL, H
LED, LUT, LVDS, Mil, MPPHY, PMA, PTP, RENMIRX/TX, SDC, SFP, VLAN.

Introduction UpdatedTablel.2. TSE IP CoBupport Readinegs include CertudN2 devicanformation.
Functional Description Updatedthe Clocking Overviewection.
Example Design 1 UpdatedTable6.1. TSHP Configuration Supported by Example Design
1 Updatedthe IP Installation and Generatigection.
Debugging Added this section.
Design Considerations Added this section.
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Section Change Summary

All Updated the IP version on the cover page.

Introduction UpdatedTable 1.1. Summary of the TSE IP Core

Updated theFeaturessection

Updated thelLicensing and Ordering Informatigection.

Updated theClocking for SGMII (LVDS) Gagtion.

Updated theClocking for SGMII (SERDES) €adijon.

Added theLane Mergingection

UpdatedTable 3.2. MAC Only Mode Attributes

UpdatedTable 3.3. SGMII (LVDS) Only Mode Attributes

UpdatedTable 3.4. SGMII (SERDES) Only Mode Attributes

UpdatedTable 3.5. SGMII (SERDES) Only Mode Attributes

UpdatedTable 3.6. MAC + SGMII Mode Attributes

UpdatedTable 3.7. MAC + MPCS Mode Attributes

Updated the following tables:

1 Table 4.4. AXt&tream Transmit Interface Ports

1 Table 4.5. AXt&tream Receive Interface Parts

1 Table 4.19. SGMII (LVDS) Only Clock and Reset Interface Ports

1 Table 4.26. SGMII (SERDES) Only Clock and Reset Interface Ports on Nexus|

1 Removed Table 4.23. SGMII (LVDS) Only MDIO Int&fatse

1 Removed Table 4.383GMII (SERDES) Only MDIO Interface Ports on Nexus Device

1 Added pcs_usr_clk_i signalTable 4.33. SGMII (SERDES) Only Clock and Reset
Interface Ports on Avant Devices

1 Removed Table 4.39 SGMII (SERDESMDiY Interface Ports on Avant Devices.

1 UpdatedTable 4.43. MAC + SGMII (SERDES) Clock and Reset Interface Ports on
Devices

1  Added pcs_usr_clk_i signalTable 4.48. MAC + SGMII (SERDES) Clock and Reset
Interface Ports on Avant Devices

Functional Description

IP Parameter Description
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Signal Description

Register Description Updated the description for the hden registerTiable 5.4. Transmit and Receive Control
Register
Example Design 1 UpdatedTable 6.1. TSE IP Configuration Supported by Example Designs

1 Updated thelmporting Versa Files into a Projestction.
1 Updated theHardware Setup for AvasX Versa Board with SGMII SERDES Hardwar|
Example Desigsection.
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Section

Change Summary

Known Issues

Added theSGMII Receiver Sampling Behavior at 100 Mbps and 10 $¢bfien.

Appendix A. Resource Utilizatior]

Updated thefollowing tables:
1 Table A.1. IP Resource Utilization for an Avant Device
1 Table A.2. IP Resource Utilization for a CertudPtdevice
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Section

Change Summary

Introduction

1 UpdatedTable 1.2. TSE IP Core Support Readiness.
1 Updated theHardware Supporsection.

Functional Description

1 Updated the following tables:
1 Table 2.1. Operation Options.
1 Table 2.2. Summary of Implementation Options.

1 Updated the title forFigure 2.12. Detailed Block Diagram of the SGMII (LVDS) Only
Mode.

1 Updated the following sections:

SGMII (SERDES) Only Mseetion.
MAC + SGMII (SERDES) Msmtgion.
Clocking for SGMII (LVDS) Geglgtion.
Clocking for SGMII (SERDES) Skdtion.
Reset Overviewection
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IP Parameter Description

1 Updated the following sections:
1  General Attributesection.
1 SGMII (SERDES) Only Mode Attributes (Nexus Desgction.
1 MAC + SGMII (SERDES) Mode Attritageson.
1 Added theSGMII (SERDES) Only Mode Attributes (Avant Desemsg)n.

Signal Description

Updated the followingections:

AXl4Stream Transmit Interface section.
AXl4Stream Receive Interface section.
SGMII (LVDS) Only Interfaces section.
SGMII (SERDES) Only Interfaces section.
MAC + SGMII (LVDS) Interfaces section.
MAC + SGMII (SERDES) Interfaces section.
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Register Description

UpdatedTable 5.1. Register Address Map.

Example Design

Updated theintroductory content in this section and tHellowing subsections:
Example Design Supported Configuration section.

RGMII Example Design section.

RMII Example Design section.

SGMII Example Design section.

Simulating the Example Design section.

Using Hardware Example Design section.
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Designing with théP

Updated the following sections:
1 Timing Constraints Files (.s@&ktion.

1 PostSynthesis Timing Constraint Files (.padgtSynthesis Timing Constraint Files
(-pdc)section.

Known Issues

Removedhe Fail to Handle CTC at RX/TX Rate Adapter Bieckisn.

Resource Utilization

Updated the following tables:
 Table A.1. IP Resource Utilization for an Avant Device.
i Table A.2. IP Resource Utilization for a Certu$Pftdevice.
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Section

Change Summary

All

f
f
f

Renamedrri-Speed Ethernet MAG Tri-Speed Ethernet

Updated the IP version on the cover page.

Added the following not®n SGMlinterface

Note The SGMII interface using LVDS I/O in Gé&t¥ysCertusPrdlX, MachXOBIX and
CrossLinlhNXFPGA$as limitations when operating across the full specified
temperature range. Lattice recommends using alternative interfaces, such as SER
RGMII, for designs requiring Gigabit Ethernet. Refer ti&timvledge Base articfer
details. Contact your local Lattice sales representative for more information.

Introduction

=
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Updated the Overview of the IP section.
Updated the IP Support Summary section.
Updated the following tables:

1 Table 1.1. Summary of the TSE IP Core.

1 Table 1.2. TSE IP Core Support Readiness.
1 Table 1.3. Ordering Part Number.

Updated theFeaturessection.

Updated the Hardware Support section.

Functional Description

=
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Updated the title for Figure 2.4. TSE IP Connected to External Ethernet PHY with
Interface via Embedded SGMII PCS IP.

Updated the Summary of Supported Operation Options section.
Updated the Summary of Implementation section.

Updated the MAC Only Mode section.

Updated the SGMII (LVDS) Only Mode section.

Added the SGMII (SERDES) Only Mode section.

Updated the MAC + SGMII (LVDS) Mode section.

Updated the MAC + SGMII (SERDES) Mode section.

Updated the Clocking section.

Updated the Hardware Requirements (Avant Devices) section.

IP Parameter Description

Updated the following sections:
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General Attributes section.

MAC Only Mode Attributes section.

SGMII (LVDS) Only Mode Attributes section.

GMII (SERDES) Only Mode Attributes section.
MAC + SGMII (LVDS) Mode Attributes section.
MAC + SGMII (SERDES) Mode Attributes section.

Signal Description

Updated the following sections:

Clock Interface section.

AXI4Stream Transmit Interface section.
AXI4Stream Receive Interface section.

Transmit MAC Control and Status Interface section.
Receive MAC Control and Status Interface section.
PHY Interface section.

Miscellaneous Interface section.

SGMII (LVDS) Only Interfaces section.

SGMII (SERDES) Only Interfaces section.

MAC + SGMII (LVDS) Interfaces section.

MAC + SGMII (SERDES) Interfaces section.

Register Description

Updated the description for SGMII PHY register in Table 5.1. Register Address Ma
Updated the [0x40@ 0x50C] SGMII and Gb Ethernet PCS Soft IP Register section.
SGMII and Gb Ethernet PCS Soft IP Register section.

Updated Table 5.35. PCS Control Register O.

Removed the [0x02B] PCS Control Register 11 section.

Example Design

=A|=2 =4 =8 =4 |- -8 -a oo s e oy

Updated helist of evaluation board.
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Section

Change Summary

Updated the Example Design Supported Configuration section.
Updated the RGMII Example Design section.

Updated the Hardware Testing with RGMII Example Design section.
Added the RMII Example Design section.

Updated the SGMII Example Design section.

Added the Simulating the Example Design section.

Updated the Using Hardware Example Design section.

Designing with the IP

Updated the Generating and Instantiating the IP section.
Updated the Timing Constraints sections.
Updated the Running Functional Simulation section.

Known Issues
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Updated the RX Stat Vector Limitation for Carrier Event Previously Seen (bit[27]) g
Packet Ignored (bit[26]) section.

1 Updated the Erroneous Length/Type Handling when the L/T is Smaller than 46 seq
1 Added the Fail to Handle CTC at RX/TX Rate Adapter Blocks section.

Rekrences

Added a reference link to th&i-Speed Ethernddriver APl ReferendEPGATN.02341)

Appendix A. Resource Utilizatior

1 Updated Table A.1. IP Resource Utilization for an Avant Device.
1 Updated Table A.2. IP Resource Utilization for a CertdsRrDevice.

wS @A EHEL2tyi ARSEATES YHONSHND

Section Change Summary
All Added IP version on the cover page.
Introduction 1 Updated Table 1.1. Summary of th&E MATP Core.

1 Added the IP Support Summary section.
1 Updated the Features section.
1

Renamed the section title IP Validation Summary to Hardware Support and update
content in the Hardware Support section.
Added part numbers for Certt/d2 device family.

]

Functional Description

]

Added Figure 2.6ISE MA@ Connected to External Ethernet PHY with Serial Interf
via SGMII Only Mode (All Devices).

1 Added the following sections:

1  Summary of Supported Operation Options section.

1  Summary of Implementation section.

Added Table 2.3. Speed Selection Configuration of the Simplified Clock Scheme D
Updated the Transmit SGMII Core section.

Updated the Receive SGMII Core section.

Added the SGMII Only Mode section.

Updated the MAC + SGMII Mode (Avant Devices Only) section.

Updated the section title MAC + MPS Mode to MAC + MPCS (CertixADevices
Only).

Updated the Clocking section.

Added the Clocking for SGMII Only Mode section.

Added the Hardware Requirements (Avant Devices) section.
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IP Parameter Description

Updated Table 3.1. General Attributes.
Added the following sections:

1 MAC Only Mode Attributes.

1 SGMII Only Mode Attributes.

T MAC + SGMII Mode Attributes.

T MAC + MPCS Mode Attributes.

1 Removed the following sections:

1 Configuration Attributes

1 SGMII PHY Settings
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Section

Change Summary

Signal Description

il

Updated the following tables:

Table 4.1. Common Clock Ports.

Table 4.6. AXi&tream Transmit Interface Ports.

Table 4.7. AXi&tream Receive Interface Ports.

Table 4.8. Transmit MAC Control and Status Interface Ports.
Table 4.9. Receive MAC Control and Status Interface Ports.
Table 4.10. MIlI/GMII Interface Ports.

Table 4.11. Gigabit MAC Interface Ports.

Table 4.12. SGMII Easy Connect Interface Ports.

Table 4.13. RGMII Interface Ports.

Table 4.14. RMII Interface Ports.

Table 4.20. Miscellaneous Interface Ports.

Table 4.21. SGMII Only Clock and Reset Interface Ports.
Added the following tables:

1 Table 4.2. Non Simplified Clock Scheme Design Clock Ports.
1 Table 4.3. Clock Frequencies of txmac_clk_i and rxmac_clk_i.
1 Table 4.4. Simplified Clock Scheme Design Clock Ports.
Added the SGMII Only Interfaces section.

Removed the following reference from the MAC + SGMII Interfaces section:

For more information, refer to the Lattice SGMII and Gb Ethernet PCS IP Core Us¢
Guide (FPGRPUG02077).
Added the following reference to the MAC + MPCS Interfaces section:

For more information on this register, refer to the NX MPCS Module User Guide (H
IPUG02118).

=4 = =4 -4 a8 oA oa e o

Register Description

Updated the introductory paragraph in this section.

Updated Table 5.3. Mode Register.

Updated the description for the tx_dis_fcs register in Table 5.4. Transmit and Rece
Control Register.

Updated the following reference in the [0x4Q@x50C] SGMII and Gb Ethernet PCS
IP Register section:

For more information on the PCS registers, refer to the SGMII and Gb Ethernet PC
Core User Guide (FPGRAJG02077) or refer to section 5.20 for the SGbtlly PHY
registers.

Example Design

Added a list of evaluation boards that are used to test the IP.
Added the Example Design Supported Configuration section.
Added the RGMII Example Design section.

Added the SGMII Example Design section.

Added the Using the RGMII or SGMII Example Design section.

Designing with the IP

Updated the Timing Constraints section.
Added the SGMII Only Configuration section.

Known Issues
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Added the following sections:
1  Erroneous Length/Type Handling when the L/T is Smaller than 46.
1  Error Handling when rx_fifo_error_o is Asserted.

References

Added the following references:
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TriSpeed Ethernet MAC IP Release NGFEEGARN02036)
AvantG/X Versa Board User Guide (FFEB®2063)

TSE MAC IP Core web page

Lattice Radiant Software web page

Lattice Solutions IP Cores web page

Lattice Solutions Reference Designs web page

Lattice Solutions Boards web page

Lattice Solutions Demonstrations web page
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Section

Change Summary

Appendix A. Resource Utilizatior]

1 Updated the following tables:
1 Table A.1. IP Resource Utilization for an Avant Device.
1 Table A.2. IP Resource Utilization for a CertudPtdevice
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Section

Change Summary

Introduction

1 AddedLFD2N)X8device toTable 1.1. Summary of the TSE MAC IP Core.
1 Updated the following bullet point in th8ignal Namesection:
_nh are active low signals (asserted when value is logic 0)

Functional Description

1 UpdatedTable 2.2. Summary of Implementation Options.

UpdatedTable 2.2 Operation Options.

1 Added the following description to the Implementation Options section and the RG
Configuration Option section:
For RGMII interface implementation, follow the instructions in the RGMII Hardware
Example Design section and use the MII/GMII MAC operating option.

1 Updated the description for Gigabit MAC operatiomable 2.2. Operation Options.

]

IP Parameter Description

Updated Table 3.2. Configuration Attributes.

Signal Description

1 Added the following descriptioto the RGMII Interfacesection:
For RGMII interface implementation, follow the instructions in the RGMII Hardware
Example Design section and use the MII/GMII MAC operating optomore
information on MII/GMII interface ports, refer to the MII/GMII Interface section.

1 Updated the PLL reference clock input value to 250 MHz in Table 4.19. MAC + SG
Clock Interface Ports.

1 Updated the table title of the following tables

Table 4.19. MAC + SGMII Clock Interface Ports

Table 4.20. MAC + SGMII Serial Interface Ports

Table 4.21. MAC + SGMII Configuration Interface Ports

Table 4.22. MAC + SGMII Miscellaneous Interface Ports

Table 4.23. MAC + MPCS Clock Interface Ports

Table 4.24. MAC + MPCS Serial Interface Ports

Table 4.25. MAC + MPCS Configuration Interface Ports

Table 4.26. MAC + MPCS Miscellaneous Interface Ports

Table 4.27. MAC + MPCS LMMI Interface Ports
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RGMII Hardware Example Desig

1 Added the following sentence to the Importing Versa Files into a Project section:
C2NJ mD wbhDalLlL &aLSSR>Y dza8 /[ Yy![Db I an
1 UpdatedFigure 7.22. RGMII_eval_top Block Diagram
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Section

Change Summary

Abbreviations in This Document

Addedthe followingabbreviatiors:
CRC
FCS

HIP
MAC
MDIO
MPCS
PCS
PHY

PLL
SERDES
SFD
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Section

Change Summary

Introduction

il

Updated the IP versiom Table 1.1. Summary of the TSE MAC IP Core.
Updated the Selectable MAC operating options in the Features section.
Updated the IP version for all device families in Table 1.3. IP Validation Level.

Functional Description

f
1
f

= = =4 -4 -4 -4
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]

Updated the following sentence in the IP Architecture Overview section:

For Avant devices, tHESE MA@ core also provides an option to include the SGMII/

Ethernet PCS IP core that converts MIlI/GMII interfaces of the MAC to serial interfa

both transmit and receive directions and performs angmotiation with a link partner

as described in the £tio SGMII and IEEE 802.3 specifications.

Updated the title to include RMII for the Interface to External PHY with

MII/GMII/RGMII/RMII Interface section and Figure Z.8E MA@ Connected to

External PHY with MII/GMII/RGMII/RMII.

Updated Table 2.1. Summary of Implementation Options.

Updated Table 2.2. Operation Options.

Removed the Classic TSMAC Option section.

Added the RMII Configuration Option section.

Updated the subsections title for MuRate SGMII Ethernet Option section and the

Gigabit SGMII Ethernet Option section.

Updated the figure title for Figure 2.10. Tapvel Block Diagram for Muldate SGMI|

Ethernet Option.

Updated the content and figures in the MAC + SGMII Mode section.

Added the MAC + MPCS Mode section.

Added the Clocking of RMII section.

Updated the title for the following sections:

1  Clocking of SE MA@Gigabit MAC) and SGMII PCS (TSMAC Easy Connect) s€

1 Clocking of SE MACSGMII Easy Connect) and SGMII PCS (TSMAC Easy Co
section.

Added the Clocking afSE MA@Gigabit MAC) and MPCS section.

Updated the following sentence in the Reset section:

During powetup, the activdow reset must be asserted, and onlyakserted when all

input clocks are valid and stable.

Updated Table 2.3. User Interfaces and Supported Protocols.

Updated the content for the AXJdite Interface section.

IP Parameter Description

Updated the following sections:

1  General Attributes section.

1 Configuration Attributes section.

1 SGMII PHY Settings section.

Added the Statistics Counter Configuration section.

Signal Description

]

= =4 4

Updated the following tables to include RMII port and clock frequency option:

i Table 4.1. Clock Ports.

1 Table 4.2. Clock Frequencies of txmac_clk_i and rxmac_clk_i.

Updated the following sentence for clk_i port in Table 4.1. Clock Ports:

The supported clock frequency is between 20 MHz to 125 MHz.

Removed the Classic TSMAC Interface section.

Updated the description for the cpu_if_gbit_en_o port in Table 4.19. MAC + SGMI|
Clock Interface Ports.

Removed gbe_mode_i and sgmii_mode_i ports from Table 4.21. MAC + SGMII
Configuration Interface Ports.

Updated the MAC + SGMII Interfaces section.

Added the following sections:

T  RMIl Interface section.

1 MAC + MPCS Interfaces section.

Register Description

Updated the Pause Opcode Access value to RO in Table 5.1. Register Address M
Added a new register MPCS PHY in Table 5.1. Register Address Map.
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Section

Change Summary

1 Added a new mode registerrmii_100m_en in Table 5.3. Mode Register.

1 Updated the description for Gigabit Enable register in Table 5.3. Mode Register.

1 Updated the description for max_frame register in Table 5.5. Maximum Packet Siz
Register.

1 Updated the Pause Opcode Access value to RO in Table 5.15. Pause Opcode Re

Updated Table 5.22. Summary of Statistics Counters.

=

Designing with the IP

1 Updated the following figures in the Generating and InstantiatireylEhsection:
1  Figure 6.1. Module/IP Block Wizard.
1  Figure 6.2. IP Configuration.
1 Figure 6.3. Check Generated Result.
1  Figure 6.4 Timing Constraint File (.Idc) for TTRE MAGP.
1 Added the MAC + SGMII P&tnthesis Timing Constraints section.
1 Updated the content and figures in the following sections:
1  MAC Only Configuration.
1 MAC + PHY Configuration.

RGMII Hardware Example Desig

Added thisnew section.

Known Issues

Added this new section.

References

Addeda reference to théAvant Evaluation Board User Guide (FFERR2057)

Appendix AResource Utilization

1 UpdatedTable A.1. IP Resource Utilization for an Avant Device.
T AddedTable A.2. IP Resource Utilization for a CertudPtdevice.
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Section

Change Summary

Introduction

1 Removed.attice Synthesis Engine (L.8&m theQuick Factsection.
1 Removed.attice Synthesis Engifrem the IP Validation Summaection.

RegisteDescription

Updated the register description fé&r5 [0x010; 0x014] MAC Address Register (Gégtion
to: The MAC address is stored in the registers in hexadecimal form. For example, to se
MAC address to: ABE48-00-00-80 would require writing OXAC_DE_48_00 to address 0x
(MAC_ADDR_0), 0x00_80 to address 0x014 (MAC_ADDR_1).
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Section

Change Summary

Introduction

1  Added MII/GMII MAC operating option

1  Added AvamniG/X device support tdable 1.3. Ordering Part Numbeith new
ordering part number.

Added Table 1.3. IP Validation Level.

Functional Description

Addedchapter2.1.1 Implementation Options
Addedchapter2.6.1.4 MII/GMII Configuration Option
Added clocking diagrams amapter2.2 Clocking.

Signal Description

Added clock frequencies requirements.

Added clock domain for input and output signals.

Grouped all PHY interfaces in chapter 4.7 PHY Interface.

Grouped all host interfaces in chapter 4.8 Host Interface.

Grouped MAC + PHY interface signals in multiple tables in chapter 0
MAC + SGMII Interfaces.

RegisteDescription

Added address offset to chapter titles for ease of reference.

Added address offset mapping of SGMII & Gb Ethernet PCS register in chapter 5.]
[0x400¢ 0x50C] SGMII and Gb Ethernet PCS Soft IP Register.

=A A |=a =4 = =8 -a -aoaoa o

Designing with the IP

Added description of simulation waveform and output in chapter 6.5.3 Simulation Resu

All

Updated the document to new IP user guide format.
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Section

Change Summary

Acronyms in This Document

Added AcronynAXlin Acronyms in This Document section.

Introduction 1 AddedLFMXO5%5Tand LFMXOS5L00Tto Targeted Devices ifiable 1.1TSE MAGP
Quick Faa.

f !LIRFGSR (KS @heTBE BATD®Gre Fuplpris théability to transmit and
receive data between the standard interfaces, such as APB cLifd;lBnd an Ethernet
y S ¢ 22NJRETSE MACP core supports the ability to transmit and receive data
between the standard interfaces, such as APB-LitéBor AXI4.ite, and an Ethernet
networké£ In the Introductionsection.

1  Updated bullet informatiorfrom Transmit and receive statistics vector and statistic
counterto Transmit and receive statistics vedand statistic counteyin the Features
section.

Functional Description 1 Deleted Transmit MAC XMAC) section.

1 Deleted the sentencén the 10/100 mode, an external PHY device supplies the 25 N
clock to the Transmit MAC and the Receive M&@ Overviewsection.

1 AddedStatistics Counterg, X FIFO Almost Full Threshold Register, TX FIFO Almost
Empty Threshold Register, RX FIFO Almost Full Threshold Register, RX FIFO Al
Empty Threshold Register, Transmit MAC, Clock Netsemtions.

1 UpdatedMAC Address Register (OsBEction

1 UpdatedAXI4Lite Interfacesection andrigure 2.10. State Diagram

1 Added Statistic Counter Registers attribute informatioif &ble 2.2. Attributes Tahle

1 Added Statistic Counter Registers attribute, RX FIFO and TX FIFO threshold infor
in Table 2.4. Register Address Map

f !'LRFEGSR (KS RSaOBSiHabiiERably. 2F IoAGYSy G7
For the Classic Tspeed MAC option, to operate in GbE mode, this bit must be set t
For 10/100 mode, this bit must be set 0.

For the SGMII Easy Connect MAC, Gigabit MAC, RGMII option, this bit does not ¢
anything (note the MAC operation speed is determined by the clock enables proviq
the SGMII IP core). This bit echoes back what is written to it.

Note: The state of this bit is useful for system use, since the cpu_if_gbit_en_o outg
AA3AYyLEZ FNRBY (KS O2NBI |f 4l igTabletsMokO
Register

1 Updated Bit Field value from 15:9 to 31:9Tiable 2.7. Transmit and Receive Control
Register

1 Updated Width value for 31:15 Bit Field frdrAto 27in Table 2.9. IntePacket Gap
Register

1 Updated Default values ifiable 2.14. GMII Management Register Access Control
Register and Table 2.15. GMII Management Access Data Register

1 Updated the description of 2Bit from Not Used. This bit always returns a zer& TP
1588 frame. This bit is set when th86E MA@ receives a PTP 1588 framd@able 2.27.
Receive Statistics Vector Description.

1 Added 31 bit description ifiable 2.28. Transmit Statistics Vector Description

1 AddedMulticastto the title of Multicast Table Registers (04gction.

1 Deleted(RXMAC)from the title of Receive MAGection.

1 UpdatedFigure 2.5. Tojhevel Block Diagram for the Classic TSMAC IP Option, Figy

2.6. TopLevel Block Diagram for the One Gigabit and SGMII Options, and Figure 2
TopLevel Block Diagram for the RGMII Configuration Option

IP Generation and Evaluation

UpdatedFigure 3.2. Configure User InterfaceTd§E MA@ Cores perlP tse_mawersion
14.0.

Appendix A. Resource Utilizatior]

Updated the values iffable A.1. LAXT-500E1LFG1156] Resource Utilization and Table
LAVAT-500E3LFG11561 Resource Utilization

Technical Support Assistance

Added Lattice Answer Database link in Technical Support Assistance section.

Referencs

Added links for MachXO5, Lattice Avant, and TSE MAC IP Core web pages.
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Section

Change Summary

Introduction

1 Updated the following iTable 1.1TSE MA@ Quick Facts:
1 AddedLattice Avant to the Supported FPGA Faimilgl LAVAT-500Et0 the
Targeted Devices.
1 Updated information for Supported User Interfaces.

1  Added bullet for MAC support and updated Host control bullet information in the
Features section.

Functional Description

Updated Lattice Gigabit Ethernet PCS IP Core to Functional Description section n

Changed LMMI to AXBtream references in this section.

Added Block Diagram section.

Updated content of Configuration Options section.

Updated content of Receive MAC (Rx MAC) section.

Updated content of Statistics Vector section.

Updated content of Table 2.2. Attributes Table to Table 2.28. RX FIFO Almost Em

Threshold Register.

1 Updated Figure 2.5. Tepevel Block Diagram for the Classic TSMAC IP Option, Figu
2.6. TopLevel Block Diagram for the One Gigabit and SGMII Options, and Figure 2
TopLevel Block Diagram for the RGMII Configuration Option .

1 Added MAC + PHY Mode, Media Independent Interface Management, and Host

Interface section.

=A = =4 -8 -4 -8 —n

IP Core Generatioand
Evaluation

Updated entire content including adding MAC Only Configuration, MAC + PHY Configu
Constraining the IP, and Hardware Validation.

Ordering Part Number

Added OPN for Avant device.

Appendix A. Resource Utilizatior]

Updated Table A.1. LANT-500E1LFG11561 Resource Utilization and Table A.2ATAV
500E3LFG11561 Resource Utilization.

WSOANMEGRIYE H A HH

Section

Change Summary

Introduction

Added MachXOBIX to the Supported FPGA Family, and LFM2826 the Supported User
Interfaces inTable 1.1

IP Core Generatioand
Evaluation

UpdatedFigure 3.1, Figure 3.2, and Figuret8.3how the latest versiot.2.0.

Ordering Part Number

Added Part Numbers of Tspeed Ethernet MAC for MachX®&- Site License

Appendix A. Resource Utilizatior

1 Updated Table A.1 for resource utilization of theSpieed Ethernet MAC IP Core for
the LFMXO®5-9BBG400I.

1 Added Table A.2 for resource utilization of the Speed Ethernet MAC IP Core for the
LFMXO®5-7BBG400I.

WSOANMBYRAY S HAHM

Section

Change Summary

Introduction

UpdatedTable 1.1TSE MA@ Quick Facts
1 Revised Supported FPGA Families
1 Revised Targeted Devices

1 Revised Lattice Implementation

Functional Description

In the Hardware Evaluation section, replaced specific devicelwitiice FPGA devices built
on the Lattice Nexus platform

Ordering Part Number

Added this section.

References

Added reference to the CertusRMX web page.
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Section

Change Summary

Introduction

1 Updated Table 1.1.

1 Added LFD2NX7 as targeted device.

1 Updated Resources.

1 Updated Lattice Implementation to Lattice Radiant 2.1.

1 Updated reference to Lattice Radiant Software User Guide
Added RGMII unddteatures.

Functional Description

Added RGMII Configuration Option section.
Added RGMII Signals in Table Z.3E MA@ Core Signal Description.

Added RGMII as selectable value for Select MAC Operating Option in Table 2.3.
Attributes Table

= = =4 =9

Appendix A. Resource Utilizatior

General update to this section.

References

Updated this section. Added references to product web pages.
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Section

Change Summary

Introduction

Updated Table 1.1:

1 Added Certud\NX support.

1 Added LFD2NXO0 as targeted device.

1 Updated Supported User Interfaces.

1 Updated Synopsis Synplify Pro version.

1 Updated Lattice Implementation to Lattice Radiant 2.1.

Functional Description 1 Removed thélock diagram of thd SE MA@ Core

1 Added Figure 2 1. Uhagged Ethernet Frame Format and Figure 2 2. Vilagged
Ethernet Frame Format.

1 Updated Receive MAC (Rx MAC) information.

1 Updated Table 2.ZTSE MA@ Core Signal Description

Ordering Part Number

Added this section.

Appendix A. Resource Utilizatior

1 Updated device td.IFCi40-9BG40Ql
1 Updated Table A.1. Resource Utilization

All

Updated references to Lattice Radiant Software 2.1 User Guide.
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Section

Change Summary

Introduction

Updated Table 1.1 to add LIFCL as targeted device.
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Section

Change Summary

All

Initial release.
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