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Introduction

Ethernet 10G MAC Core User Guide

The Ethernet 10G MAC core is a configurable core that supports Ethernet speeds up to
10 Gbps in full duplex transfer mode. The core complies with the IEEE Std. 802.3-2008
specification and operates at a frequency of 156.25 MHz.

Additionally, the Ethernet 10G MAC core is designed to interact with the user’s logic and
the FPGA Ethernet 10G physical coding sublayer (PCS) as shown in

on page

4. The interaction among the user’s logic, Ethernet 10G MAC core, and the FPGA PCS

are based on a per-lane basis.

Figure 1: Ethernet 10G MAC Core Interaction with User’s Logic and the FPGA Ethernet 10G PCS
INIT_CLK at 50 MHz

User
Interface

Source from Ethernet 10G
PLL/Clock Pin MAC Core
% Power Up
Initialization
Sequence
AXI-ST 64-bit TX
TX Pause TX
Frame Request
. Statistic Reporting
Address Filtering
RX

AXI-ST 64-bit RX

A

APB Module to
Configure 10G PCS

PHY Power Up
Interface

v

XGMII_TXD [63:0] EPGA

XGMI_TXC [7:0]  Transceiver
(Efinity
Interface

Designer)
XGMII_RXD [63:0]

XGMII_RXC [7:0]

mac10gbe_clk
(10G PCS Forwarded

Clock at 156.25 MHz)

APB Interface .

At the FPGA transceiver’s end, the APB interface is shared per quad basis, which is
a common interface shared across 4 lanes in the FPGA Ethernet 10G PCS. For more

information, see the

Use the IP Manager to select IP, customize it, and generate files. The Ethernet 10G MAC
core has an interactive wizard to help you set parameters. The wizard also has options to
create a testbench and/or example design targeting an Efinix” development board.
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Features

*  Complies with IEEE Std. 802.3-2008 specification

* Supports IEEE Std. 802.1Q VLAN tagged Ethernet frames

* Supports 10 Gbps Ethernet in full duplex transfer mode

* Single clock operates at 156.25 MHz

* AXI4 ST 64-bit user interface at transmit and receiver interfaces

e Configurable Cut Through mode to transfer the Ethernet frame with minimum latency

* Configurable Store Forward mode where the entire Ethernet frame is received first
before the transfer begins

* Programmable inter packet gap (IPG)

° Automatic padding for short frames

* Frame check sequence and CRC generation, includes checking and forwarding

* Automatic termination of bad frames

*  Frame length check based on user-defined MTU frame length

* Automatic frame length check against ETHERTYPE/LEN field for frames

* Broadcast, Unicast, and multicast address filtering

* Flow control through pause frame generation and decoding

°  Statistics reporting

Device Support

Ethernet 10G MAC core is supported in Titanium and Topaz FPGA with transceiver. Refer
to the and to get the latest device list that
Supports transceivers.

Resource Utilization

Note: The resources and performance values provided are based on some of the supported FPGAs.
These values are just guidance and may change depending on the device resource utilization, design
congestion, and user design.

Table 1: Titanium Resource Utilization

FPGA Mode Logic Elements (Logic, | Memory Blocks DSP Blocks Efinity®
Adders, Flipflops, etc.) Version

Ti375N1156 C4 | Cut Through 7,190/362,880 (1.98 %) | 0/2,688 (0.19 %) 0/1,344 (0 %) 20251
Store Forward 9,479/362,880(2.61%) | 5/2,688 (0.30 %) 0/1,344 (0 %)

@ Note: The resource utilization data is derived based on the default settings.

M System Verilog 2005.

www.efinixinc.com 5
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Release Notes

You can refer to the IP Core Release Notes for more information about the IP core changes.
The IP Core Release Notes are available in the under
each Efinity software release version.

@ Note: You must be logged in to the Support Center to view the IP Core Release Notes.

www.efinixinc.com 6
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Functional Description

The Ethernet 10G MAC core does the following functions:

* Converts TX data packets from AXI ST to XGMII format.

* Decodes RX Data Packets from XGMII format to AXI ST.

* Generates the pause frame to be transmitted at the XGMII Interface.

* Identifies the pause frame and implements the flow control through the pause mechanism
based on the decoded PAUSE _QUANT.

* Drops RX Frames with mismatched address through a bit-wise address filtering mask.
* Drops RX Frames with broadcast address.

Block Diagram

The Ethernet 10G MAC core or efx_mac10gbe comprises of the following modules:
* Power-up sequence to handshake with the FPGA transceiver.

* AXI ST 64-bit user interface.

* TX engine with CRC generation.

* RX engine with CRC checker.

*  XGMII interface.

°  Statistics reporting.

* Priority flow control module.

* Broadcast and address filtering.

Figure 2: Ethernet 10G MAC Core Sub-Modules

EFX_MAC10GBE
PHY Power Up

INIT_CLK at 50 MH
Source from PLL?CIock Pii — Power Up Initialization Sequence < Interface >
TX
AXI-ST 64-bit TX _ . CRC XGMII_TXD [63:0]
FIFO State Machine Generation XGMII_TXC [7:0]
TX_PAUSE_GEN t 1
< Statistic Reporting
RX
Flow
Control XGMII_RXD [63:0]
AXI-ST 64-bit RX T Broadcast and « = -
< CRC Checker Address XGMII_RXC [7:0]
Filtering
RX_ADDRESS_FILTERING_MASK T mac10gbe_clk

<‘ (10G PCS Forwarded
Clock at 156.25 MHz)
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Clock Sources
The Ethernet 10G MAC core has 2 independent clock sources:
® init clk

°* maclOgbe clk

Table 2: Ethernet 10G MAC Core Clock Sources

Clock Name Frequency Description

INIT_CLK < 50 MHz To facilitate the power-up sequence of the FPGA
transceiver PHY.

Can be sourced from the PLL or CLKIN pin.
MAC10GBE_CLK 156.25 MHz Sourced from the FPGA transceiver forwarded clock to be
the source synchronous.

Eliminates additional clock PPM.

The forwarded clock is used to clock the 10G PCS in the
FPGA transceiver.

The on page 8 shows the clock
domains in the Ethernet 10G MAC core.

Figure 3: Ethernet 10G MAC Core Clock Domain

INIT_CLK at 50 MHz

Source from EFX_MAC10GBE
PLL/Clock Pin (2)

> PHY Power Up

wagr l._Jp P Interface (2) -
Initialization < »

Sequence (2)

AXI-ST 64-bit TX (1) =

TX Pause X (1) XCGMILTXD [63:0] (D) Fpga
User Frame Request (1) = XGMII_TXC [7:0] (1)  Transceiver
> (Efinity
Interface Statistic Reporting (1) Interface
) Designer)

Address Filtering (3)

P XGMII_RXD [63:0] (1)
RX (1) XGMII_RXC [7:0] (1)
mac10gbe_clk

<4 (10G PCS Forwarded
~ Clock at 156.25 MHz) (1)

A

AXI-ST 64-bit RX (1)

Notes: (1) mac10gbe_clk domain
(2) INIT_CLK domain
(3) Pseudo async
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Reset Signals

The Ethernet 10G MAC core has 3 reset signals. These signals are active low and
asynchronous.

® init rst n

® mac _reset n

® cnt rst n

During the FPGA power-up, all three reset signals need to be initialized to O to reset the
entire Ethernet 10G MAC core to initial known states.

The init clk signal needs to be sourced and free running. When the FPGA is in user
mode, you need to deassert init rst n to kick-start the power-up sequence with the
FPGA PHY. The init rst n signal is to remain de-asserted throughout the operation.
Details of the power-up sequence is being described in

on page 11.

When mac_reset nisasserted, it resets the core logic of the Ethernet 10G MAC core,
such as TX and RX, and statistic reporting. The power-up sequence module remains intact
and operational.

When cnt_rst n is asserted, it resets all the statistic reporting in TX and RX. Other than
the statistic counters, the logic of the Ethernet 10G MAC core is still operational. The power-
up sequence module remains intact.

These 3 reset signals are asynchronous, but the deassertion of each reset signals is
synchronous. For init rst n, there is an internal reset synchronizer to align the
deasertion of init rst ntoinit clk.Formac reset nandcnt rst n,thereisa
respective internal reset synchronizer to synchronize the deasertion of mac_reset nand
cnt rst ntomaclOgbe clk.

Each reset synchronizer has a latency of 2 to 3 clock cycles.

www.efinixinc.com 9
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The on page 10 shows the reset
domains in the Ethernet 10G MAC core.

Figure 4: Ethernet 10G MAC Core Reset Domains

INIT_CLK at 50 MHz

Source from EFX_MAC10GBE
PLL/Clock Pin (2)

PHY Power Up

Power Up Interface (2)
Initialization

Sequence (2)

v

AXI-ST 64-bit TX (1)

> ™ (1) XGMII_TXD [63:0]
_ Statistic Reporting (3) XGMII_TXC [7:0] (1)
 AXI-ST 64-bit RX (1) RX (1) «FGMII_RXD [63:0] (1)

XGMII_RXC [7:0] (1)

mac10gbe_clk
. (10G PCS Forwarded
<‘ Clock at 156.25 MHz) (1)

Notes: (1) MAC_RESET_N domain
(2) INIT_RST_N domain
(3) CNT_RST_N domain
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Power Up Handshake with FPGA Transceiver

Before starting the operation of the Ethernet 10G MAC core, it needs to perform the power-
up handshake with the FPGA transceiver.

The Ethernet 10G MAC core includes a built-in power-up sequence module to handshake
with the FPGA transceiver PHY. For the details on the power-up sequence in the FPGA
transceiver, refer to the power-up sequence chapter of the

on page 11 shows the power-up handshake between the Ethernet 10G MAC core and the
FPGA transceiver.

The power-up sequence between the Ethernet 10G MAC core and the FPGA transceiver
PHY is clocked by init clk. The assertion of phy init done indicates that the FPGA
transceiver PHY is CDR-lock-to-data.

After the assertion of phy init done, you need to configure the FPGA transceiver PCS
which uses the common APB interface. The APB interface is a common interface that is
shared across all the 4 lanes with a Quad.

Note: You need to create APB modules to configure the PCS. Refer to table 8, 10, and
21 in the Register Map chapter of the

on page
11 includes an illustration of APB Write to enable PCS RX in lane 2.

Figure 5: Power Up Handshake with the FPGA Transceiver PHY and PCS

PMA_CMN_READY 7
IN_USER I
INIT_CLK
INIT_RST_N I N
INIT_RST_N deasserts to kick start the power up handshake and must remain de-asserted onwards After the assertion of phy_init_done onwards, init_cl may stop toggling
PMA_XCVR_PLLCLK_EN I ey
PMA_XCVR_PLLCLK_EN_ACK I e
100 s, 100 ng
PMA_XCVR_POWER_STATE_REQ I TDLE NEAZ ) oE ) T )
PMA_XCVR_POWER_STATE_ACK i TBLE i R ) 7 A0
PMA_RX_SIGNAL_DETECT L [s—7
PHY_INIT_DONE I I R — Clock Recovered Data, PHY is up and ready.
Ards APB Write to APB Read to check
(T0 be created by User) " enabePCSRX 1 [ RXPCssaws |
(100 - 200MHz) APB_CLK
APB_PWRITE /i Vi i
APB_PADDR I I I C00200 C00208

APB_PWDATA I L I 00011003

APB_PREADY /i Vi i

APB_PRDATA i L I 0000008

MAC10GBE_CLK i

MAC_RESET_N i L I

10G Ethemet MAC Core

Notes: (1) After the assertion of PHY_INIT_DONE, the user needs to configure the FPGA 10G PCS using the common APB. APB modules are to be created by the user. s operational

(2) C00200 and C00208 are APB addresses for lane 2. Please use the correct 10G PCS access address according to the lane selection.

@ Important: When the FPGA PHY is in reset, all 3 reset signals must also be asserted. Once the FPGA
PHY recovers from the reset, the user needs to repeat the entire power-up handshake by de-asserting the
init rst_nto restart the power-up sequence.
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Ethernet Packets, Frames, and IPG

Figure 6: 802.3 Ethernet Packet and Frame Structure for Non-VLAN Tagged on page
12 illustrates the normal Ethernet packet and frame structure for non-VLAN tagged
frame.

Figure 6: 802.3 Ethernet Packet and Frame Structure for Non-VLAN Tagged

46 - 1500
Typically 12 Octets 7 Octets 1 Octet 6 Octets 6 Octets 2 Octets Octets 4 Octets
INTER PACKET GAP START FRAME MAC MAC ETHERTYPE OR FRAME CHECK
(IPG) PREAMBLE | bE| IMITER (SFD) | DESTINATION | SOURCE LENGTH PAYLOAD SEQUENCE (32-bi

4 ETHERNET FRAME >
4 ETHERNET PACKET >

Figure 7: 802.3 Ethernet Packet and Frame Structure for VLAN Tagged on page 12
illustrates the Ethernet packet and frame structure for VLAN tagged frame.

Figure 7: 802.3 Ethernet Packet and Frame Structure for VLAN Tagged

42 - 1500

Typically 12 Octets 7 Octets 1 Octet 6 Octets 6 Octets 4 Octets 2 Octets Octets 4 Octets
INTER Fiegy | o7 | PREAMBLE | pRNITER (SFD) |DESTINATION | SOURGE | 80240 | ' ien O | PAYLOAD Sgg@gﬂgg%*'ggﬁm
4 ETHERNET FRAME >
4 ETHERNET PACKET >

Note: Inthe 2025.1 release and later, both non-VLAN tagged and VLAN tagged Ethernet frames are
supported.
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User Interface AXI ST 64

AXI ST 64 is a user interface comprising TX channel and RX channel.

TX AXI ST 64

At TX AXI ST interface, transmission starts when TX_AXI TREADY = 1. The assertion
of TX AXI TREADY indicates that Ethernet 10G MAC core is ready to accept the TX data
streaming.

To transmit, assert TX_AXI TVALID, along with TX AXI TDATA, TX AXI TKEEP,

TX AXI TLAST, TX AXI TUSER.TX AXI TDATA contains 64-bits data streamlng to
be transmitted to XGMIT TXD. TX AXI TLAST indicates the last byte data in the data
streaming. TX_AXT_ TKEEP indicates the positional validity of the byte data within the
data streammg The assertion of TX AXI TUSER indicates that there is an error in the data
streaming.

For Ethernet application, TX AXI TDATA must contain streaming data, i.e., data needs to
be streaming and continuous, where TX AXI TKEEP = FF except at TX AXI TLAST.
Streamlng data, at TX AXI TLAST, means TX _AXI TKEEP = {o1, 03, 07, OF,

1F, 3F, 7F, FF}. . Refer to on page
13.

In the event of a non-data streaming, it is interpreted as a bad frame and is dropped. The same
goes with TX AXI TUSER, i.e., the asserted TX AXI TUSER results in a bad frame. Refer
to on page 24.

When TX AXI TREADY = 0, the Ethernet 10G MAC core is not ready to accept any
TX data. Hence, you need to hold or retain all the current TX AXI signals, which
are TX_AXT_ TDATA, TX_AXT TLAST, TX AXI TVALID, TX AXI TKEEP, and
TX AXI TUSER,until TX AXI TREADY recoversto 1. Refer to

on page 14.

Figure 8: Streaming Data at TX AXI ST Interface
T T e O S e e O e e e O s O Y s O O o

MAC_RESET_N_SYNC /

Assertion of TX_AXI_TREADY indicates that Ethernet 10G MAC core is ready to accept TX data from user.

TX_AXI_TREADY

TX_AXI_TVALID
TX_AXI_TLAST
TX_AXI_TKEEP
TX_AXI_TDATA[63:56]
TX_AXI_TDATA[55:48]
TX_AXI_TDATA[47:40]
TX_AXI_TDATA[39:32]
TX_AXI_TDATA[31:24]
TX_AXI_TDATA[23:16]
TX_AXI_TDATA[15:8]
TX_AXI_TDATA[7:0]
TX_AXI_TUSER

2nd and 3rd Frames Are Back-to-Back Streaming TX Data Frames

 Streaming TX Data (1st Frame) | Streaming TX Data (2nd Frame) Streaming TX Data (3rd Frame)

|/ W
\ [\ /N
/ FF_ | X _FF X 1F '\ / FF_J X _FF_ )Y 03 X FF_ | X _FF Y 7F 1\
/_DATA07 /[ Y DATA87\ /[ _DATA07 ][ Y DATA63)\ /[ _DATA07 /[ Y DATA7L)\
/_DATA06 /[ Y DATA86\ |/ _DATA06 |/ Y DATA62 )\ /[ _DATA06 /| X DATA70 { DATA78\
DATAO5 /[ ) DATA85 /[ DATAO5 |/ ) DATA61\ /[ DATA05 ]/ X DATAG9 ) DATA77\
DATA04 /| Y DATA84 Y DATA92 \ /__DATA04 || Y DATA60\ |/ __DATA04 /[ Y DATA68 J DATA76 \
DATA03 /| Y DATA83 Y DATA91\ /[ _DATA03 /| Y DATA59\ /[ __DATA03 /| Y DATA67 _DATA75\
DATA02 /| Y DATA82 Y DATA90 \ /[ DATA02 |/ X DATAS8\ /[ DATA02 |/ X DATA66 ) DATA74\
/__DATA01 ]| ) DATA8L \ DATA89 \ /[ __DATA01 |/ X DATAS7 \ DATA65 ) DATAOL1 /[ ) DATAG5 ) DATA73\
/_DATA00 ][ )\ DATA80 \ DATA88\ /__DATA00 ]/ X DATAS6 \ DATAG4 } DATA00 // ) DATA64 J DATA72\

www.efinixinc.com 13



Ethernet 10G MAC Core User Guide

Figure 9: User to Retain TX_AXI Signals Until TX_AXI_TREADY Recovers
mactocee e[ 1 L L 1L L L Ll L L L T L LT

TXAX_TREADY [ ] . N T . .
\Note (1) “\Note (2) \Note (1) \Note (2
N\ > N\ > N N >
TX_AXI_TVALID / Vi i
TX_AXI_TLAST I I
TX_AXI_TKEEP / J[FF X FF FF___1F /[ J[FF X 07
TX_AXI_TDATA[63:56] / DATA.][ ) DATA. | DATA.. DATA.. [___DATAJ[_ ) DATA.\
TX_AXI_TDATA[55:48] / DATA.J[ X _DATA. ) DATA.. (_DATA.. [ _DATA.J[_ Y DATA.\
TX_AXI_TDATA[47:40] / DATA.J[ X DATA. X DATA.. {__DATA.. [ DATAJ[ )Y DATA.\
TX_AXI_TDATA[39:32] /[ DATA.J| Y DATA. \ DATA.. {__DATA.. \_ DATA.. /[ DATA.J| Y DATA. \
TX_AXI_TDATA[31:24] / DATA.J[ Y DATA. ) DATA.. (_DATA.. _DATA.. [ DATA.J[ Y DATA.\
TX_AXI_TDATA[23:16] [ DATA.J[ X DATA. Y DATA.. DATA.. {_ DATA.. /[ DATA.J[ )} DATA. DATA..
TX_AXI_TDATA[15:8] [ DATA.J[ X DATA. ) DATA.. DATA.. { DATA.. [ DATA.J[ ) DATA. \ DATA..
TX_AXI_TDATA[7:0] [ DATA.J[ X DATA. X DATA.. DATA.. | DATA.. /[ DATA.J[ )} DATA. DATA..

Notes: (1) When TX_AXI_TREADY=0, you need to retain TX_AXI signals (TVALID, TLAST, TKEEP, TDATA) until TX_AX|_TREADY recovers.
(2) When TX_AXI_TREADY=1, you may change TX_AXI signals (TVALID, TLAST, TKEEP, TDATA) to new values / states.

When TX AXI TREADY = 1, the Ethernet 10G MAC core effectively decodes when
TX AXI TVALID is asserted. When TX AXI TVALID = 0, the entire column of TX AXI
signals (TDATA, TKEEP, TLAST, TUSER) is deemed as invalid. Refer to

on page 14.

Figure 10: Invalid TX_AXI Signals Column When TX AXI TVALID= 0
ZRSTSRCU)m  sI y Y Y e e e e y F T s

Invalid Invalid Column Invalid
TX_AXI_TVALID
TX_AXI_TLAST
TX_AXI_TKEEP FF FF FF FF_ Y FF X FF FF FF
TX_AXI_TDATA[63:0] DATAOL \_DATA02 ) DATAO3 )( DATAO4 \_DATAOS ) DATAO6 ) DATAO7 {_DATAOS ) DATA09 ( DATAL0 \_DATALL | DATA12 J DATA13 ) DATA14 \_DATALS ) DATA16 ) DATAL7 ) DATA18 J DATA19 ) DATA20
This is decoded as an invalid assertion of TLAST, hence this is not the End of Frame.
1st Frame 2nd Frame 3rd Frame 4th Frame

@ Important: User Interface AXI ST 64 operates inmacl0gbe clk domain. You need to ensure that the
TX AXI TVALID, TX AXI TDATA, TX AXI TKEEP, TX AXI TLAST, and TX AXI TUSER signals are
registered and synchronous to mac10gbe clk prior to entering the Ethernet 10G MAC core.

www.efinixinc.com 14
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RX AXI ST 64

At RX AXI ST interface, the port RX_AXI TREADY is excluded in the Ethernet 10G MAC
core. The RX_ AXI TVALID indicates the validity of the RX data frame. RX AXI TDATA
contains 64-bits data decoded from XGMII RXD.RX AXI TLAST indicates the last byte of
data in the RX data frame. RX_AXI TKEEP indicates the positional validity of the byte data
within the RX data frame. The assertion of RX AXI TUSER indicates that there is an error
in the RX data frame. Refer to on page 28.

At RX channel, the incoming RX Ethernet packets are decoded based on the PREAMBLE,
IDLE, and TERMINATE octets without any back pressure.

For Ethernet application, RX data are streaming and continuous, i.e., RX_AXI TKEEP = FF
except at RX AXI TLAST. Streaming data at RX AXI TLAST, means RX AXI TKEEP =
{01, 03, 07, OF, 1F, 3F, 7F, FF}.Any non-streaming of RX data frame results
in RX_AXI TUSER=1.For more details on the non-streaming RX data frame, refer to

on page 29.

At RX AXI ST interface, port RX_AXI TDATA contains RX data frame and CRC
forwarding. Refer to on page 15. For
more details on CRC Forwarding, refer to on page 16.

Figure 11: RX Data Frame at AXI ST Interface
T T e O S o e O s O ) s O o O o

MAC_RESET_N_SYNC /

RX_AXI_TVALID
RX_AXI_TLAST
RX_AXI_TKEEP
RX_AXI_TDATA[63:56]
RX_AXI_TDATA[55:48]
RX_AXI_TDATA[47:40]
RX_AXI_TDATA[39:32]
RX_AXI_TDATA[31:24]
RX_AXI_TDATA[23:16]
RX_AXI_TDATA[15:8]
RX_AXI_TDATA[7:0]
RX_AXI_TUSER

Streaming RX Data (1st Frame) Streaming RX Data (2nd Frame)

»

| — | S S
JL_FF o7z 1\ / J_FF C3E
/ DATA07 || Y DATA.. ¥ DATA87 \ [ DATA07 || Y DATA. JDATA55  CRC \
/| _DATA06 ]| Y DATA.. X DATA86 | CRC \ /[ _DATA06 ] Y DATA.. )\ DATA54 | CRC \
/__DATA05 ][ Y DATA.. X DATA85 J CRC \ /[ __DATA05 ] Y DATA.. ) DATA53 ) DATA6L \
DATA04 |/ Y DATA. Y DATA84 \_ CRC \ /[ DATAO4 |/ Y DATA.. ) DATA52 \ DATAG0 \
DATA03 /| Y DATA. Y DATA83 ' CRC \ /[ DATA03 |/ ) DATA.. ) DATA51 ) DATA59 \
DATA02 /| Y DATA.. X DATA82 Y DATA90 \ /[ DATA02 || Y DATA.. Y DATA50 \ DATAS8 \
DATAO01 /| Y DATA.. X DATA81 \ DATA89 \ /[ _DATA01 || Y\ DATA.. X DATA49 Y\ DATA57 \ CRC \
DATA00 /| X DATA.. X DATA80 ) DATA88 \ /[ DATA00 || Y DATA. Y DATA48 J DATA56 \ CRC \

Notes: RX_AXI_TDATA includes forwarded CRC octets.
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CRC Generation and Check

At the TX channel, the Ethernet 10G MAC core automatically generates CRC octets,
appends them to the end of Frame, and transmits to XGMII TX interface.

At the RX channel, Ethernet 10G MAC core decodes the Ethernet frames and checks against
4 CRC octets that are trailing at the Ethernet frame. At the RX AXI ST interface, the CRC
octets are forwarded to the RX_AXI TDATA ports. The CRC forwarding is illustrated in

on page 15.

The CRC 1polynomial that is used in Ethernet 10G MAC core is x°2 + x** + x* + x? + x!°
12 1

Fx? e x0 e B Y P+ x+ L

Programmable Inter Packet Gap (IPG)

The Ethernet 10G MAC core features a programmable IPG where you can configure any

value between 9 octets to 15 octets. Based on your settings on the programmable IPG, the

minimum gaps are inserted between the frames. The IPG implementation is illustrated in
on page 17.

Note: Forthe 2025.1 release and later, the PREAMBLE may start at OctetO or Octet4 based on the user-
defined Programmable Inter Packet Gap.
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XGMII Interface

XGMII interface connects with the Ethernet 10G PCS in the FPGA transceiver.
XGMII'TX

At XGMII TX, the Ethernet 10G MAC core outputs the TX Ethernet frames based on the
following priority in descending order:

1. Faulty link condition

2. Pause mechanism from RX Pause frame

3. Request to send TX Pause frame
4

. TX_AXI TVALID, TX AXI TLAST, TX AXI TKEEP, TX AXI TDATA, and
TX_AXI TUSER.

Data transfer from the TX AXI interface takes the lowest priority. The Ethernet 10G MAC
core converts TX AXI TDATA directly into XGMII TXD. Hence, TX AXI TDATA must

start with header information, i.e., destination address, source destination, Ethernet length or
type and/or VLAN tags.

@ Note: In all the figures containing TX AXI TDATA, the header octets are labeled as
DATA to illustrate the conversion between TX AXl interface and XGMII TX.

Figure 12: Conversion from TX AXI ST to XGMII TX

EFX_MAC10GBE: TX with PROGRAMMABLE_IPG=9
MAC10GBE_CLK

TX_AXI_TREADY T T

TXAXTVALID T T

TXCAX_TLAST

TX_AXLTKEER X E X EX " X" T30 A = G 3 E
TX_AXI_TDATA[G3:56] [ DATAGT]| XBATATE\ [ OATAGT]| X DATABT \ /[ DATAO7)/— XDATATET DATAT, DATAGL DATAZ) DATA.
TX_AX_TOATA[S 48] [~ OATAGE][—— Y DATATO YT . DATAGE]/—)(DATATES\ [ OATAGS] ) DAII ) DATAS] )DATAIZS) DATA
TX_AX\_TDATA47:40] _____/ DATAGS][ X DATAGS ) DATATT ) DATAGS] J(OATABS\ [ DATAGS]| YDATALES DATAGE DATAZS DATAG7]|— DATAIZS) DATR
TX_AX|_TOATA[29:32] 2 B 2559 T ) B (e 2 s G ATy
TX_AXITDATA[S124] [T DATAG3]| X DATA67 ) DATATS X DATAGS]| ) DATAB3 J( DATAST \ [ DATAO3]| " YDATATE3\ [ OATAOZ] X DATAz7 ) DATAS]| ) DATAI23) DATA
TXCAXI_TOATAZ3:16] ____/—DATADR]/ ) ATASE ) DATATE Y DATAGR] Y DATAEE Y DATAG\ ___/—DATAOq]/—{DRTAe2 e —————
AN TORTALISS] SeR0T] oAt Y DATATT \—DATRor] ) AT Y DATAED

TX_AXI_TDATA[7.0] DATAGD]| ) DATAGA Y DATATZ Y DATAOD]| Y DATABD ) DATARE \ DATADO]/ ) DATATGO)DATALGEY __DATADG] )\ DATAZi ) DATA®) DATAIZ0) DATA

XGMILTXC [ ) R X F X [ T S G ¢ e o X [} X F
XGMIL_TXD[63:56] S0\ DATADY DATATL ) CRC ) 1po=6 )PREAWBLE\ DATADS X DATA. ]| Y DATASL X Tpu=¢ ) Tpg>0 ) SFD ) DATADY][ }(DATAIET DATAGY)/ Y DATASL DATAZ9] ) CRC ) pu=5 )REAmBIE( DATA

XGMILTXD[S5:48]

DATADS]|_(DATATO X CRC ) 1pa-5 )FREAVBLE DATAGZ }___DATA. ]| DATASD ) 1p0-3_) 100 )pREAVELE_DATAG)| XDATAIG0) py-1 ) 1p0=0 )FREAVELS(___DATAOS]/)(DATAS0 }___DATASS
F T ) B G i e —oms]) G

XGMII_TXD[47:40]
XGMII_TXD[39:32]
XGMITXD[31:24]

DATALZS) DATA.

Cipg=2 Y Cipg=8 ) ) =6 )P [~ XoATAL23) ipg=1 Yipg=0 )("SFD.
XGMIL_TXD[23:16] DATA0Z]/—}(DATAGE )} DATA74 ) ipg=1 ) _ipg=9 )PREAMBLE___DATA Y(DATARS ) CRC ) 1pg=7 )pREAWSL: DATAGZ]| Y{DATATEZ DATAGZ] ) DATAZS DATASA]|— Y{DATAT22) CRC ) 1p0=8 )PREAWBLE
XGMIL_TXD[15:8] [PREAWBLEY___DATAO1|Y(DATAGS }(DATAT3 ) CRC ) ipg=0_JpreAwBLE(___ DATA Y(DATA®S Y CRC ) Tpg=6 )preAweLe( DATAD]/ " )(DATAL6)(DATALES) ipg=i preAwsie(  DATAOL) ) DATAZS {_ DATA33]| )(DATAIZ1)( CRc ) b= JpreAusiE
XGMIIL_TXD[7:0] P (__DATAOD] ) =7_ )@

[~ XDATAT20"CRC Y ipg=6 )PREAWBLE
Notes: (1) De-assertion of TX_AXI_TREADY is not latency-accurate in this diagram.
(2) Latency between TX AXI ST and XGMIl is not accurately illustrated here.

Priority flow control takes 2 4pd 31 priority, while faulty link condition has the highest
priority. Whenever a higher priority event arrives at the TX channel, it needs to wait for the

on-going transfer to complete before the higher priority event takes effect. Details of priority
handling are described in on page 33 and

on page 36.

Based on the user-defined Programmable Inter Packet Gap, XGMII TX also inserts the
minimum inter packet gap (IPG) between data frames and/or TX Pause frames. However,
faulty link condition and RX Pause mechanism start at OctetO without the minimum IPG.
Refer to
on page 33,

on page 34, on page
on page 37, and
on page 38

35,

for more details on the priority handling and IPG insertion at XGMII TX.
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XGMII RX

Every incoming RX Ethernet frame from the FPGA Ethernet 10G PCS is decoded based on
PREAMBLE, IDLE, and TERMINATE octets. Every RX frame is checked for the following
criteria:

* Physical frame length

* FCS check

¢ Error Frame

* Pause frame

* Address or broadcast filtering

More details on the RX frame handling is described in on page 28,
on page 30, and
on page 34.

Generally, at the RX, the Ethernet 10G MAC core decodes XGMII RXD and XGMII RXC,
and outputs them at the RX AXI ST interface. The Ethernet 10G MAC core is capable of
decoding XGMII packets with IPG = 5 octets and handling PREAMBLE starting at either
Octet0 or Octet4. For the Ethernet frames that start at Octet4, the Ethernet 10G MAC core
realigns the data streaming so that RX_AXI TKEEP starts with FF.

Figure 13: Conversion from XGMII RX to RX AXI ST

MAC10GBE_CLK

MAC_RESET_SYNC_N

XGMIl_RXD[63:56] SFD ) DATA7 )\ DATA.j/ ) ig=1 JpReAupLe DATADS ) DATALL Y DATA Y CRC Y pg5 Y SFD Y DATAD7 ) DATA ]/ Y(DATAII2Y ipg=3 preAweLE DATAD3 ) DATA /Y DATA95 ) CRC )} ipg5 Y SFD
XGMII_RXD[S5:48] [PREAVBLE( DATADG DATA GRC DATATD ) DATA. | Y CRC ¥ ipg>5 )PREAWBLE( DATADG }__ DATA. ]/ Y(DATAIION ipg=2 )PREAWBLE( DATADZ ) DATA.J| ) DATADZ ) CRC ) ipg>5 )pReAeie
XGMIl_RXD[47:40] — (Toa=1 )PREAELE( DATAOL Y DATA. ]| ) DATASE Y _CRC ) oS JpRemee
XGMII_RXD[39:32] [PREANBLE( DATAG \_ DATA- ]/ ) _CRC JPREAMALE DATA0D )} DATAOE }___ DATA X DATAG ) Tpa=4_)PREAWBLE DATADA Y DATA. ]/ }(DATAI0B)_CRC _)pREAWBLE( DATADD ) DATA. | ) DATAS2 Y _CRC ) 1pa5 JPREAVELE
XGMII_RXD[31:24] [PRERBLEY DATADS J_DATA. ]|} CRC ) ipg=5 ) SFD ) DATAOT) __ DATA X DATAB ) Ipa=3 )PREAWBLE( DATAS Y DATA. ]/ }(DATAI07_CRC ) ipg>5 ) _SFD_ ) DATA.j| ) DATAOL) DATA99 ) ipo-4 PREAVELE
XGMII_RXD[23:16] [PREAMBLE( DATADZ DATA DATAGE DATADG ) DATA. | Y DATABZ ) ipg=2 )PREAWBLE( DATADZ ) DATA.]/ Y(DATALD6) CRC ) ipg>5 )PREAWBLE(  DATA.)| ) DATAD0 ) DATADE ) ipy=3 )PREAWELE
XGMII_RXDI15:8] [PREAWBLEY DATAOL Y DATA..)/ ) DATAGS ) ipg=3 )PREAWBLE DATADS \ __DATA.]| ) DATABL) ipg=1 )PREAWBLE DATAOLY __DATA.j/  DATALOS( CRC ) ipg=5 )PReAwBLE( _ DATA.j| ) DATABD ) DATAST ) ipa=2 )PREAWELE
XGMILRXD[7:0] [PRERVBLE{ DATADD J—DATA ]/ ) DATAGA ) ipg=2 )PREAMBLY DATADA \ __ DATA Y(DATABD ) CRC JpreAwBLE{ DATADD Y DATA. /Y DATAT0Y DATATIS) ipg=4 )preAweLe{  DATA.// ) DATABS } DATA9G ) ipo=1 )preAueie
XGMI_RXC [T © /I S G o T FE ot X i ) G G [ T—X ) ) S G
RX_AX_TVALID 7 7 T T
RX_AXI_TLAST
RX_AXI_TKEEP i3 o7 i ot i Yot oo ) :a
RX_AX\_TDATAIG3:56] T8 T ARG oy TR DATAGT Y DATA [ )DATAT T i e e
RX_AX|_TDATA[S5:48] DATAGE. DATA. CRC DATAOB. DATA. DATABZ DATAOB | DATA. || DATALL0 DATA- || ) DATA. ) DATAS0 ) DATASE
RX_AXI_TDATA47:40] DATADS DATA CRC DATAGS J____DATA ]| ) DATABL DATADS DATA DATATOD DATA_ ]|} DATA_ ) DATABS }( DATAST
RX_AXI_TDATA[39:32] DATAGS DATA CRC DATAOZ ) DATA,| Y DATAB0 ) CRC DATADS ) DATA. | Y(DATATOB CRC \ [DATA_ | Y DATA ) DATABE ) DATA%\
RX_AXI_TDATA(3124] DATADS DATA CRC [OATACT___DATATL[ Y DATA_ CRC \ [ DATADS)_DATA]|_)(DATATOI CRC \ [~ DATAG3] Y DATA. )} DATA.  DATASS ) CRE \
RX_AXI_TDATA[23:16] DATADZ ) DATA.. ]| ) DATARS DATADZ )___DATAI0] ) DATA. )} CRC DATAZ ) DATA. ]| Y(DATALOS CRC \ DATAZ] DATA. ) DATA. ) DATASE
RX_AXI_TDATA[1S:8] DATAGL DATA.. DATAGS DATAOL ) DATAGS] Y DATA }_CRC DATAOLY__ DATA. | Y(DATAIOSY crc \
RX_AXI_TDATA(7:0] DATA0O DATA. DATAGA. DATA0D ) DATAOS] ) DATA. ) DATABA DATAGD ) DATA.. ]| DATAL04) DATALIZ\ /[~ DATAGG ) DATA. Y DATA. ) DATASZ Y CRC \

RX_AXI_TUSER

Notes: Latency between XGMIl and RX AXI ST is not accurately illustrated here.

@ Important: With reference to the 10G Ethernet protocol, the minimum RX IPG is 5. XGMII RX Packet with
< 5 octets of IPG, especially when the RX IPG are occupying octet4, octet5, octeté and octet7, causes the
Ethernet 10G MAC core to incorrectly decode PREAMBLE, IDLE and TERMINATE octets, results in incorrect
data frames at RX AXI ST 64 interfaces, as illustrated by
on page 19.
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Figure 14: Incorrect Decoding when RX IPG < 5

MAC10GBE_CLK

XGMII_RXC
XGMII_RXD[63:56]
XGMIl_RXDI[55:48]
XGMII_RXD[47:40]
XGMIl_RXD[39:32]
XGMII_RXD[31:24]
XGMIl_RXD[23:16]

XGMII_RXD[15:8]
XGMII_RXD[7:0]

RX_AXI_TVALID
RX_AXI_TLAST
RX_AXI_TKEEP
RX_AXI_TDATA[63:56]
RX_AXI_TDATA[55:48]
RX_AXI_TDATA[47:40]
RX_AXI_TDATA[39:32]
RX_AXI_TDATA[31:24]
RX_AXI_TDATA[23:16]
RX_AXI_TDATA[15:8]
RX_AXI_TDATA[7:0]
RX_AXI_TUSER

Ethernet 10G MAC Core User Guide

EFX_MAC10GBE: DECODING FROM XGMII RX INTERFACE to RX AXI ST INTERFACE WHEN RX_IPG is less than 5

RX IPG<5 causes undetected EOF and no assertion RX_AXI_TLAST.

The following PREAMBLE is decoded as DATA, instead of Start of Frame

00 X100 o1 X 00 [ 1 X 00 /A X_F8 Y 01 ) oo
DATA.. DATA.. ) 1\ipg:4 (\ SFD_ | DATA. | DATA..[[ Y CRC )PreamsLE)( DATAO3 ) DATALL) DATA.J[ Y CRC ) ipg=5 JPREAMBLE) DATA..
DATA.. DATA.. | ipg=3 |PREAMBLE)_DATA.. DATA. ' CRC YpreawsLe)( DATAG2) DATALO) DATA./[ Y DATAS0) ipg=4 )PREAMBLE) DATA..
DATA.. ) DATA. ) ipg=2 fPrEAMBLEY  DATA.. DATA..J/ X__CRC_)YPrEAmBLE)( DATAoiX DATA09( DATA../[ X DATA89) ipg=3 )PREAMBLE) DATA..
DATA.. DATA.. \_ipg=1 (pREAMBLEX DATA.. DATA.[ Y CRC )PREAMBLE DATAon( DATA08)( DATA.J[  JDATA88) ipg=2 )PREAMBLE) DATA..
DATA.. ¥ DATA. X CRG (pREArJ‘pBLEXWx.L)( DATA |/ X_DATA.. )} ipg=4 ) SFD X DATAO7 ) DATA../| X DATA87) ipg=1 JPREAMBLE) DATA..
DATA.. DATA.. \ CRQ‘ (PrREAMBLE)DATA.. ) DATA | Y DATA. ) ipg=3 )(pm:_mme)él DATA06 DATA../[ \ DATAB6)_ CRC )PREAMBLE)_DATA..
DATA.. ¥ DATA. X CRd (PREAMBLE)_ DATA.. X DATA // Y_DATA.. )\ ipg=2 )PREAMBLE)| DATAO5)( DATA./[ X DATAB5) CRC )PREAMBLE)( DATA..
DATA.. DATA.. \__CRG (PREAM‘BLEX DATA.. | DATA | Y DATA. )\ ipg=1 PREAMBLE) ‘\DATA04X DATA..[ \ DATAB4)_ CRC )PREAMBLE)_DATA..
| Despite RX_IPG<S5, the following frame is decoded“\‘as Good Frame due to internal realignment of PREAMBLE from Octet4 to OctetO
\ | |
\ JJ J
N N\ i [
FF — e+ FE | FF X oF /[ FF Yo7\ FF
DATA.. \_DATA.. \7* S\Fb\ X_DATA.. X DATA..]/ X__CRC | DATAOT7 DATA.. /| \ DATA87\ DATA..
DATA.. X_DATA. \ PREAMBLE)( DATA.. DATA.J Y CRC | DATA06)( DATA./[ ) DATA86)_CRC DATA..
DATA.. \_DATA. PREAMB\‘EX“\DATA..X DATA./[  Y__CRC | DATAO5)( DATA..// DATAB5) CRC DATA..
DATA.. X_DATA. \ PREAMBLE\X: rﬁ‘ATA..)( DATA.J Y _CRC | DATA04)( DATA.[[ ) DATA84) CRC DATA..
DATA.. X_DATA. | CRC _)PREAMBLE) “DA“I’A..X DATA /[ Y DATA /[ DATA03)( DATALLY DATA.J[ ) _CRC DATA..
DATA.. Y_DATA.. J__CRC _YPREAMBLE) Y DATA [ Y DATA | DATA02)( DATAI0) DATA..J| Y DATA%0\ DATA..
DATA.. X_DATA..  _CRC _)PREAMBLE) N DATA /[ { DATA [ DATAOL)_DATA09) DATA.]| Y DATA89\ DATA..
DATA.. Y_DATA.. J__CRC )PREAWBLE) DATA.. )t\\:\ DATA [\ DATA | DATA00)( DATA08) DATA.. ]| Y DATA88\ DATA..
—f— )
RX_AXI_TUSER is asserted due to non-continuous RX DATA
Note: Latency between XGMII_RX signals and RX_AXI signals are not accurately illustrated here.
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Data Streaming Mode for Transmission

In Ethernet 10G MAC core, there are 2 data streaming modes for TX channel:
* Cut Through mode
¢ Store Forward mode

@ Note: The Store Forward mode is available in Efinity software version 2024.2.294.1.19 and later.

Cut Through Mode

During Cut Through mode, the Ethernet 10G MAC core starts transmitting the Ethernet
packet without waiting for the end of frame (EOF).

In the event of errors during Cut Through mode, the Ethernet frame becomes error frame,
i.e, XGMII TXD = FE and XGMII TXC = 1, and are terminated. More details on the error
TX frame is described in on page 24.

on page 20 illustrates the operation of 3 Ethernet
packets during Cut Through mode.

Figure 15: Cut Through Mode

EFX_MAC10GBE: DATA STREAMING MODE=CUT THROUGH MODE, PROGRAMMABLE_IPG=9
MAC10GBE_CLK

When TX_AXI_TREADY =0, TX_AXI_TVALID, TX_AXI_TLAST, TX_AXI_TDATA need to maintain signal state

TX_AXI_TREADY Vi Vi
TX_AXI_TVALID ~ /i i -
TX_AXI_TLAST i Ji
TX_AXI_TKEEP N P o i3 ) S P
TX_AXI_TDATA[63:56] DATAO7 ) DATAIS )} DATA._ X DATA )| DATA. || DATAGT DATATS ) DATA)( DATA_ || DATAO7 Y DATA ) DATA. ) DATA ) DATA. )} DATA-
TX_AXI_TDATA[55:48] DATA06 (IDATA14 ) DATA.. \ DATA. | DATA.. [ DATAO6 DATA14 | DATA. ) DATA.. |/ [ DATA06 )\ _DATA. Y DATA. ) DATA. )} DATA. ) DATA.
TX_AXI_TDATA[47:40] DATAOS \_DATA13 ) DATA.. X_DATA.. DATA. [ DATAO5 DATA13 \ DATA.. ) DATA.. [ DATAOS ) DATA. Y DATA.. Y DATA. ) DATA. ) DATA..
TX_AXI_TDATA[39:32] DATAOA ) DATALZ )} DATA. X DATA )| DATA. || DATAGZ DATATZ )\ DATA ) DATA ||\ DATA% | DATA0Z )\ DATA_ ) DATA. ) DATA. ) DATA. ) DATA.
TX_AXI_TDATA[31:24] DATAO3 ) DATAIL )} DATA. X DATA | DATA. ] DATAGS DATATL ) DATA_)( DATA_ ]/ Y(DATAIL Y DATAOS Y\ DATA.T )} DATA. ) DATA ) DATA. ) DATA.
TX_AXI_TDATA[23:16] DATA02 \_DATA10 J( DATA.. X_DATA.. DATA. | Y DATA154)( DATA02 DATA10Q \_DATA.. ) DATA.. || J(DATA%0 ) DATA02 ) DATA. Y DATA.. Y DATA.. ) DATA. ) DATA..
TX_AXI_TDATA[15:8] DATAOL J( DATAGY | DATA DATA. DATA. | Y DATA153) DATAOL DATA09 }{ DATA.. | DATA.. |/ ) (DATA89 | DATAOL JCDATA. {(DATA.. ) DATA.. J DATA. ) DATA..
TX_AXI_TDATA[7:0] DATAD ) DATAVS ) DATA Y DATA )| DATA. | }(DATAT52)( DATAGD DATAGE ) BATA ) DATA_ ]/ }(DATABE ) DATAD J(DATA- ) DATA- ) DATA- ) DATA ) DATA-
~ ~3 ~
Data starts transmitiing at XGMIl Interface Data starts transmitting at XGMIl Interface Data starts transmitting at XGMIl Interface
without walting for End of Frame (EOF) without waiting for End of Frame (EOF) without waiting for End of Frame (EOF)
XGMIL_TXC oT 00 ) FF_ oL 00 1 Y FE_ o1 00
XGMII_TXD[63:56] SFD DATAO7 \_DATA15 J( DATA.. J( DATA.. DATA.. Y Cipg=1 ipg=9 ) SFD ) DATA07 \ DATA15 ) DATA. ) DATA.. || CRC_)_ipy=7 )preaveLe) DATAO3 \_DATA.. \_DATA.. ) DATA.. X _DATA. ) _DATA.
XGMII_TXD[55:48] PREAWBLE) DATADS { DATALA ) DATA. )\ DATA. {___DATA.J| X CRC ) 1po=0_)PREAWBLE) DATAOG )\ DATALZ } DATA. \___DATA. | CRC ) ipg=6 )pReAveLE) DATAGZ ) DATA. ) DATA. ) DATA. ) DATA. ) DATA.
XGMII_TXDI[47:40] DATAT3 ) DATA. ) DATA_Y DATA. |} CRC__X_1pg=7 )PREAMBLE) DATAOS { DATAL3 J( DATA_ Y DATA | CRC ) ipg=5 _)pReAMBLE) DATAGL ) DATA ) DATA. ) DATA. ) DATA. )} DATA.
XGMII_TXD[39:32] PrEAMBLE) DATAO4 | DATA12 ) DATA.. ) DATA. ) DATA.. J_CcrRC ipg=6 |PREAMBLE)( DATA04 J DATA12 | DATA. ) DATA.. || DATA92 |_ipg=4 _)PREAMBLE) DATAOO ) DATA.. )} DATA.. ) DATA.. ) DATA. ) DATA.
XGMII_TXD[31:24] PrREAVBLE DATAO3 ) DATALL \_DATA.. ) _DATA. ) DATA. ] Y CRC ipg=5_JPREAMBLE) DATA03 \ DATA11 ) DATA. ) DATA. | DATA91 )_ipg=3 )(_ipg>9 ) SFD ) DATAO7 )_DATA. ) DATA.. X DATA. ) DATA.
XGMIL_TXD[23:16] DATAO2 ) DATALO ) DATA. ) DATA. ) DATA. ]| )DATAI54)_ipg=4 )PREAWBLE) DATAOZ ) DATAIO } DATA. )\ DATA. | DATAGO ) Tpa=2 ) ipg>0 )PREAVELE) DATAGS ) DATA ) DATA. ) (DATA. ) DATA:
XGMII_TXD[15:8] PREAVBLE) DATAOL | DATA09 \_DATA.. ) DATA. ) DATA.. \DATA153) ipg=3 )PREAMBLE) DATAOL ) DATAO9 J DATA. ) DATA. | DATABY ) ipg=1 ) ipg=9 )PREAMBLE) DATACS ) DATA.. ) DATA. ) DATA. ) DATA._
XGMII_TXD[7:0] DATA08 J_DATA.. ) DATA.. X DATA.. J(DATA152) ipg=2 _)PREAMBLE) DATA00 ) DATA08 Y\ DATA. ) DATA.. || )(DATAB8 _CRC ) ipg=8 )PREAMBLE) DATA04 ) DATA.. )( DATA.. ) DATA. ) DATA.

Notes: During Cut Through mode, the latency between TX AXI ST and XGMIl is 3, as illustrated here.
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Store Forward Mode

During Store Forward mode, Ethernet 10G MAC core starts transmitting the Ethernet
packet when the entire packet is received.

on page 21
illustrates the Store Forward operation of 3 Ethernet packets.

Figure 16: Store Forward Mode

EFX_MAC10GBE: Data Streaming Mode = Store Forward Mode, PROGRAMMABLE_IPG=11
MAC10GBE_CLK

TX_AXI_TREADY

TX_AXI_TLAST . — I

TX_AXI_TKEEP ~_FF EN 3 ) HE 7
TX_AX_ToATAS356] T T T 0 T T G790 D T RO [ (O /DR DA oAt DA
AL TOATAS 48 OATAGS AR || DA\ [oATAGE ) DAt ][ )(oAvA. oATeZ)(BATAID
TXAX_TORTASTA0) IR ST D G S A 9 A AT
TX_AXI_TDATA[39:32] DATAO4 )\ DATA. ) DATA. Y DATA. Y DATA. X oA g/l YPATAIZ08 OATADE X DATA. || Y DATAB4 X DATAS2 DATAOE l‘ DATA.. ][ ‘X\DATA. (DATAG0 Y DATAGE
TX_AX_TOATA3124] [[GATAS X DATA. Y DATA. ) DATA_ X DATA. Y__DAWA [ _JpATATZ0 [DATAGS X__DATA. | ) DATASS X DATAL XDATAGA ) DATA [/ JCDATA.)(DATASS XATAST

TX_AXI_TDATA[23:16] DATAOZ | DATA ) DATA. ) DATA. ) DATA. DATA. J_)pATALZ02 "DATADZ DATA_ ]| ) DATAB2 ) DATAS0 DATADZ ) DATA. [/ {(DATAL  DATASE,
TX_AX|_TOATAIS'E] DATADL ) DATA J(DATA. X DATA. ) DATA. Y DATA. |/ JORATz0 Ao AR ) DATA. ]/ XoAmeL DATADL X___DATA. ]| X-OATA ) DATAST Y DATASS
TXCAXI_TOATATZ0] AT DATA DRTAG) Y DATA. ]| Y(DATABO Y DATABS DATADO ) DATAL ]/ ) DATA)DATASS NBATAST\

N

—
Data starls wansmitting at XGMIl Interface when the enlire frame is eceived. Data s ready.
XGMILTXC

frame i received, but previous frame.

XGMIL_TXD[63:56]

XGMIL_TXD[55:48]

XGMIL_TXD[47:40]

XGMILTXD[39:32]

XGMILTXD[31:24]

XGMILTXD[23:26]

XGMIL_TXDIL5:8]
XGMILTXDIT:0]

Notes: Latency between TX AXI ST and XGMII is n

During Store Forward mode, you need to configure the TXFIFO_ DEPTH to store the full
TX packet. The depth of TXFIFO must be large enough to store the maximum length of
the TX Frames intended for transfer. The TXFIFO DEPTH setting is also dependent on
the VLAN tag enablement, since there are additional bytes for VLAN tag. The minimum
TXFIFO DEPTH is 8, which is to accommodate the minimum payload size.

14 Header Bytes + Maximum Payload Size

TXFIFO_DEPTH, on viaN tag = g

18 Header Bytes + Maximum Payload Size
TXFIFO_DEPTHypan tag = 3

The storing mechanism of TXFIFO is based on the entirety of the frame, as shown by

on page
22. When TX AXI VALID = 1, TXFIFO stores the corresponding TX AXI TLAST,
TX AXI TKEEP and TX AXI TDATA. When TX AXI VALID = 0, TXFIFO stops
storing, but still waits for the full frame before starts transmitting.

In the event of TXFIFO overflow, where TXFIFO DEPTH is insufficient to store the entire
full frame with maximum frame size, the entire frame is scrapped.

Once the entire frame is stored, TXFIFO starts transmitting the Ethernet frame at XGMII
TX interface subjecting to the priority as described in on page 17. However,
in the event of non-streaming data, the Ethernet frame becomes an error frame, i.e.,

XGMII TXD = FE, XGMII TXC = 1, and is terminated.
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More details on the Error TX frame is described in on page
24.

Figure 17: Storing Mechanism of TXFIFO during Store Forward Mode

EFX_MAC10GBE: TXFIFO_DEPTH=64 (This depth is capable to store 14 Octets of Header and Payload Size up to 498 bytes)

MAC10GBE_CLK

TX_AXI_TREADY

| —
TX_AXI_TVALID —

TX_AXI_TLAST N —
TX_AXI_TKEEP FE FE_ 3F\ FE 7F ~ 00
TX_AXI_TDATA[63:56] DATAO7 )\ DATA.. )} DATA.. ) DATA..~ DATA.. DATA391 DATA07 \_DATA.. DATA. ]| DATAG4T N\
TX_AXI_TDATA[55:48] DATAO6 \_DATA.. ) DATA.. ) DATA. DATA.. DATA390 /[ DATAO6 X DATA.. DATA. ]| DATAG46 ) DATAG54\
TX_AXI_TDATA[47:40] DATAGS ) DATA. )} DATA. ) DATA. ) DATA. ) DATA. DATA389)( DATA397) DATAOS ) DATA.. DATA.. || DATAG45  DATAG53
TX_AXI_TDATA[39:32] DATAOA ) DATA. )} DATA. )_DATA. ) DATA. )~ DATA. DATA388){ DATAGS6 | DATAGA ) DATA- DATA.. || DATAG44)( DATAG52\
TX_AXI_TDATA[31:24] [ DATA03 J_DATA.. )} DATA. ) DATA. ) DATA. ) DATA. XDATA387‘DATA03 DATA. || )(DATA643)DATA651\
TX_AXI_TDATA[23:16] DATA02 \_DATA.. ) DATA. ) DATA. ) DATA. DATA. ]/~ {DATA386 ) DATA394)(DATAC2 J( DATA.. DATA.. || DATA642)( DATA650
TX_AXI_TDATA[15:8] DATAOL \_DATA.. ) DATA.. ) DATA.. ) DATA. oATA || {(DATA385)(DATA393 ) DATAOL ) DATA.. DATA. ]| DATAG41)(DATAG49\
TX_AXI_TDATA[7:0] DATA00 \_DATA.. ) DATA. ) DATA. ) DATA. DATA.. || DATA384 ) DATA392  DATAQO ) DATA.. DATA.. || DATAG40)( DATAG48\
thus column drop > —
Data starts transmitting at XGMI Interface when the entire frame is received Note(2)
XGMII_TXC 01 [/ FC FF
XGMII_TXD[63:56] SFD__ ) DATA07 Y DATA.. DATA.. || DATA391)__CRC! idle idle idle
XGMII_TXD[55:48] PREAMBLE( DATA06 _DATA.. DATA.. || DATA390)__CRC idle idle idle
XGMII_TXD[47:40] PREAMBLE( DATA05 _DATA.. DATA.. || DATA389)(DATA397 ) idle idle idle
XGMII_TXD[39:32] DATA.. DATA.. || DATA388)( DATA396)__idle idle idle
XGMII_TXD[31:24] DATA. X DATA.. || XDATA387) DATA395) _idle X idle _J X idle
XGMII_TXD[23:16] PREAMBLE( DATA02 \_DATA.. DATA.. || DATA386)(DATA394)__idle idle idle
XGMII_TXD[15:8] lPREAVBLE( DATAOL ) DATA.. DATA.. [ DATA385) DATA393) CRC idle idle
XGMII_TXD[7:0] PREAMBL DATA.. DATA.. [ DATA384 f DATA392 )\ CRC idle. idle’

Notes: (1) Latency between TX AXI ST and XGMI! is not accurately illustrated here.
(2) Frame is dropped due to TXFIFO Overflow.
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Automatic Padding for Short TX Frames

To conform to the Ethernet format, the minimum payload size is 46 for non-VLAN tagged
and 42 for VLAN tagged frames. In the event of short TX packets, the Ethernet 10G MAC
core automatically pads with zeros to fulfill the minimum payload size.

Figure 18: Auto Padding
MAC10GBE_CLK

TX_AXI_TREADY

TX_AXI_TVALID / \
TX_AXI_TLAST [\
TX_AXI_TKEEP / FF X 03 \
TX_AXI_TDATA[63:56] / DATA07 X DATA15 X DATA23 )} DATA31 \
TX_AXI_TDATA[55:48] / DATA06 X DATA14 Y DATA22 Y DATA30 \
TX_AXI_TDATA[47:40] / DATAO05 Y DATA13 ) DATA21 )} DATA29 \
TX_AXI_TDATA[39:32] / DATA04 X DATA12 X DATA20 )} DATA28 \
TX_AXI_TDATA[31:24] / DATA03 ) DATA11 Y DATA19 X DATA27 \
TX_AXI_TDATA[23:16] / DATA02 X DATA10 X DATA18 )} DATA26 \
TX_AXI_TDATA[15:8] / DATAO1 X DATA09 ) DATA17 X DATA25 \ DATA33 \
TX_AXI_TDATA[7:0] / DATA00 X DATA08 ) DATA16 )} DATA24 Y DATA32 \
e 64 bytes »!
XGMII_TXC [ o1 X 00 \
XGMII_TXD[63:56] / SFD X DATA07 )} DATA15 Y DATA23 Y DATA31 ) 00 00 |/ X _CcRC \
XGMII_TXD[55:48] /PREAVBLEY DATAO06 )} DATA14 Y DATA22 Y DATA30 00 00 / X _CRC \
XGMII_TXD[47:40] /PREAMBLEY DATAO5 )} DATA13 Y DATA21 Y DATA29 X 00 00 // X _CRC \
XGMII_TXD[39:32] /PREAMBLEY DATA04 )} DATA12 Y DATA20 X DATA28 00 X 00 |/ X _CcRC \
XGMII_TXD[31:24] /PREAMBLEY DATAO03 Y DATA11 Y DATA19 X DATA27 | 00 X 00 /X 00 \
XGMII_TXD[23:16] /PREAMBLEY DATA02 Y DATA10 Y DATA18 \ DATA26 | 00 ¥ 00 /J X o0 \
XGMII_TXD[15:8] /PREAMBLEY DATAO1 )} DATA09 Y DATA17 X DATA25 ¥ DATA33 ) 00 / X 00 \
XGMII_TXD[7:0] /PREAMBLEY DATAO00 )| DATA08 Y DATA16 Y\ DATA24 ¥ DATA32 ) 00 // X 00 \

Notes: Latency between TX AXI ST and XGMII is not accurately illustrated here.
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Terminating Bad TX Frames

The following are the causes of error at TX channels:

* Non-Compliant TX AXI TLAST

* Assertion of TX AXI TUSER

* Non-streaming TX data

* Dropped TX AXI TVALID (Cut Through mode only)
* TXFIFO overflow (Store Forward mode only)

Non-Compliant TX_AXI_TLAST

An Ethernet frame should consist minimally destination address, source address, optional
VLAN tag and ETHERTYPE/LEN. This means that an Ethernet frame spans across a
minimum of 2 clock cycles, where TX AXI TLAST should be pulse based.

on page 24
illustrates a case of non-compliant TX_AXI TLAST.
* At label with (3c), the Ethernet frame spans only 1 clock cycle. Here, TX AXI TLAST

is asserted at start of frame, results in silent drop of the < 8 octets short frame with
incomplete headers.

* At labels (3a) and (3b), TX AXI TLAST spans multi-clock cycles, Ethernet 10G MAC
core decodes it as 2 invalid short frames and silently drop the 2 frames of < 8 octets.

®

Figure 19: Invalid TX Frames Due to Non-Compliant TX AXI TLAST

Note: There is no indicator on the silently dropped TX frame. In replacement of the
silently dropped TX Frame, XGMII TX transmits IDLE.

EFX_MAC10GBE:PROGRAMMABLE_IPG=9
MAC10GBE_CLK

Muli-cycle TLAST TLAST@SOF,

Invalid (3¢) | Frame with 1 Payload,

Back to-back Short TX Frames

Frame with 2 Payloads
—

invalid 3a) | invalid (3b) Frame with 0 Payload

TX_AXI_TVALID

TX_AXI_TLAST )

TX_AXI_TKEEP FE 3 FE 5 . e
TX_AXI_TDATA(63:56] RC_ADD| DATAGZ RC_ADD)
TX_AXI_TDATA[55:48] RC_ADD) DATAOL JSRC_ADD\

TX_AXI_TDATA[47:40] /55T ADD}ENTYP

TX_AXI_TDATA[39:32] BST_ADD)LENITYP
TX_AXI_TDATA[31:24] BST_ADD)SRC_ADD

DST_ADD)ENTYPE

/DST_ADD)ENTYPE,

TX_AXI_TDATA[23:16]
TX_AXI_TDATA[15:8]
TX_AXI_TDATA[7:0]
TX_AXI_TREADY

/DST_ADD)SRC_ADD\

/PST_ADD)SRC_ADD\

DST_ADDJSRC_ADD\

/PST_ADD)SRC_ADD\

DST_ADDSRC_ADD\

[5ST_ADD)SRC_ADD\

/PST_ADD)SRC_ADD\

Sient Drop Sient Drop

XGMILTXCI7:0] o) W T ) S G G/ ST | w0 I ) S G © T ) 3
XGMII_TXD[63:56] [ SFD__JSRC_ADD)( DATA02 X PADO ]| Y CRC ) ipg=8 )_idle ide J| J__SFD m PADO_)( PADO J/ ) _CRC Y ipg=8 )PREAMBLE\DST_ADDISRC_ADD(_PADO ) PADO ]| J__CRC ) idie
XGMII_TXD[55:48] __( DATAOL ) PADO /Y CRC ) ipg=7 ) _idle idle | )PREAVBLEISRC_ADD( DATATO PADO J/ ) CRC Y _ipg=7 )pREAVBLEIDST ADDISRC_ADD| PADO X PADO | Y CRC Y idle
XGMII_TXD[47:40] [PREAWBLE(DST_ADD)ENTYPE| PADO /-Im-mm—mm-_ ENTYPE( PADO /[ TT)CRC Y ipg=6 )PREAVBLE(DST ADDSRC_ADDY_PADO PAD0 | Y CRC Y idie

XGMIL_TXD[39:32]
XGMIL_TXD[31:24]
XGMII_TXD[23:16]
XGMIl_TXD[15:8]
XGMII_TXD[7:0]

DST_ADD{LENTYPEY PADO /Y CRC ) Tbg=5 )

[CX"CRC ) ig=5 )PREAMBLE/DST ADDJSRC ADD( PADO )} PADO ] ) CRC

)CPABO ) ipg=4 ) ipg>3 )_SFD )SRC_ADD) PADO )___PADO J| ) PADD )} ide

)CPABO) ipg=3 ) ipg>3 )PREAVBLE/SRC_ADD) PADO ) PADO J| ) PADD ) il

PADD | )_PADD ) _idle

Eaoo I BT s s | e e S S Y
PAD0 || )_PADO ) Tpe=s ) e |10 ]| )preaveiepST ADD)SRC ADDPADO |
PABO |\ PABO ) Tpo=2 ) a9 ) ide ) )ymmm PADO )|
00 A 0 TS G G )

Note: (1) DST_ADD=Destination Address, SRC_ADD=Source Address, LEN/TYPE=Ethernet Length/Type, PADO=Auto Pad with 00.

(2) lllusifated here is the real latency of 3 between TX_AXI and XGMII_TX during Cut Through Mode. TX_AXI_TUSER=0 is not illustrated here.
3¢

) Frame without headers. (3b) Frame with incomplete headers. (3c) Frame with incomplete headers.

)CPABO ) pg=2 )_ipg>3 )PREAVBLE|DST_ADD)EN/TVRE
(CPABO ) ip (Cipg=9 )
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The assertion of TX AXI TUSER indicates that there is an error in the data streaming. Upon
the assertion of TX AXI TUSER, the Ethernet 10G MAC core terminates with error frame,

i.e., XGMII TXD = FE, XGMII TXC = 1, and drops any remaining data frame. Refer to

Figure 20: Error Frame Due to Assertion of TX AXI TUSER

MAC10GBE_CLK

TX_AXI_TREADY
TX_AXI_TVALID
TX_AXI_TLAST
TX_AXI_TKEEP
TX_AXI_TDATA[63:56]
TX_AXI_TDATA[55:48]
TX_AXI_TDATA[47:40]
TX_AXI_TDATA[39:32]
TX_AXI_TDATA[31:24]
TX_AXI_TDATA[23:16]
TX_AXI_TDATA[15:8]
TX_AXI_TDATA[7:0]
TX_AXI_TUSER

XGMII_TXC
XGMII_TXD[63:56]
XGMII_TXD[55:48]
XGMII_TXD[47:40]
XGMII_TXD[39:32]
XGMIL_TXD([31:24]
XGMII_TXD[23:16]
XGMII_TXD[15:8]
XGMII_TXD[7:0]

®

EFX_MAC10GBE:PROGRAMMABLE_IPG=9

on page 25.

U U
U U
L L
= I o FE /A ) FE ot
DATAO7 ) DATA.. Y DATA. }___ DATA. || DATAB7 DATAQ7 f_DATA15 \ DATA23 ) DATA3L DATA63][ DATA7L DATAO07 \_DATA1S
DATA06 ) DATA. ) DATA. J____ DATA.J/ DATAB6 DATA06 ) DATA14 ) DATA22 | DATA0 ) DATA62]/ )\ DATA70 ) DATATS DATA6 ) DATALA
DATA05 ) DATA.. )\ DATA. }___ DATA. | DATA85 )\ DATA93 DATAO5 | DATA13 )\ DATA21 ) DATA29 DATA61][ DATA69 ) DATA77 DATAO5 \_DATA13
DATAO4 ) DATA. )\ DATA. J___ DATA. ]| DATA84 ) DATA92 DATA04 ) DATA12 ) DATA20 ) DATAZ28 ) DATA60]/ DATA68 ) DATAT6 DATAO4 ) DATAL2
DATAO03 )_DATA. DATA. J___ DATA.J| DATA83 )\ DATA91 DATAO3 J_DATA11 X DATA19 ) DATA27 Y DATA59][ DATA67 ) DATA75 DATA03 ) DATALL
DATA02 ) DATA. ) DATA. J____ DATA.J/ DATA82 ) DATA90 DATAO2 f_DATA10 X DATA18 ) DATA26 DATAS8]/ ) DATAGG ) DATAT4 DATA02 ) DATA10
DATAOL Y_DATA. DATA. }____DATA. ]| DATA81 ) DATAB9 DATAOL ) DATA09 )} DATAL7 ) DATAZ25 ) DATAST][ DATAG5 ) DATA73 DATAOL ) DATA09
DATAGD ) DATA.. ) DATA. J____ DATA. ]/ DATAB0 ) DATAB8. DATAQ0 \_DATA08 \_DATA16 ) DATA24 DATA@CX DATA64 ) DATAT2 DATA00 _DATA08 ) DATA16
I N N I N\
\ Octets \
Drop Data Drop upon Error Condition Frame is dropped starting from SOF
[T 00 i Y FF 1F X T 00 X FF X J—FE X FF
SFD__)( DATAO7 J_DATA.. )_DATA. DATAL J| Y\ DATA87 ) ipg=7 \(DATALL Y DATALS idle ) e X idle
PREAVBLE| DATA06 )| DATA.. ) DATA.. DATA.| || ) DATABS )\ 1pg=6 )PREAMBLE DATAO2 ) DATALO ) DATATS idie Y Jidie X idle
PREAVBLEY DATAO5 | _DATA.. ) DATA.. DATA. | X DATAB5 ) ipg=5 )PREAMBLE( DATAOL ) D idle ) e X idle
PREAVBLEY DATA04 )| DATA.. ) DATA.. DATA. || Y DATAB4 | ipg=4 )PREAMBLE( DATACD ) DATA08 | DATA16 ide Y Jidie X idle
PREAMBLE) DATAO3 ) DATA.. )} DATA. DATA. ]/ ) DATA83 ) ipg=3 ipg>9 ) SFD ) DATAO7 ) DATA1S idle ) Jidie X idle
PREAMBLE| DATA02 ) DATA.. ) DATA. DATA.. || ) DATAB2 | ipg=2 ipg>0 )PREAMBLE| DATAD6 ) DATALA idle ) [ idie X idle
PREAMBLE) DATAOL ) DATA.. )} DATA. DATA.. |/ \(DATAm Y Cipg=1 ipg=9 )PREAMBLEY DAm)é\x DATA13 idle ) I idie X idle
PREAWBLE| DATACD J DATA.J DATA DATA. || ) DATABOY__FE ) ipg=0 )pREAMBLE( DATAG \ DATATZY__FE Y e C idle

Error Frame upon Error Condition Error Frame upon Error Condition Dropped frame, replaced with IDLE

Notes: lllustrated here is the real latency of 3 between TX AXI ST and XGMII during Cut Through Mode.

Note: When TX AXI TVALID = 0, the whole column of TX AXI signals (TDATA, TKEEP, TLAST, TUSER)
is deemed as invalid, as described in

on page 13. Any assertion of TX_AXI TUSER during

TX AXI TVALID = 0is notan error.
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Non-Streaming TX Data

For Ethernet application, TX AXI TDATA needs to be streaming and continuous, where
TX AXI TKEEP = FF except at TX AXI TLAST. Streaming data, at TX AXI TLAST,
means TX_AXI TKEEP = {01, 03, 07, OF, 1F, 3F, 7F, FF}.

Upon the occurrence of non-streaming TX data, Ethernet 10G MAC core terminates with
error frame, i.e., XGMII TXD = FE, XGMII TXC = 1, and drops the remaining of the
data frame. If the error occurs at the start of frame (SOF), Ethernet 10G MAC core drops
the entire frame and outputs IDLE octets. Refer to

on page 26.

Figure 21: Error Frame Due to Non-Streaming TX Data

oSS P e N eI s I s S e N e T e I e I s S e eI e s e T e I e s e e T e A s s s A O o B

TX_AXI_TREADY

TX_AXI_TVALID Vi i
TX_AXI_TLAST
TX_AXI_TKEEP FF I =sr FF = X FF_J ) FF 3F _FB FF__J__ o1
TX_AXI_TDATA[63:56] DATAO7 J(_DATA.. J( DATA.. DATA.. || DATA87 N\ DATAO7 ) DATA15 ) DATA23 Y DATASL X DATA@[ Y DATATL DATAO07 )} DATA1S
TX_AXI_TDATA[55:48] DATAO6 J_DATA. DATA. DATA.. || DATAB6 h DATAO06 ) DATA14 ) DATA22 ) DATA30 | DATAst/ )\ DATATO DATAD6 )( DATA14.
TX_AXI_TDATA[47:40] DATAO5 J(_DATA.. J( DATA.. DATA.. || DATAB8S5 |_DATA93 DATAO5 ) DATA13 ) DATA21 ) DATA29 DATA61]/ )\ DATA69 ) DATA77 DATAO5 )( DATA13
TX_AXI_TDATA[39:32] DATA04 \_DATA. DATA. DATA.. || DATAB4 |_DATA92 DATA04 ) DATA12 ) DATA20 ) DATA28 )| DATA@ ) DATA67 X DATA76 DATA04 ) DATA12
TX_AXI_TDATA([31:24] DATAO3 ) DATA.. J( DATA.. DATA.. || DATAB3 JINVALID\ | DATAO03 )( DATALL | DATA19 \ DATA27 )| DATA@/ )\ DATA67 Y DATATS DATA03 )( DATALL
TX_AXI_TDATA[23:16] DATAOZ ) DATA. ) DATA. DATA. || DATAB2 | DATASO\ | DATAZ ) DATALO | DATATS J DATAZG )| _DATASS]/ ) DATAGE X DATATA /INVALID Y DATAL0 \
TX_AXI_TDATA[15:8] DATAO1 ) DATA.. ) DATA.. DATA.. || DATAB1 )_DATA89 | DATAOL ) DATA09 ) DATA17 )\ DATA25 )_ | DATAE/ )\ DATA65 ) DATAT3 DATAO1 ) DATA09
TX_AXI_TDATA[7:0] DATAQ0 ) DATA.. J( DATA.. DATA.. || DATAB0 )_DATA88 | DATAOO ) DATAO8 ) DATA16 ) DATA24 “ DATA@ )\ DATAG4 ) DATATZ DATA00 |} DATA08 ) DATA16
TX_AXI_TUSER | |
| Octets | |
| Drop | Data Drop upon Error Condition Frame is dropped starting from SOF
| o
XGMILTXC [ 00 I FF T F ) 00 Y FF [ —FF | X FF
XGMII_TXD[63:56] SFD DATAO7 J__DATA.. J_ DATA.. | DATA. ]| Y DATA87 \_ipg=7 )pREAMBLE(_DATA03 ) DA+A11 \(DATAL9 Y idle [idie | X idle
XGMII_TXD[55:48] DATA.. ) DATA. /ﬁ ) DATAB6 ) ipg=6 _)PREAMBLEN DATAO2 ) DATA10 ) DATA18 }__idle [ idie X idle
XGMII_TXD[47:40] DATA. | DATA. ]| Y DATAB5 \_ipg=5 )pREAMBLEN DATAOL ) DATACS \DATAL7 ) idie Jidie X idle
XGMII_TXD[39:32] DATA. X DATA.. ]| | ) DATA84 \_ipg=4 )PREAMBLE/ DATAQO } DATA08 Y DATAL6 )_idle [idie X idle
XGMII_TXD[31:24] DATA. | DATA. ]| | Y DATA8B3 Y ipg=3 )_ipg>9 )_SFD ) DATAQ7 J DATA15 ) idie [ idie X idle
XGMII_TXD[23:16] DATA.. | DATA. ] "\ DATAB2 Y ipg=2 )_ipg>9 )pREAMBLE| DATA06 J DATA14 ) idle [idie X idle
XGMII_TXD[15:8] DATA.. ) DATA.. || X\pATAs] Y ipa=1 ) _ipg=9 )PREAMBLE| DATA0S X\pATAla Y idle [ idie X idle
XGMIL_TXD[7:0] DATA. )\ DATA. ]| ) DATABON_FE_) ipg-8 )PREAMBLE DATAGA ) DATATZHFE e = ide
Error Frame upon Error Condition Error Frame upon Error Condition Dropped frame, replaced with IDLE

Notes: lllustrated here is the real latency of 3 between TX AXI ST and XGMII during Cut Through Mode.
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Dropped TX_AXI_TVALID Before End of Frame

Streaming data means continuous DATA bytes from the start of frame (SOF) until the end
of frame (EOF). This means that TX AXI TVALID should remain asserted from SOF until
EOF. In Cut Through mode, a dropped TX AXI TVALID during the course of streaming

data breaks the continuity of a streaming data. When this occurs, the XGMII TX outputs an
error frame. Refer to

on page 27.

Note: When TX AXI TVALID = 0, the entire column of TX AXI signals (TDATA,
TKEEP, TLAST, and TUSER) is deemed as invalid.

on page 27 illustrates how
TX_AXI TVALID defines the start of frame (SOF).

Figure 22: Error Frame Due to Dropped TX AXI TVALID(Cut Through Mode Only)

MAC10GBE_CLK

TX_AXI_TREADY Vi Vi
TX_AXI_TVALID ~ @
TX_AXITLAST S N\
TX_AXI_TKEEP FF i o7 FF FF FF_J_ X FF N oF FF__ | FF 01
TX_AXI_TDATA[63:56] DATA07 J(_DATA. DATA. DATA. | | DATA87 DATAO7 J( DATA15 | DATA23 ) DATA31 )( | DATAG3) DATA71 [ DATAO7 ) DATA1S
TX_AXI_TDATA[55:48] DATA06 J_DATA. ) DATA. DATA. || DATABE | DATAO6 | DATAL4 ) DATA22 \ DATA30 J( | DATAG2]| ) DATA70 [ DATACG | DATAL4
TX_AXI_TDATA[47:40] DATAO5 J(_DATA. DATA. DATA.. | J(DATA85 | DATAO5 ) DATA13 ) DATA21 ) DATA29 | DATA61]] ) DATA69. [ DATAO5 ) DATAS,
TX_AXI_TDATA[39:32] DATA04 ) DATA.. \_DATA.. DATA. | ) DATAB4 | DATAO4 | DATAL2 ) DATA20 )\ DATA28 X__ | DATAG0] ) DATAG8 [ DATA04 |( DATALZ|
TX_AXI_TDATA[31:24] DATAO3 | _DATA.. ) DATA.. DATA.. ]| Y DATAB3 | DATA03 J( DATALL ) DATA19 X DATA27 }(_ | DATAS9]| )\ DATA67 J DATATS DATA03 | DATALL]
TX_AXI_TDATA[23:16] DATA02 J DATA.. X DATA. DATA. |\ DATA82 | DATAS0 \ | DATA02 ) DATA10 ) DATA18 Y DATA26 J(_| DATAS8]| ) DATAG6 J( DATA74 DATA02 | DATA10|
TX_AXI_TDATA[15:8] DATAOL J_DATA.. )(_DATA. DATA. || | DATABL { DATABS | DATAOL ) DATA09 ) DATA17 \ DATA25 i DATAS7]| ) DATAGS ) DATAT3 DATAOL | DATAOS! ;
TX_AXI_TDATA[7:0] DATAQO J_DATA.. )(_DATA. DATA.. || DATA80 Y DATAB8 DATAQO )} DATA08 ) DATA16 X DATA24. DATAS6) DATAG4 )} DATAT2 DATAQO ( DATA0B|)( DATA16
TX_AXI_TUSER I
‘ oete ‘ Note(2)
Drop Data Drop upon Error Condition
— »

XGMI_TXC o1 00 /i Y FF ) 1F [ Y FF X FF ) 01 00 I
XGMII_TXD[63:56] SFD__ X DATAO7 X_DATA.. \_DATA. ) DATA.. ||\ DATA87 J(_ipg=7 )PREAMBLEX DATAO3 ) DATALL \ DATAL9 )__idle ) idle {__SFD_ Y DATALS PADO I
XGMII_TXD[55:48] PREAMBL DATA. ) DATA. ) DATA.. ||\ DATA86 J_ipg=6 )PREAMBLEY DATAO2 X DATALO } DATAL8 )__idle ) Jidie PrREAMBLE( DATA14 Y PADO ]\
XGMII_TXD[47:40] PREAMBLI DATA.. \_DATA.. )\ DATA.. J___ ) DATA85 J_ipg=5 )PREAMBLEX DATAOL ) DATA09 Y DATAL7 )__idle ) idle JereEAvBLE DATALS X PADO I
XGMII_TXD[39:32] PREAMBLE DATA. )\ DATA. ) DATA.. ||\ DATA84 J_ipg=4 )PREAMBLEY DATAOD X DATAO8 J DATAL6 )__idle ) idle PREAMBLE( DATA12 \_ PADO ]|\
XGMII_TXD[31:24] PREAMBLI DATA.. J_DATA. | DATA.. ]/ | J(DATA83 ) ipg=3 ) ipg>9 SFD_((DATAO7 ) DATA1S J_idle ) idle fREAMBLE\ DATALL \__ PADO ]\
XGMII_TXD[23:16] PREAMBLE DATA. ) DATA. ) DATA. ]|\ \ DATA82 J_ipg=2 )_ipg>9 DATAOE J( DATAL4 J__idle ) idle PREAMBLE( DATAT0 \__ PADO ]\

XGMII_TXD[15:8] PREAMBL DATA.. )\ DATA. ) DATA. ]| DATA8L ) ipg=1 ) ipg=9 DATAO5 J(DATAL3 J_idle ) Jidie PrEAMBLE( DATAOS \_ PADO ]\
XGMII_TXD[7:0] PREAMBLI DATA. J_DATA. X DATA.. [ diTAM FE ) ipg=8 DATA04 ) dATAj—;Y FE__ ) idle PREAMBLE( DATA08 \ DATA16 J____ PADO J/ \
Error Frame upon Error Condition Error Frame upon Error Condition Valid frame, minus the dropped column

Notes: (1) lllustrated here is the real latency of 3 between TX AXI ST and XGMIl during Cut Through Mode.
(2) Data become invalid due to TX_AXI_TVALID = 0. Hence, the data will be dropped and this is NOT SOF:

However, in Store Forward mode, the Ethernet 10G MAC core stores the entire frame before
starts transmitting. Based on the storing mechanism shown in

on page 22, a dropped
TX AXI TVALID means that the whole column of TX AXI * signals (TDATA, TKEEP,
TLAST, and TUSER) is not stored in the TXFIFO. Upon TX AXI TLAST, i.e., once the
entire frame is stored, the Ethernet 10G MAC core starts transmitting the Ethernet frame
at the XGMII TX interface. Hence, a dropped TX AXI TVALID does not warrant an error
frame during Store Forward mode.

TX FIFO Overflow

During Store Forward mode, you need to configure the TXEFIFO DEPTH value to store
the TX AXI TDATA. In the event of a TX FIFO overflow, where TXFIFO DEPTH is
insufficient to store the entire full frame with maximum frame size, the entire frame is
scrapped. The XGMII TX outputs IDLE frame in the replacement of the scrapped transfer.

on page 42 shows the
TX FIFO overflow condition, together with the corresponding statistic reporting.
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Erroneous RX Frame

Similar to the TX, the Ethernet 10G MAC core asserts RX_AXI TUSER to indicate an error
in the RX data frame. The following lists the types of error occurring at RX channel:

* Undersized RX frame

*  Opversized RX frame

* RX frame length mismatch

* FCS error

* Non-streaming RX data frame

e Error frame

Undersized RX Frame

For Ethernet frame, the minimum payload size is 46 for non-VLAN tagged and

42 for VLAN tagged frame. If the RX frame does not meet the minimum payload

size, it is flagged as an undersized RX frame. When this occurs, the Ethernet 10G

MAC core asserts RX_AXI TUSER and increments the RX statistic reporting,

cnt rx frame undersized. on page
43 describes an undersized RX frame.

Oversized RX Frame

At RX, every decoded RX frame is checked for its physical frame length and compares
with the user’s configured Maximum Transmission Unit Frame Length. If the physical
frame length is larger than Maximum Transmission Unit Frame Length, it is flagged as an
oversized RX frame. When this occurs, the Ethernet 10G MAC core asserts RX_AXI TUSER
and increments the RX statistic reporting, cnt _rx frame oversized.

on page 43 describes an oversized RX frame.

Mismatched Length RX Frame

For Ethernet frame with payload size < 1500, the Ethernet 10G MAC core cross-checks
the physical frame length against its ETHERTYPE/LEN field. If the physical frame length
mismatches the value in the field, it is flagged as RX frame with mismatched length. When
this occurs, the Ethernet 10G MAC core asserts RX_AXI TUSER and increments the RX
statistic reporting, cnt rx frame mismatched length.

on page 44 describes a RX frame with mismatched length.

Frame Check Sequence (FCS) Error

Every decoded RX frame undergoes CRC check at XGMII RX. If the CRC check fails, then

there is an error in the RX frame. When this occurs, the Ethernet 10G MAC core asserts

RX_AXI TUSER and increments the RX statistic reporting, cnt _rx frame error fcs.
on page 44 describes a RX frame

with FCS error. FCS error is also known as CRC error.
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Non-Streaming RX Data Frame

A non-streaming RX frame contains non-continuous data; hence, it is invalid and not counted
as part of the RX frame length. The RX frame length calculation may affect the statistic
reporting concerning oversized RX frame, undersized RX frame and RX frame with mismatched
length.

When a non-streaming RX frame occurs, the Ethernet 10G MAC core asserts
RX AXI TUSER and increments the RX statistic reporting, cnt rx frame errors.
The Ethernet 10G MAC core converts XGMII RXD and XGMII RXC into RX AXI TDATA
and RX AXI TKEEP respectively, based on WYSIWYG concept.

on page 46 describes a non-streaming RX
frame.

Error Frame

Error frame is XGMII RXD = FE and XGMII RXC = 1. When error frame occurs, the final
4 octets are decoded as CRC, results in CRC error. Here, the Ethernet 10G MAC core asserts
RX_AXI TUSER and increments the RX statistic reporting, cnt_rx frame errors and
cnt rx frame error fcs. Referto

on page 47.
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Address Filtering and Broadcast Filtering at RX

The Ethernet 10G MAC core supports unicast, multicast, and broadcast filtering for the
incoming RX Ethernet frame. When any of these filtering is enabled, each of the incoming
RX Ethernet frame is filtered if the destination address mismatches the user-configured MAC
Source Address.

When the broadcast filtering is enabled, all RX frames with destination address of
48’hFFFF_FFFF FFFF are filtered. To enable broadcast filtering, you need to set the
Broadcast Filtering option to Enable.

To enable Unicast or Multicast Address Filtering, you should drive a pseudo-async signal
to port rx_address filtering mask. The rx_address filtering maskisa48-
bit width input that allows you to apply bit-wise address filtering to the RX frame coming
from the Ethernet 10G PCS. Asserting any bit to 1 means that the respective address bit is
compared. Setting the bit to 0 means that the respective address bit is not compared.

on page 31 shows
the examples of unicast, multicast, and broadcast filtering operation.

During the address and broadcast filtering operations, any RX Ethernet frame with
mismatched address is filtered and silently dropped. Dropped RX frame does not appear
at RX AXI ST64 interface, hence you may need to monitor the statistic reporting, namely
cnt_rx frame filtered by address, to track the filtered (and dropped) RX frames.
on page 32,
on page 32, and
on page 32 illustrate on the broadcast, unicast and multicast
filtering operations together with the incremental statistic reporting.
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Table 3: Examples of Unicast, Multicast, and Broadcast Filtering Operation

Broadcast rx_address_ MAC SOURCE Destination Filtered and Application
Filtering filtering_mask ADDRESS Address'® Dropped / Output
at RX AXI ST
Unicast
Don't Care 48'hFFFF_ 48'hAE3A_ 48'hAE3A_ Output at RX AXI ST Unicast
FFFF_FFFF 2020_0080 2020_0080
Don't Care 48'hFFFF_ 48'hAE3A_ 48'h3E3F_ Filtered & Dropped Unicast
FFFF_FFFF 2020_0080 7A20_0080
Multicast
Don't Care 48'hFFFF_ 48'hAE3A_ 48'h3E3F_ Filtered & Dropped Multicast
FFFF_0000 2020_0080 7A20_0080
Don't Care 48'hOFF0_ 48'hAE3A_ 48'h3F3E_ Filtered & Dropped Multicast
OO0FF_FFFF 2020_0080 7A20_0080
Don't Care 48'hOFF0_ 48'hAE3A_ 48'h3E3F_ Output at RX AXI ST Multicast
OOFF_FFFF 2020_0080 7A20_0080
Don't Care 48'h6FFA_ 48'hAE3A_ 48'h3E3F_ Output at RX AXI ST Multicast
ASFF_FFFF 2020_0080 7A20_0080
Broadcast
ENABLE Don't Care Don't Care 48'hFFFF_ Filtered & Dropped Broadcast
FFFF_FFFF
DISABLE Don't Care Don't Care 48'hFFFF_ Output at RX AXI ST -
FFFF_FFFF
Address Filtering Is Not Enabled
DISABLE 48'h0000_ 48'hAE3A_ 48'hAE3A_ Output at RX AXI ST -
0000_0000 2020_0080 2020_0080

@) Destination address of the incoming RX Ethernet frame.
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Figure 23: Silent Drop of Broadcast RX Frame

EFX_MACI0GBE: MAC Source Address = AE3A_2020_0080, BROADCAST FILTERING=ENABLE, ADDRESS FILTERING=DISABLE
MAcmesE,chy_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\y_\

RX_ADDRESS_FILTERING_MASK [ address filtering mask must be pseudo-static.| '0000_0000_0000
XGMII_RXD[63:56] SFD Y DATAOT ) DATA. [ 1pg=1 )PREAMBLE( FF- -._ DATA.., - DATALLZ) _- SFD.

XGHI_RXDISS 48] ---lmm e
XowLRxole7a0) ___ frremaie( 8o BATAL]| ) CRc Jpreaueie Fr Y DATAs__bATAL][ ) CRc ) s Jpreube( B0 ) DATAL[Y(OATAIoR) o1 JpreAveis(_SA )(DAA. DA, || ) DAmass){ orc ) ows e
oMl RXD[E932) [FrEuBE( ) bATAL]| ) _CRc JoreAuei{_Fr J(bATA0S)__DAA. || Y bATABE) pe-t fremieie( 00 ) DATAL [ )(bATAIoS| crc paemeie( A ) DATR. \__oATA.J| ) DATAsz) GRc ) s Jememe

XGMIL_RXD[31:20] Ewwma( D DATAJ| X GRC ) Tpa=5 ) SFD ) DATAGTY___DATA | Y(DAVARS | ipe-3 )premwee(1 20" BATA ]/~ XDATAIO( CRC Y ipgs J_SFD )(DATA )} DATA_ ]| ) DATAL) DATABO pu=i JeREAvELE
XGMIL RXDI2316] Iz--nm DATA. | DATAE2 Y _ipu=2 Jpreme{ A ) Y iG> )pREAVBLE( DATA. Y DATA. ]| ) DATAOD \ DATAS8 Y ipg=3 JPREAuSLE
XGMI_RXDUS®] _ JPREAMBLB( SA Y DATA. ]| ) DATAGS ) Tpg=3 )pREAveLE DATA. | ) DATABL {_ipg=1 PREAMBLEX L SF DATA [ T)([DATATOS)_CRC Y ipg=5 )PREAMBLE( B0 DATA. || ) DATABS ) DATAST )_1po=2_)PREAVBLE
XGMIL_RXD[7:0] Ewnex E DATA. || DATAGA ) Tpo=2 )pReAueis FF Y DATA.| ) DATARD)_GRC )preneie( 8E ) DATAL/ ) DATALOA DATATIS) ipo-7 Jeremiere( 00 X DATA. ]| ) rAss ) DATAYG) pa=i JpReAweLE
XGMIL_RXC o) o I 3 i ) I FE o) %] 0 i ] ) o

Broadcast RX Frame Wil Be Dropped

RXAXI ST stays 0 Due 1o Silnly
Dropped RX Ethernet Frame

RATVAD I T 7
RX_AXL_TLAST 1 Vi 1 1
RX_AXI_TKEEP [ I o7 I ) oL J—FF
RX_AXI_ TDATA[G3:56] [ORTRSTY—BATAJ[\ L DATAOT
RX_AXI_TOATA[SS:45] GRe I DATAGE DATA. || DATATIO\ [DATA__DRvA || Y DATA ) DATASD Y DATASE\
RX_AXI_TDATA47:40] &0 DATA cRE i ) DATA. |\ BATAIO0\ 0 DATA ]| X DATA. ) DATABS ) DATAST\
RX_AXI_TOATA39:32] 00 DATA. CRC I 00 DATA. /" BATAIOB( CRC \ [o0 ) DATA. || Y DATA. (DATASS { DATATE\
RX_AXI_ TOATA31:24] % DATR CRe I % DATA. || X DATATO7)_GRe % DA ]| ) DATA ) DAA. | DATASS ) CRC
RX_AX\_TOATA[23:16] £ DATA || DATAGS\ I " DATA. ]| DATAIOB] CRE \ [7YoAA | X oATA Y bATA. Y DATARSEY oRe \
RX_AXI_TDATA[15:8] = DATA. || DATAGS\ I Es DATA. ]| DATAIOS| CRE \ [SAY__oATA | X DATA Y DATA. Y DATASEY CRE \
RX_AX|_TOATA[T0] E DATA. || X DATASA\ L 3 AR -— [RE YDAt X oATA Y DATA. Y DATRZY GRE \
/i i i T i
I i i T i
‘CNT_RX_FRAME_RECEIVED_TOTAL /i T i 7 i X ] 7

Incremental statstc indicates that there is a dropped RX frame due to address fitering or broadcast ftering
Notes: (1) Latency between XGMIl and RX AXI ST is not accurately llustrated here.
(2) Broadcast Address Filtering where RX Frames with Destination Address FFFF_FFFF_FFFF are filtered and do not appear at RX AXI ST Interface

Figure 24: Silent Drop of Broadcast RX Frame during Unicast Address Filtering

EFX_MACI0GBE: MAC Source Address = AE3A_2020_0080, Unicast Filtering
MAC10GBE_CLK

RX_ADDRESS_FILTERING_MASK 1 address filering_mask must be pseudostaiic ]| FFFF_FFFE_FFFE T

XGMI_RXD[6356] S 7710 29 W --- )
XOMI_RXO[S5 48] [PREAVB{ DATAGE X DATAL]] X CRc Jeneavaie( 7A ) DAAIDY___DAA.| ) GRC ) ipa-5 )PueAvels(DATADS (- DATAL [/ DATAIID( po-2 JpreAveis_20 ) DATAL)_DATAL] ) DATASE) CRc ) oS Jpremie
XGMI_RXO[47:40) m-—--ﬂ-'-m—- DRSS e
XGMI_RXD[E9:32 --:--m--—- o5 e
XoMi wxn[a]zﬂl % 79 [ ST ST T EABE
XGMI_RXD[Z316] --—- ) ) e G
oML RXD[I5 3] T B G T Y - o) e
XGMI_RX0I70]

XGMI_RXC @& I ) G W | x =) i % ] i3 x oL

st a5 /Am ooso
e Vil 5 Dy

RXAXI ST Says 0 due to Slently Dropped
RX Ethernet Frame

Rk TVAD I T T
RX_AXI_TLAST i /i i I
RX_AXI_TKEEP CEa— o7 i ] Yo %
ROCAXLTDATASE 6] [ommon_oRa ]\ I
N s e s i
RX_AXI_TDATA47:40] 80 ) DAA] cRC I 50 DATA DATATOS) 80 @
RX_AXI_TDATA39:32] o DATA oRG I 0 DATA. ]| X DATAIG CRC % \__oam] Yomm
RCAX TORTASE:24] £ o e I £
R AX_TOATAZ316] FER G € /i £
RX_AXI_TDATA[15:6] 3 X OATAJ (DATAGS) L 3
RX_AX\_TOATA[7:0] AE_Y__oAA.]| Y OATAGE\ I A
RX_AXI_TUSER
CNT_RX_FRAME_FILTERED_BY_ADDRESS I T T T T
CNT_RX_FRAME_ERRORS I I I 1 I
ONT_RX_FRAME_RECEIVED_TOTAL i T Vi 7 T 7 7

Incremental Statisic ndicates That There 15 a Dropped Rx Frame Due (o Address Fllerng o Broadcast Flerng
Htes: (0 atere botween XOMIand ¢ AX1 ST i ot sty st e
Unicast only RX Frames with D _2020_0080 propagate to RX AXI ST Interface

Figure 25: Multicast Address Filtering

EFX_MACI0GBE: MAC Source Address = AE3A_2020_0080, Multicast Filtering
MAC10GBE_CLK

RX_ADDRESS_FILTERING_MASK Tx_address _filtering_mask must be pseudo-static || OFFO_OOFF_FFFF I I
XaMIL_RXD[6356] S5 (oRASTDATA. |/ ) o1 Jfmemimie( 20 ) bAAI__bATA. [ )(_orc ) pess (S0 YA bA -—-z_- DATASE S
XGMI_RXD[S5 48] OATADS | __DATA. /(R e 7A ) oAAD)__bRA Y orc Y ms vmmm DRTA DR - DTS _GRe ) oS e

XoMI_RXD[47:40) (8 X__DAAJ ) cre ) D S ) T W= (o= reameie(_3A fFrEmmEE
XGMI_RXD[29:32 --mm- B -m‘- AR
XGMI_RXD[3L24) ____fpReabie( 20 ) DATALJ/ ) CRc ) o5 ) SF0 ) DATAGT)__DATA. | )(DAVABS) pu=3 )fmeAveLe (20 )} DATAL [/ )(DATAIOR( CRc ) pass ) SFD J(DATAL ) DATAL] ) DATAOL ) OATAS ) ipat JpreAue:

XoMI_RXD[Z316] FrEuE( 7o __ATAL ]| DATAGS ) oe=% )paeueie( DATAGS | DATA. ]| ) oAvAEz ) ez Jpeeeie A} DATAL|)(GATAToRY G ) pe-5 PreAveie DATAL ) DATAL ] ) DATAS0 AT ) Tpa=s preAiei:
xomi_ 5] [FrEueE( A __DATA.]| X oATAGS ) pe=s Jpueaueie( 80 )\ DATA. || ) oAvAS) pe-i JpRemveie( 8k ) DAL/ )(BATAISS| G ) pe-5 Jpreaeie 80 ) DATA.J J(bATASS ( DATAOT) ipa=2 oAb
XGMI_RXO[T0] _____[PrEABte AE Y DATA. [ Y(DATAGE) ipu=2 emeAveie( o0 ) DATA. ] X DATASD ) CRC Joreubio( S X DATAL [ XDATAIOADATATIS) pa=: )ereaueie( 00\ DATA. | ) DATASS \ DATASE ) oo=i Jpmeamiie
XGMIL_RXC or i) T £ ) ) T FE or w ) )T W f FF ot
Dostnaton ddss - 372 720 00 Destinaton Address = SESF_TAZ0_0080,
R Frame Wil 8 Droppe Sropped

RXAXI ST Stays 0 Due (0 Silently

Dropped RX Ethernet Frame
o Dropped RXEthermet Frame

o L 7 T

RX_AXI_TLAST I I I I
RX_AXI_TKEEP 3 /. I I ] .Y /i
RX_AXI_TDATA356] [ORAST—_BRA [\ I DATAGT \___DATA || YDATAT\ [OATAY___DATA. |/ ) DATA. ¥ DATAST | DATATS\
RX_AXI_TDATASS 48] [ DATAS J—DATA. ][ )CRC L
RX_AXI_TDATA[47:40] 80 DATA, CRC I 80 DATA... DATA109) 80
RX_AXI_TDATA39:32] ) DATA. | _CRG I % AT ]| )(BATAI( CR 1\ [0 Y_DATA. |/ ) DATA. ¥ DATABS ) DATASE\
RX_AXI_TDATA[3L:24] £ DATA. | )(cRe \ I )
RXAXI_TDATAR3:16] £ DATA. ]| X DATAGE\ I A
RX_AXI_TOATA[15:8] D DATA DATAGS i 3 DATAL ][~ (BATATOS)_cRe \ [3RoATA || DATA. ) DATA. | DATASE ) CRe \
RX_AXI_TDATA[7:0) 7 DATA. | ) DATAGE\ I S DATA. ]| DATALOS( DATAIES\ [RE—\—DRA || ) DRt X DRTA ) DATAEZ)_GRE 1\
RX_AXI_TUSER
CNT_RX_FRAME_FILTERED_BY_ADDRESS L I I T T
CNT_RX_FRAME_ERRORS I 1 1 T 1
CNT_RX_FRAME_RECEIVED_TOTAL I 1 1 2 1 E 3

Incremental Statistic Indicates That Tnere Is a Dropped RX Frame Due to Address Filiring or Broadcast Fitering

Notes: (1) Latency between XGMII and RX AXI ST is not accurately illustrated here.
(2) Mulicast Application where RX Frames with Destination Address AE3A_2020_0080 and 3E3F_7A20_0080 propagate to RX AXI ST Interface, by driving rx_address_filtering_mas}

FFO_OOFF_FFFF.
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Priority Flow Control (Duplex Mode)
The Ethernet 10G MAC core supports the flow control at TX and RX duplex mode.

Send Pause Frame at TX

To send PAUSE frame, assert tx_pause_gen to generate PAUSE REQUEST. port
tx pause_gen is pulse-based. Hence, you must assert it for 1 clock cycle only. The
assertion of port tx_pause gen generates the PAUSE REQUEST, and Ethernet 10G MAC
core captures the request by asserting the output port tx pause busy. The PAUSE REQUEST
is only eflective when tx_pause busy = 1.

on page 33 shows how the
PAUSE REQUEST is sent from tx_pause gen to XGMII TX interface, together with the
corresponding statistics reporting.

In terms of priority, the PAUSE_REQUEST has a higher priority over the DATA frame.
However, if the PAUSE REQUEST comes during the DATA frame transfer, then the
PAUSE REQUEST queues up, and is served once the on-going DATA frame transfer finishes.

Port TX_PAUSE BUSY = 1 indicates that there is a PAUSE REQUEST in the queue. When
TX PAUSE BUSY = 1, you must not assert any new PAUSE REQUEST.

Figure 26: Transmitting Pause Frame and Corresponding Statistic Reporting Increments

EFX_MAC10GBE: PROGRAMMABLE_IPG=9, MAC Source Address = AE3A_2020_0080
MAC10GBE_CLK
Assert TX_PAUSE_GEN to initiate a PAUSE_REQUEST

TX_PAUSE_GEN

N\
\
TX_PAUSE_QUANT[15:8] [ QUANTL

TX_PAUSE_QUANT[7:0] ) QUXNTO \
|

De-assertion of TX_PAUSE_BUSY indicates
that PAUSE_REQUEST has been processed

TX_PAUSE_BUSY (OUTPUT) \—>/ \

Assertion of TX_PAUSE_BUSY indicates that PAUSE_REQUEST lIs captured and pending being processed

XGMII_TXC 00 D D D 00 X FF
XGMII_TXD[63:56] _DATA. ) _DATA. ) DATA. X DATA. X ipg=L X ipg=0  X_sSFfD X 3A X o1 ¥ o0 Y o0 ¥ 00 X 00 ) 00 ) crc ) ipg=8 |
XGMII_TXD[55:48] _DATA.. ) DATA. ) DATA. DATA.. CRC ipg=8 REAVMBLE{ _ AE 00 X o0 ¥ o0 ¥ 00 ¥ 00 ) o0 ) crc N ipg=7
XGMII_TXD[47:40] _DATA.. _ \_DATA. ) DATA. DATA.. CRC ipg=7 REAMBLE{ 01 08 X o0 ¥ o0 ¥ 00 ¥ 00 ) o0 ) crc )X ipg=6
XGMI_TXD[39:32] _DATA. ) DATA. ) DATA. X DATA. X CRC X ipg=6 YPREAMBLE(_ 00 Y 88 Y00 ) o0 ) 00 ) 00 ) 00 ) crc ) ipg=s |
XGMI_TXD[31:24] _DATA. ) DATA. ) DATA. X DATA. X CRC X ipg=5 JPREAMBLE(_ 00 Y 80 ¥ 00 ) o0 ¥ 00 ) 00 ) 00 ) 00 ) ipg=4 J
XGMIL_TXD[23:16] _DATA. ) DATA. ) DATA. X DATA. X DATA. X ipg=4 JPREAMBLE(_ c2 ¥ oo ¥ o0 ) o0 ¥ 00 ) 00 ) 00 ) 00 ) ipg=3 J
XGMII_TXD[15:8] _DATA. )} DATA. ) DATA. ) DATA. ) DATA. ) ipg=3 JPREAMBLE(_ 80 ) 20 YQUANTO J_ 00 )_ 00 ) 00 ) 00 ) 00 X ipg=2 )

XGMI_TXD[7:0] _DATA.. ) DATA. | DATA. X DATA. ¥ DATA. X ipg=2 JPREAMBLE( o1 X 20 Y Quanti U 00 ) 00 )Y 00 ) 00 ) 00 ) ipg=1
On-going TX Data Frame Transfer R XGMII TX sends out Pause Frame once the on-going Data Frame Transfer finishes K
CNT_TX_FRAME_PAUSE_MAC_CTRL PAUSE_REQUEST comes in the midst of TX Data Frame Transfer, hence PAUSE_REQUEST Is queued up. [ 1
Note: Latency between TX_PAUSE signals and XGMII_TX signals are not accurately illustrated here. Statistic Increments at EOF
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Figure 27: Priority at XGMII TX between TX_PAUSE_GEN and TX_AXI_ST

EFX_MAC10GBE:PROGRAMMABLE_IPG=9, MAC Source Address = AE3A_2020_0080
MACL0GBE_CLK

TX_AXLTREADY 7 1
TX_AXL_TVALID N T i —
TX_AXI_TLAST I I
TX_AXL_TKEEP v e /A " = 1 Y e X (3
TX_AXI_TOATA63:56] DATAO7 | _DATA. Y DATA. ) DATAJ 1\ DATAGT i X—__DATALy/ Y BATA.\ DATATIL
TX_AX\_TOATASS 48] / DATADS Y DATA. ) DATA. ) DATA]| Y oATABSX DATAGS 1 ST/ W DATAIIO
TX_AXI_TDATA[47:40] DATAGS |_DATA. ) DATA. X DATA.]| X DATABSY DATAGS i X DaTALg] Y DATA\ DATAL09!
TX_AXI_TDATA[39:32] /DATAGA Y DATA. Y DATA. N bATAJ| X DATABAX DATAGH T —_oATArgl X oAA\ DATAGH
TX_AX_TOATAS 124 IS e e e e T DA 1 S ) oA
TX_AXL_TOATAZ3:16] DATAG: )\ DATA. ) DATA. ) DATA.]| Y(oATABZX DATAGZ I )\ oAt/ ) DATA. YATALOSY DATASS
TX_AXI_TDATA[15:8] X DATAOL I JC__oavaog/— Y paTA. XDATALOS DATAST
TX_AXI_TOATALT:0] DATAGD ) DATA. )} DATA. \___DATA.J| ) DATAROY DATACD T \—__ataoy/ X oATA. Y DATATO DATASS
TX_PAUSE_QUANT[15:8] QUANTL! 1L 1L QUANTS
TX_PAUSE_QUANT(7:0] QUANTO) Vi I QUANTZ
TX_PAUSE_GEN I L
TXPAUSEBUSY | < r When TX_PAUSE_BUSY = 1, PAUSE_REQUEST is effecive r SN
Note (1) » Note (2).

XeMiLTXC X ) I ) I ST [ ) R R T [ /D G S G [
XGMIL_TXO[6356] 505 BATA X DATAL /) cRc ) o5 Jeremwmie) 00\ 80 ) PADo PADO /) pa= ) ipa>s Y SFb ) DATAGTX DATAIS)BATA.]| ) o=t Y b0 X S0 Y A ¥ o1 X mapo
XGMILTXO[SS:46] PreaeLE AR DA DATABS) o4 Jpremmie) 2\ 00 ) PAD0 X PAb0 | X pa3 ) ipes )pmeaweic) DATAGG ) DATATEX _ DATA.J| ) CRc ) ips8 Jpmemmie) AE X 00 ) PADD
XGMILTXOW7:40] PreoLE DATA- X DATA.j/ X DATABS) po=3 Jereaveic) 80 Y 20 Y(QuaNto\__ PAD0 | X =2 )\ ipeo oreaeic) DATAGS) DATAISX_ DALY CRc ) ipo7 Jpremmie)_ o1 X 08 ) Ao
XGMILTX0[39:32] PreeLE DATA- )\ DAt/ X DAMBA) o2 Jereawmie) o1\ 20 Y(Quans P00 | ezt )\ ipa-s Joneaeie) DATAG )} DATAIZ)Y DATA Y CRe ) pee Jonmwmie 00 ) 58 ) Pamo
XGMI_TXD12] e o ST 1) WS T G BTN G Pab0 | ) re ) g Vemmmeie) pATAG ) DA omma ]|} crc ) pes Jemmweiel oo Y0 ) PADo
XGMIL_TXD[23:16] freavoLe X DATACZ Y DATA. N DATA- X DATA.J/ ) DATABZY_CRC ) ipa=8 )preaueiel AE [ PADO J] CRC ) _ipa=7 )preauece) DATACZ ) DATALOX __ DATA.]| X DATA106| ipa=4 Jereawsie)_Cz {00 ) PADO

CRC ) ipg=6 )preamsLe { DATAOL ) DATA0S DATA. ]| )(DATA105) ipg=3 )preawsie)_ 80 ) 20 ) QUANTZ
CRC_)_ipa=5_)preaveLe ) DATA00 )\ DATACE DATA. | J(DATA104) ipg=> Ypreamsie)_ 01 ) 20 ) QUANT3

X X

X X X
XGMII_TXD[15:8] preAwsLe )\ DATAOL X DATA. Y DATAL ) DATA. ]/ DATABLY CRC ) ipa=7 Jereavere o1 )08 X PADO ][
XGMILTXD[7:0] fereanreL Y IDATAOD Y COATAL Y DATAL Y DATAL ]/ )(DATABOY CRC ) ipa=6 ) X X—Pabo |f

JereameteX 00

Notes: (1) PAUSE_REQUEST is not yet effective, XGMIl TX transmits based on TX_AXI_TVALID = 1.
(2) PAUSE REQUEST has higher priority over TX_AXI_TVALID. Hence, XGMII TX sends out PAUSE frame.

Decoding Pause Frame at RX

At RX, the Ethernet 10G MAC core decodes and identifies the pause frame from the RX
Ethernet frames which are coming from the Ethernet 10G PCS. The RX Pause frame is
decoded based on the reserved address 01-80-C2-00-00-01. Once the RX pause frame is
identified, it is decoded to extract the embedded RX QUANT. Once decoded, the RX QUANT
value is directed to the TX channels, where the pause mechanism takes place with the
RX_QUANT value.

A quanta is the time that is required to transmit 512 bits at the speed of the port. For
Ethernet 10G MAC core, RX_QUANT = 1 signifies that the XGMII TX pauses for 64 octets.
When the pause mechanism takes place, the XGMII TX outputs IDLE for the duration of
RX_QUANT. The duration of RX QUANT starts the pause count at OctetO.

You may assert port rx_ignore to disregard the decoded RX QUANT and the pause
mechanism does not take place. Port rx ignore must be assigned with pseudo-static input.

Note: The RX Pause frame is not subjected to address filtering. The RX Pause frame is decoded purely
based on the pause frame unique address, frame type ID, pause opcode, and CRC octets.

RX Pause frame is only valid if it passes a CRC check. If the RX Pause frame contains a CRC
Error, then the RX Pause frame is erroneous. The extracted RX_QUANT is invalid and is not
propagated to the TX channel. At the same time, like the normal RX frames, the RX Pause
frame is converted from the XGMII interface and outputs at the RX AXI ST interface. Refer
to on page 45 for more details.

@ Note: RX Pause frame, whether undersized or oversized, is processed as valid RX Pause frame.

Upon arriving at TX channel, the decoded RX QUANT has higher priority over

PAUSE REQUEST (triggered by tx_pause gen)and TX AXI ST data frame transfer.
However, if the decoded RX_QUANT arrives during the transfer of the TX pause frame or
TX data frame, the pause mechanism queues up and only takes place once the on-going TX
activity completes.
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on page 35 describes the priority
flow control among the 3 events. In this illustration, both the IPG and IDLE are inter-
changeable, and carry the value 07. An IDLE is used to illustrate the XGMII TX output
when RX_QUANT is effective, while the IPG is used to illustrate the mandatory insertion of
gaps based on the user-configured Programmable Inter Packet Gap between the TX Ethernet
frames.

Note: The Ethernet 10G MAC core is only able to process one RX QUANT at a time. When RX QUANT
is active and effective at TX channel, if there is a new incoming RX Pause frame, the new RX_QUANT is
ignored and blocked from disrupting the on-going (or queued) Pause mechanism.

Figure 28: Priority Flow Control at XGMII TX

EFX_MAC10GBE: Cut Through Mode, PROGRAMMABLE IPG=13

MAC10GBE_CLK
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TXAXI_TDATA[23:16] [oTAGE DA 1 OATR | A&/ Y DATA. X DATASO
TX_AXI_TDATA15:8] DATAGLY DATA- ), i ATA ——omA ) oA Y DATAR
TX_AXI_TDATA[7:0] DATAGO ) DATA- ) 1 DATA X DATA X DATA
oaxRERY ) i
TX_AXL_TREADY dedsserts 10 0 due (o concurrent events of incoming TX_AXI and TX_PAUSE
TX_PAUSE_GEN
TX_PAUSE_QUANT[15:8] QUANTL I
TX_PAUSE_QUANT[7:0] QUANTO i
TX_PAUSE_BUSY (OUTPUT) i |
RX_PAUSE_ENABLE 8
RX_PAUSE_QUANT _[Decoded from RX Frame] JRXQUANR, I
Wien XGMIITX fees up, it executes he highest priory in the qucue Wién XGIITX frees up, it executes the highestprioty n the queue. Wihen XGMINTX freesup, it executes the highest proty i he quee
First Prory is RX_ QUANT, L., XGMIl TX . N
On-going TX Data Frame Transfer o pauses for the duration of RX_QUANT 3| Second Priority: XGMIl TX sends out pause frame once the on-going activity finishes - TXAX] ST Is the third priority
XGMI_TXC 00 Fe ) FF X FF o) 00 X [ ot X 0 T
XGMII_TXDI[63:56] “DATA. ) _DATA. )\ _DATA_ ) CRC. ) ipa=6 ) ipe>13 \_1de X idle ]/ Y_idle Y_idle )_idle )_idle ) SFD ) Sicla@@{l0IIT)_00 ) 00 ) 00 ) 00 ) 00 ) CRC X ipg=e ) ipg>13 \_SFD ) DATA0T) DATA DATA, X oA
XGMIL_TXDI55:45) _DATAL ) _DATAL Y DATAL ) CRC. ) pa=s X ol X _i@e X | ) e ) e ) e ¥ ide )ereavei(semm)( 00} 00 ) 00 ) 00 ) 00 X 00 ) CRc ) ipo7 \ pe>13 JpreAweis DATAGGY DATAL X DATA ) DATA
XGMII_TXD[47:40] _DATA. ) _DATA. ) DATA. ) _DATA- ) ipg=4 ) ipg=12 ) idle Y e [/ Y e ) idle ) idle ) idle )pReAmBLS{0Z )08 )00 J__00 ) 00 ) 00 ) 00 ) CRC X Ipa=6 ) ipg>13 JPREAWELE( DATADS) DATA. ). DATA. )
XGMII_TXD[39:32] _DATA. ) _DATA. \_DATA. ) DATA ) ipa=3 ) ipe=1L )} ide X ide /X igle ) idle ) ol ) ide )preAwe(_ 00 X85} 00 ) 00 ) 00 Y 00 ) 00 ) CRC ) ipa=5 ) ipg=13 )preAwbLe( DATAOSY DATA. Y DATA ¥ DATA
XGMII_TXD[31:24] TDATA. ) DATA. )\ _DATA_ ) DATA. ) ipa=2 ) ipe=10 )} 1de X e J/ X ke Y e ) i@ ) idle )PREAWBLB(IIO0N)(Sieaaa) 00 ) 00 X 00 ¥ 00 X 00 X 00 ) ipg=4 ) ipg=12 \PREAWBLE( DATAOS) DATA. ) DATA.] ¥ DATA
XGMII_TXD[23:16] _DATA. Y DATA. Y DATA. )} DATA. ) ipg=1. X o= )} idle Y e ]| ) e ) e ) ide ) idle )eReAweLR( C2 Y siaa 00 Y 00 ) 00 X 00 ) 00 ) 00 ) ipg=3 X io-11 JpReAwBLE( DATAOZK DATA. )} DATA,| ) DATA_
XGMITXD[15:6] _DATA. ) DATAL X DATA. X DATA. X CRC. )\ po8 )} e )W | ) @e ) i@ ) i@ ) id )preAveln( 0. Y seadaQUANTOX 00 X 00 X 0 ) 00 ) 00 ) io-2 ) ipa-10 JPreAweLe( DATAGLY DATA. X DATA] ) DATA.
XGMII_TXD{[7:0] _DATA- _DATA. )} DATA | DATA-J_CRC. )} ipg=7 )} ide ) Wl [/ X idle ) idle ) idle ) _idle )pReAwBLS{I 01 )}(Siead@)QUANTIL)_ 00 ) 00 ) 00 ) 00 ) 00 X Ips=L ) ipg=9 )PREAWsLE( DATADD) DATAL ). DATA. )

Notes: (1) src_addr is the value set by MAC source address.
(2) Latencies between TX_PAUSE signals, TX_AXI signals, and XGMII signals are not accurately illustrated here.
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Link Fault Sequence

The link fault sequence indicates the condition of the link between 2 Ethernet devices. The
Ethernet 10G MAC core comes with Detect Link Fault capability. By setting Detect Link
Fault option to Enable, the Ethernet 10G MAC core detects, decodes and communicates the
relevant sequences. When the Detect Link Fault option is set to Disable, there will be no
link fault handling in Ethernet 10G MAC core. The following describes the mechanism of
the link fault handling when Detect Link Fault option is set to Enable.

There are 3 types of fault sequences: Local Fault, Remote Fault, and Link Interrupt. A
sequence is based on a block of 32-bits. At RX channel, every block of 32-bits data, together
with its corresponding control bits, i.e., (XGMII RXD[31:0] and XGMII RXC[3:0]) or
(XGMII RXD[63:32] and XGMII RXC[7:4]), are decoded to determine the type of the link
fault sequences.

When = 4 consecutive sequences of the same fault type occur at the RX channel, the
Ethernet 10G MAC core has detected a faulty link condition. The condition for the fault
sequences is as follows:

*  Local Fault—When XGMII RX detects = 4 consecutive Local Fault sequence, it updates
the link condition and communicates with XGMII TX to transmit a remote fault
sequence.

*  Remote Fault—When XGMII RX detects = 4 consecutive Remote Fault sequence, it
updates the link condition and communicates with XGMII TX to transmit Idle.

*  Link Interrupt—When XGMII RX detects = 4 consecutive Link Interrupt sequence, it
updates the link condition and communicates to the XGMII TX to transmit Idle.

To exit from a faulty link condition, the Ethernet 10G MAC core RX needs =128

consecutive non-fault sequences.

If = 4 consecutive sequences of the same fault type does not occur at the RX channel, the

link condition remains the same. The following are the scenario examples:

 If the current link condition is No Link Fault, a single or 2 local fault sequences
do not constitute a new faulty link condition. Hence, the Ethernet 10G MAC core
retains the current No Link Fault status. XGMII TX continues to serve RX QUANT,
tx_pause_gen, or TX AXI signals based on the original priority.

* If current link condition is Remote Fault, an alternating sequence of no-fault and local
fault does not warrant a new faulty link condition. Hence, the link condition maintains
the existing Remote Fault status. XGMII TX continues to output IDLE.

 If the current link condition is Local Fault, a data frame with a frame length of 146
(the data frame is preceded with PREAMBLE and SFD, payload size = 128 octets), not
including RX IPG, contributes a total of 39 no-fault sequences. Hence, the link condition
persists with Local Fault. XGMII TX continues to transmit Remote Fault sequences.
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Refer to on page 37,
which describes the decoding mechanism of the link condition by XGMII RX and the
XGMII TX transmission based on the link condition.

Table 4: Link Fault Condition: Detection and Transmission

Fault Detection at XGMII RX Link Condition XGMII TX Transmission
> 4 consecutive local fault Local Fault Remote fault sequence
> 4 consecutive remote fault Remote Fault Idle
= 4 consecutive link interrupt Link Interrupt Idle

> 128 consecutive non-fault

sequences

No Link Fault One of the following, in descending priority:

. Idle duetoRX_QUANT

Pause frame from tx_pause gen
Data from TX AXI

Idle due to no activity at TX channel.

< 4 consecutive sequences of the
same fault type

No update on link Depends on the current link condition.
condition, i.e., retain
the current link

condition

At XGMII TX, a faulty link condition has the highest priority. However, if a faulty link
condition occurs in middle of the TX transfer, whether it is TX data frame or TX Pause
frame, XGMII TX continues with the on-going TX transfer until EOF. Upon EOF, if the
link fault condition still prevails, XGMII TX outputs the relevant fault sequences. When
XGMII TX is addressing a faulty link condition, the following may occur:

° TX AXI TREADY deasserts to hold any incoming TX AXT signals.

° tx pause busy asserts in response to any assertion from tx_pause_gen input port.

Refer to on page 37, which
illustrates how the link condition is updated and how XGMII TX prioritizes a faulty link
condition above tx pause gen and TX AXI signals.

Figure 29: Link Condition - Detection and Transmission

MAC10GBE_CLK

TX_PAUSE_GEN
TX_PAUSE_BUSY (OUTPUT)

TX_AXI_TREADY
TX_AXI_TVALID
TX_AXI_TLAST
TX_AXI_TKEEP
TX_AXI_TDATA[63:0]

XGMII_TXC
XGMII_TXD[63:32]
XGMII_TXD[31:0]

LINK_CONDITION

XGMII_RXD[63:32]
XGMII_RXD[31:0]
XGMI_RXC

EFX_MAC10GBE: LINK_FAULT_DETECT=ENABLE, PROGRAMMABLE IPG=12

rsrr s e r e

]

I
FF. FF FF. FF | FF i
TX DATA.. TX DATA.YTX DATA. XTX DATA. | TX DATA.. J
|| b axi_tready deassertion continues to hold incoming TX_AXI signals while Upon exiting from a !aul!y Link Condition, queued tx_pause_gen has more
On-going TX Data Frame Transfer XGMII TX outputs based on a faulty Link Condition (which has the highest priority)  priority than TX_AXI signals, hence XGMII TX outputs TX Pause Frame.
00 00 00 00 00 00 FO i} FF FF FF FF FF [ 00 Jf 00 FF
TX DATA.. \TX DATA..\TX DATA. \TX DATA.\TX DATA.XTX DATA.Y__ipg RF idle dle idle idie idle ]/ TX_PAUKE_FRAME ipg
TX DATA.. \TX DATA.XTX DATA.XTX DATA.XTX DATA.XTX DATA.X__CRC_)——ifg RF X idle X e )__idie idle ] =X TX_PAUSE FRAME __J__ipg
Waits for the on-going .~ | | AtEOF, the prevailing Link Condition is "LF", [
XGMII TX activity to ffish. hence XGMII TX transmits the relevant RF fault sequence. |
No Fault _W——RF P = » Ll W RF RF RF RE || _W— No Fault
| Fauly Link | Faulty Link | Fauly Link | Fautty Link | Exit from a faulty
| condition | Condition | Condition | Condition | Link Condition
RF RF idle LF LI RF 1] RF RF idle idle idle idle JPREAMBLENRX DATA. JRX DATA.JRX DATA.YRX DATA.JRX DATA..
idle. RF — RF LF LF idle. RF [ ] idle. RF — RF idle idle’ idle. JPREAMBLENRX DATA.JRX DATA.)| DATA.. \RX DATA.JRX DATA..
1F 1 F1 1 11 1F 11 1 1 1F 1 F1 FE FF FE 01 00 00 )00 00 00

65 clock cycles, >128 consecutive
non-fault sequences

Note: (1) LFELOCAL FAULT, RF=REMOTE FAULT, LI=LINK INTERRUPT
(2) Latencies among the 5 interfaces - TX_PAUSE_GEN, TX_AXI signals, XGMII_TX signals, LINK_FAULT_CONDITION and XGMII_RX signals are not accurately illustrated here.
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If a faulty link condition occurs in the during Pause mode with RX QUANT, it will wait for
the current single Quant to complete. Upon the completion of the current single Quant, if
the faulty link condition still prevails, it terminates the Pause state and resets the remaining
RX_QUANT to 0. Upon terminating the Pause mode, XGMII TX transmits the relevant fault
sequences, depending on the prevailing faulty link condition. Refer to

on page 38.

@ Note: One RX_QUANT means pause for 64 octets, i.e., a single Quant spans 8 clock
cycles.

Figure 30: Faulty Link Condition during Pause Mode with RX QUANT

EFX_MAC10GBE: LINK_FAULT_DETECT=ENABLE, PROGRAMMABLE IPG=12

MAC10GBE_CLK

TX_AXI_TVALID
TX_AXI_TLAST
TX_AXI_TKEEP FF_\__FF _J__FF Y FF FF. y/i
TX_AXI_TDATA[63:0] DATAO1 _DATA02 ) DATAO3 ) DATA04 DATA05 J/i DATA06 J_DATAO7 Y
TX_AXI_TREADY TX_AXI_TREADY deasserts to give precedence to pause with RX_QUANT TX_AXI_TREADY=1 indicates its readiness
Oldet TX Data Thansfer to accept incoming TX_AXI_TDATA
e e
XGMII_TXC 00 00 Yoo Y oo [ FF 1 o1 00 00 ) o0
XGMII_TXD[63:32] [ DATA. X DATA.. )_DATA. }_ CRC ) IDLE (RX_PAUSE) RE JPREAMBLI
XGMII_TXD[31:0] _DATA. DATA.. J_DATA.. \_DATA.. % IDLE (RX_PAUSE) B RF )prEAmBLE( DATAOL )} DATAO2 ) DATAO3 )
pause Mode with RX_QUANT Faulty Link Condition waits for on-going single QUANT to complete,
LINK_CONDITION | has igher priorty than TX_AX|_TDATA then takes precedence over RX_PAUSE and resets RX_QUANT to 0
No Fault P ad LF I N No Fault
| Faulty Link/ /Fauly Link Condition exits after >128
/ Condition \ 128 consecutive non-fault sequences | consecutive non-fault sequences
XGMII_RXD[63:32] _idle RX_PAUSE FFAME J—CRC _J_ RF F_ ) tF \_RFE ) ide START DATA [ ) ide ) idle idle ) START DATAOQ1 ] ) DATAB1 Y DATA83 ) DATA85 )} CRC idle
XGMII_RXD[31:0] _idle RX_QUANTAJE 16h83BC___J RF ide J LF }—LF X L‘L DATA J| ) CRC ) idle idle ) START DATA00 |/ | DATABO ) DATAB2 ) DATABA Y DATAB6 Y ide
XGMI_RXC __FF. 0 J Yoo Ym X i Y m Y m )} P [ 0 J Y Fo ) FF FF_ Y00 X 00 )/ S S ) 00 FF
20 clock cycles 40 clock cycles During non-fault Link Condition,
5 During faulty Link Condition, RX_AXI_TDATA outputs content from XGMIl_RXD (Including RF, LF, LI, PREAMBLE, IDLE) 3| RX_AXI_TDATA outputs DATA+CRC only
RX_AXI_TDATA[63:32] [RX_PAUSE Fiff CRC RE idle ) START ) DATA || ide ) idle ) idle ) START ) DATAOL) DATA. | ) DATAB1 \ DATAB3 \_DATAB5
RX_AXI_TDATA[31:0] RX. PAUE%LFRAME LF U )\ stART [ DATA |/ CRC_)_ide ) ide ) START }((DATA00 X DATA.. ]| X _DATAB0 \_DATAB2 ) DATAB4 )} DATA86
RX_AXI_TKEEP FF [ OF FF_Jf FE__X FF_J[ N FF FF__{_OF
RX_AXI_TVALID /
RX_AXI_TLAST I
RX_AXI_TUSER I

B Loancis mong e & meraces. T PAUSE GEN TX_AX! Sgnah, XGMILTX sgrls, LNK_FAULT_CONDITION nd XGHI_RX s ar ot accuraely st e
on page
38 illustrates the behavior of the signals at RX AXI ST interface during faulty and
non-faulty link condition. During faulty link condition, RX_ AXI TDATA outputs the
content from XGMII RXD, which is inclusive of Local Fault sequence, Remote Fault
sequence, Link Interrupt sequence, Idle octet, PREAMBLE, Data and CRC. Upon exiting
a faulty link condition and adopting non-fault link condition, AXI RX ST outputs only
data and CRC. During a faulty link condition, XGMII RXD = IDLE appearsas 07 at
RX AXI TDATA. When there is no faulty link condition, XGMII RXD = IDLE translates to
00 at RX_AXT TDATA.

An occurence of any fault sequence may not necessarily warrant a faulty link condition.

If there is any single occurrence of fault sequence at XGMII RXD during the ongoing

streaming RX data, i.e., between PREAMBLE and EOF (EOF is denoted by TERMINATE

octet), it signifies an unexpected end of frame. In this scenario, RX AXI TUSER asserts

due to CRC mismatch. Other statistics such as cnt rx frame undersized,

cnt _rx frame oversized,and cnt rx frame mismatched length

may increment too, depending on the actual value of the frame length when the link

fault condition occurs. The behavior of RX AXI TKEEP, RX AXI TLAST, and

RX AXI TVALID signals remain the same even if there is a faulty link condition. Refer to
on page 39.
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Figure 31: RX AXI Interface during Faulty Link Condition

EFX_MAC10GBE: LINK_FAULT_DETECT=ENABLE, PROGRAMMABLE IPG=12

MAC10GBE_CLK

LINK_CONDITION No Fault

p= | s

ingle occurence of fault sequence that
does not warrant a fauly Link Condition

Fauty Link |
Condition |

XGMII_RXD[63:32] patA | T )Y oATA J_DATA J_CRC ) idle DAT
XGMIL_RXD[31:0] DATA | YSbaTA Y DATA XL )(DATA X dle X START)__ DATAJ X DAAJCRF X RF X crc ) ide ) START X___ DATADQ/  XDa0+cRG(IIRF ) LF X—LF ) SIART DATA
XGMII_RXC o1 X 00 ¥Ta0N X o0 )Y o1 X o0 Y F_ X o1 ) 00 oo "X 1 ) m X ro X FE N o0 X o0 J Y co X Tm Y m ¥ F J_or X oo X oo X o0

| Any occurence of Fault Sequence during RX Data Streaming signifies
an unexpected EOF. DATAICRC octets post EOF are terminated.

RX_AXI_TDATA[63:32) DATA BATAY/ Y CRE Y RF Y RF Y 1@ ) ide ) START \___DATAGY

Y CRETIITF ) IF X g X START X DAA-
RX_AXI_TDATA[31:0] [T oATA [~ oRe \ DATA | ) DATA)_RF X_RE ) CRC )i ) START ) DATAGG) )DaorcRd_RE Y _LF ) LF ) START Y DATA
RX_AXI_TKEEP T A T L) o8 i3
RX_AXLTVALID T X 7
RAXLTLAST ¥\ I\
RX_AXLTUSER S\ I\ [ Note(®)
CNT_RX_FRAME_ERROR_FCS ‘CRC error due to unexpected EOF 01 ¥ 02 —~
Non-Fault Link Condition: RX_AXI_TDATA outputs DATA and CRC only. DATA are fitered and do not appear at RX_AX|_TDATA. Faulty Link Condition: RX_AXI_TDATA outputs the content from XGMII_RXD

Note: (1) LF=LOCAL FAULT, RF=REMOTE FAULT, LI=LINK INTERRUPT, START=PREAMBLE+SFD
(2) Latencies among the 3 interfaces - LINK_CONDITION, XGMIL_TX signals and RX_AXI signals are not accurately illustrated here.
(3) Legit EOF because fault sequence RF is after CRC. Hence, no CRC error. TUSER is not asserted because there isno CRC error.

A single occurrence of Link Fault sequence occupies 4 octets. In the event where the
singular Link Fault sequence occurs at the end of frame (EOF) and followed immediately
by PREAMBLE, as illustrated in

on page 39, it is equivalent to RX_IPG < 5.

Figure 32: Single Occurrence of Link Fault Causing Incorrect Decoding of XGMII RX Frames
mactoceeck [ L L 1L L L 1L L L L L L L T LT

Single occurence of Local Fault (equivalent to RX IPG <5) causes undetected EOF and no assertion of RX_AXI_TLAST.
The following PREAMBLE is decoded as DATA, instead of start of frame _

XGMII_RXC 00 X 10 Y o1 X o /f X 1F X ] 00 I X _F8 Y o1 Y 00
XGMII_RXD[63:56] __DATA.. ) DATA.. ) N IF_ Y \S X_DATA. X DATA..[|  \_ CRC )PREAVBLE)_ DATAO3)( DATALLY DATA..// X_CRC X ipg=5 )PREAMBLE\ DATA..
XGMII_RXD[55:48] _DATA.. | DATA. J 'LF )PREAVBLE( DATA. DATA.J/  \_ CRC )PREAMBLE) DATAG2)( DATA1O0) DATA. [ Y“DATA90) ipg=4 JPREAMBLE(_DATA..
XGMII_RXD[47:40] _DATA.. | DATA. | LF REAMBLE( DATA.. DATA.]/  {_ CRC )PREAMBLE) DATAOL)( DATA09) DATA..J/ Y“DATAB9) ipg=3 JPREAMBLE\_DATA..
XGMII_RXD[39:32] __DATA.. )_DATA. ) LI"-" REAWBLE( DATA. Y DATA./[ Y _CRC )PREAMBLEXWAOO\X DATA08 ) DATA./[ X DATA88) ipg=2 )PREAMBLEY DATA..
XGMII_RXD[31:24] __DATA.. )_DATA.. _ CRG REAA}uaLE)( DATA.. ) DATA /[ Y DATA. U RF__)_ SFD X DATAO7 DATA.J[ ¥ DATA87)_ipg=1 )PREAMBLE\_DATA..
XGMII_RXD[23:16] _DATA.. ) DATA..  CRG )PREAMBLE( DATA.. | DATA /[ Y DATA. J RF REAVBLE|_ DATAO06 ) DATA.// ¥ DATA86) CRC )PREAMBLE( DATA..
XGMII_RXD[15:8] __DATA.. ) DATA. J_ CRC )PREAVBLE( DATA. ) DATA /| Y\ DATA. J_ RF REAMBLEX\DATAOS)( DATA..J/ X DATAB5)_ CRC )PREAMBLEY_DATA..
XGMII_RXD[7:0] _DATA.. ) DATA. X CRd REAM‘ELEX DATA.. ) DATA /| Y\ DATA. )} RF REAMBLEY_|DATA04 ) DATA..// X DATA84) CRC )PREAMBLE\ DATA..
| ‘ Though single remote: fadll is equivalent to RX_IPG < 5, the following frame is decoded as good frame
\‘ ‘ due to internal reahgnmeﬁt of PREAMBLE from Octet4 to Octet0.
RX_AXI_TVALID ‘ \ 1 Vi Vi
RX_AXI_TLAST ) \ Ji I
RX_AXI_TKEEP FF Y E=—)_FE X FF ) oF 1\ | [ { FF )/ AN FF
RX_AXI_TDATA[63:56] DATA.. X _DATA. X LF \X\ S\Fﬁ X_DATA. ) DATA.J/  Y_CRC \ / DATAOT ) DATA.J/ Y DATA87\ DATA..
RX_AXI_TDATA[55:48] DATA.. Y_DATA. )\ LF REAVBLE( DATA. X DATA..J  Y_CRC / DATAO6 ) DATA.J/ Y DATA86)_ CRC DATA..
RX_AXI_TDATA[47:40] DATA.. DATA.. | LF REAMI E)( DATA.. | DATA.]  {_CRC | DATAOS ) DATA..J/ Y DATA85) CRC DATA..
RX_AXI_TDATA[39:32] DATA.. DATA. ) LF REAMBLE)( DATA. X DATA.J  {_CRC \ / DATAO4)( DATA..]/ Y DATA84)_ CRC DATA..
RX_AXI_TDATA[31:24] DATA.. X_DATA. Y CRC )PREAMBLEY bAT\A.. X DATA || Y DATA. ‘ RF__{( DATA03{_ DATALLY DATA.J/ ) CRC DATA..
RX_AXI_TDATA[23:16] DATA.. DATA.. J_CRC _)PREAMBLEY D)\r(Af.\)( DATA |/ Y DATA. RF__)( DATA02 {_ DATA10) DATA..J/ Y DATA90\ DATA..
RX_AXI_TDATA[15:8] DATA.. DATA.. {_ CRC _)PREAMBLE| DATA. )( DATA /[ Y DATA. RF__( DATAO1)( DATA09 Y DATA.J[ ) DATA89\ DATA..
RX_AXI_TDATA[7:0] DATA.. X_DATA.. Y CRC )PREAMBLE{ DATA. >~ DATA /| Y DATA. “RF__)( DATA0O ) DATAOBY DATA.]/ Y DATA88\ DATA..
RX_AXI_TUSER — S

RX_AXI_TUSER is asserted due to non-continuous RX DATA

Note: Latency between XGMII_RX signals and RX_AXI signals are not accurately illustrated here.
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Statistic Reporting

The Ethernet 10G MAC core supports statistic reporting for TX and RX. Each statistic is a
32-bit bus width, except for rpt _rx frame, which is 14-bit width.

Any statistic registers, upon reaching the ceiling, stays at 32’hFFFF_FFFF. When this occurs,
you need to reset all statistic registers by asserting cnt _rst n. Upon reset, all statistic
registers become 0.

@ Note: In the statistic related figures, the statistic reporting is in hexadecimal, not decimal.

The following registers are the statistic reporting for TX:
® cnt tx frame transmitted good

® cnt tx frame pause mac ctrl

® cnt tx frame is fe

® cnt_tx frame error txfifo overflow

The following registers are the statistic reporting for RX:
® rpt rx frame length

® cnt rx frame undersized

® cnt rx frame oversized

® cnt rx frame mismatched length

® cnt rx frame error fcs

°® cnt rx frame filtered by address
® cnt rx frame errors

® cnt rx frame pause mac ctrl

® cnt rx frame received good

® cnt rx frame received total
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cnt_tx_frame_transmitted_good

The statistic cnt_tx frame transmitted good reports the number of TX frames
successfully transferred at XGMII interface, i.e., streaming TX DATA frame with

TX AXI TUSER = 0. This statistic count includes short frames with auto padding and TX
pause frames too. This statistic is incremental at a clock cycle after the end of frame.

Figure 33: TX Statistic - cnt_tx frame transmitted good

MAC10GBE_CLK

TX_AXI_TREADY
TX_AXI_TVALID
TX_AXI_TLAST
TX_AXI_TKEEP
TX_AXI_TDATA[63:32]
TX_AXI_TDATA[31:0]
TX_AXI_TUSER

XGMIL_TXC

XGMII_TXD[63:32]
XGMII_TXD[31:0]

CNT_TX_FRAME_TRANSMITTED_GOOD

Streaming TX Data Streaming TX Data
FF OF FF I FF
DATAO4 ) DATA12 DATAO4 ) DATALZ DATA.. )| DATA84 ) DATA92
DATAQ0 ) DATA08 {_DATAL6 DATADO ) DATAO8 DATA.. ]| DATABG{ DATA88 \
01 00 J 00 FF 0L 00 FO FF
START )_DATA04 Y _DATA12{__ 00 00 Jf CRC idle idle \_START )_DATAO4 {_DATA12 DATA.. ]| DATAB4 \_DATA92 }__idle idle idle
START )_DATAOQO {_DATAO08 \_DATA16 00 // 00 idle idle START )_DATA00 }_DATA08 DATA.. // DATAB0 )_DATA88 CRC idle idle
Statistic increments Statistic increments
at EOF at EOF
01 02

Notes: Latency between TX AXI ST and XGMI! is not accurately illustrated here.

Cnt_tx_frame_pa use_mac._ctrl

The statistic cnt_tx frame pause mac_ctrl reports the number of TX Pause
frames successtully transferred from tx pause gen to XGMII Interface. TX pause
frame is described in on page 33. This statistic is incremental at
a clock cycle after the end of frame. Refer to

on page 33.

cnt_tx_frame_is_fe

The statistic cnt_tx frame is fe reports the number of bad TX frames being
terminated. This statistic does not include the following:

* The silently dropped TX frames due to non-compliant TX AXI TLAST.

* The scrapped TX frames due to TXFIFO Overflow during Store Forward mode.

Bad TX frames criteria are described in on page 25,
on page 26, and

on page 27. This statistic is incremental at termination as shown in
on page 41.

Figure 34: TX Statistic - cnt_tx frame is fe

MAC10GBE_CLK

XGMII_TXC

XGMII_TXD[63:56]

XGMII_TXD[55:48]

XGMII_TXD[47:40]

XGMII_TXD[39:32]

XGMII_TXD[31:24]

XGMII_TXD[23:16]

XGMIl_TXD[15:8]

XGMII_TXD([7:0]

CNT_TX_FRAME_IS_FE

[ o CFF_ ) FF 01 X 0o |/  FF_ X FF [ X FF X FF
SFD_ Y DATA. DATA..] X DATA. ide X idle )\ SFD X DATA. X DATA../| X DATA. ide X ide || Y ide [ idle
PREAVMBLE\_DATA.. X DATA..] X DATA. idle idle REAMBLE_DATA.. X DATA../| X DATA. ide X ide || Y ide [ idle
PREAVBLE\_DATA.. X DATA..] X DATA. idle idle REAMBLE DATA.. X DATA../| X DATA. ide X ide ]/ X _idle idle
PREAVBLE\_DATA.. X DATA..] X DATA. idle idle REAMBLE DATA.. X DATA../| X DATA. ide X ide )/ X_idle idle
PREAVBLE\ DATA.. X DATA..] X DATA. idle idle REAMBLE DATA.. X DATA../| X DATA. ide X idle )/ X _idle idle
PREAVBLE\ DATA.. X DATA..] X DATA. idle idle REAMBLE DATA.. [ DATA../| X DATA. ide X ide |/ X_idle idle
PREAVBLE\_DATA.. | DATA..] X DATA. idle idle REAMBLE DATA.. X DATA../| X DATA. ide X ide |/ X_idle idle
PREAVBLE\_DATA.. | DATA. /| Y DATA. {_ FE idle REAMBLES DATA.. \ DATA./| X DATA.  FE X ide || X ide idle

Dropped data and replaced

64 Bytes N with idle until EOF N
01 Vi X J 02
Statistic increments at Termination. Statistic increments at Termination.
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cnt_tx_frame_error_txfifo_overflow

The statistic cnt_tx frame error txfifo overflow reports the number of TX
frames being scrapped due to TX FIFO overflow, during Store Forward mode. Refer to

on page 27. This statistic is incremental whenever there is an overflow
event.

During Cut Through mode, this statistic stays 0.

Figure 35: TX Statistic - cnt_tx frame error txfifo overflow

TX_AXI_TLAST
TX_AXI_TKEEP
TX_AXI_TDATA[63:56]
TX_AXI_TDATA[55:48]
TX_AXI_TDATA[47:40]
TX_AXI_TDATA[39:32]
TX_AXI_TDATA[31:24]
TX_AXI_TDATA[23:16]
TX_AXI_TDATA[15:8]
TX_AXI_TDATA[7:0]

CNT_TX_FRAME_ERROR_TXFIFO_OVERFLOW

XGMII_TXC
XGMII_TXD[63:56]
XGMII_TXDI55:48]
XGMII_TXD[47:40]
XGMII_TXD[39:32]
XGMII_TXD[31:24]
XGMII_TXD[23:16]

XGMII_TXD[15:8]
XGMIL_TXD[7:0]

U )
U )
L L
FF_J[ J— o3 FF I —7F X FF Y oF
DATAO7 J____ DATA. || DATABT DATAO7 ) DATA. DATA. || DATA207 [ DATAO7 Y DATA. ]| \DATATL\
DATA06 J____ DATA. || DATABE DATA06 ) DATA.. DATA. || DATA214)( DATA0G DATA. ]/ (DATA70 \
DATACS J____DATA. || DATA85 DATA05 ) DATA. DATA. || DATA213)( DATA0S DATA. || (DATAG9 \
DATAO4 J____ DATA. [ DATAB4 DATAO04 ) DATA. DATA.. || DATA204) DATA212) DATAOA. DATA. ]| X DATAG8 \
DATAO3 | DATA.J| ) DATAB3\ DATA03 ) DATA. X DATA.. || DATA211 ) DATA03 )( DATA.. ]| X DATAG67 } DATA75
DATAG2 J____ DATA. || DATA82 DATA02 ) DATA. DATA._ || DATA.. ][ DATAG6 ) DATA74.
__ [OATAOLY DATA. ][ Y DATABL ) DATABY \ DATAOL | DATA. X DATA.]| ) DATA20L)DATA20)(DATAOL DATA. ]| DATAGS | DATATS
DATAQ0 ) DATA.. [ DATAB0 ) _DATAB8 ) _DATA00 ) DATA.. DATA.. || DATA.. |/ DATAG4 | DATAT2
Frame 1 | Frame 2 | Frame 3
TXFIFO_DEPTH=16, IPG=10 Jor
‘The transfer of Frame 2 is scrapped due to Txfifo Overflow and is replaced with idle
[T | [/ Y co FF_»[ FF J/ S 00 Jf Y00 FF
SFD ) DATA07 DATA.. [ DATA87 )J__ipg ipg | idle [ )sFo DATAO7 ) DATA.. [ DATA71 \_ CRC ipg
PREAVBLE DATACE DATA. || DATAB6 )_ipg g | idie [ PrREAVIELEY DATAGE
PREAMBLE| DATACS DATA.. [ DATA85 J_CRC g | idle JI—)preaveLEXDATACS
PREAMBLE| DATA04 DATA.. [ DATAB4 J_CRC ipg | idle [ )preamBLEY DATAO4 X DATA.. [ DATAB8 )\ CRC ipg
PREAMBLE DATAO3 )( DATA. [ J(DATAB3 \ CRC ) ipg | idle J—)PreEAVBLENDATAOS ) DATA. J| ) DATA67 | DATAT5 }_ipg
/PREAVBLEY DATA02 DATA.. |/ DATAB2 J_ CRC g idle [ \PrEAVBLEY DATAOZ - ipg
REAMBLE) DATAOL DATA. ]| Y DATABL ) DATAB9 \_ipg | idle /[ )PrEAVBLEYDATAOL ) DATA.. |/ DATAG5 )\ DATA73 }__ipg
REAMBLE)_DATA00 DATA. ]| DATABO ) DATABB \_ipg | idie [ PrEAVIELEY DATACD

Notes: (1) Latency between TX AXI ST and XGMIl is not accurately illustrated here.
(2) IPG and IDLE are inter-changable. Both are "07".

rpt_rx_frame_length

The statistic rpt_rx frame length reports the length of each RX frames received at the
RX AXI ST Interface. Frame length is inclusive of the headers (6 octets of destination address,
6 octets of source address, the optional 4 octets of VLAN tag, and 2 octets of ETHERTYPE/
LEN), payload, and 4 octets of FCS. This statistic register updates at the same clock cycle

as the end of frame. Refer to the figures, where statistic rpt _rx frame lengthis
illustrated.

The RX frames that are filtered away due to broadcast, unicast, and multicast filtering do
not appear at the RX AXI ST. Hence, this statistic does not report the frame length for the
dropped RX frames.
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cnt_rx_frame_undersized

The statistic cnt_rx frame length reports the number of RX frames with payload
size < 46 for the non-VLAN tagged frames, or < 42 for VLAN tagged frames. This statistic
register updates at a clock cycle after the end of frame.

on page 43 shows the cnt rx frame undersized statistic updates
relative to the RX frames at AXI ST interface.

RX_AXI TUSERis asserted to 1 as described in on page 28.

Figure 36: RX Statistic - Undersized RX Frame

EFX_MAC10GBE:MTU FRAME LENGTH = 1518

MAC10GBE_CLK

Payload Length = 28 Payload Length = 11, containing CRC Error. Payload Length = 25, ETHERTYPE/LEN = Hex(2B)

RX_AXI_TVALID Vi
RX_AXI_TLAST I
RX_AXI_TKEEP FF J X 03 FF o1 [ FF I O\
RX_AXI_TDATA[63:56] DATAO7 }(_DATA.. DATA.. ][ DATAO7 ) DATA.. | DATA.. / DATAO7 )} DATA. X DATA.. ]/ CRC
RX_AXI_TDATA[55:48] DATA06 )} DATA.. | DATA.. [ DATAO06 | DATA. ) DATA.. | DATAO6 )| DATA.. X DATA. ][\ DATA38
RX_AXI_TDATA[47:40] / DATAOS }_1C DATA. /[ Y CRC DATA05 | 0B DATA.. [ DATAGS {28} DATA.J[ DATA37 \
RX_AXI_TDATA[39:32] DATA04 )00 DATA. ]| )} CRC DATA04 ) 00 DATA.. J__CRC [DATAO4) 00 X DATA.. ]/ DATA36 \
RX_AXI_TDATA[31:24] DATA03 ) DATA.. | DATA. ][ X _CRC DATA03 | DATA.. \ DATA.. {_ xCRC DATA03 | DATA.. DATA.. ]|\ DATA35\
RX_AXI_TDATA[23:16] DATA02 ) DATA.. DATA. ][ Y CRC DATA02 ) DATA.. \ DATA.. | CRC / DATA02 )} DATA.. X DATA.. |/ DATA34 ) CRC
RX_AXI_TDATA[15:8] DATAOL )} DATA.. DATA. | Y DATA4L DATAO1 )_DATA.. | DATA.. J_ CRC / DATAOL ) DATA.. X DATA.. ]/ DATA33 || CRC
RX_AXI_TDATA[7:0] DATAQ0 )} DATA.. X DATA. /| }(DATA40 DATA00 J_DATA.. ) DATA.. )\ DATA24 / DATA00 Y_DATA.. X DATA. |/ DATA32 \_ CRC
RX_AXI_TUSER
RPT_RX_FRAME_LENGTH 2E X 1D X 2B
CNT_RX_FRAME_ERRORS 01 X 02 03
CNT_RX_FRAME_ERROR_FCS o1
CNT_RX_FRAME_UNDERSIZED 0L X 02 ) ]
CNT_RX_FRAME_OVERSIZED
CNT_RX_FRAME_MISMATCHED_LENGTH [ ot
CNT_RX_FRAME_RECEIVED_GOOD
CNT_RX_FRAME_RECEIVED_TOTAL 01 X 02 03

Notes: Gap between Frames at RX AXI ST is not accurately illustrated here.

cnt_rx_frame_oversized

The statistic cnt_rx_frame oversized reports the number of RX frames with frame
length > MTU frame length. This statistic register updates at a clock cycle after the end
of frame. The RX_AXI TUSER is asserted to 1 as described in

on page 28. The on page 43 shows

the cnt_rx frame oversized statistic updates relative to the RX frames at AXI ST
interface.

Figure 37: RX Statistic - Oversized RX Frame

EFX_MAC10GBE: MTU FRAME LENGTH = 700

MAC10GBE_CLK

RX_AXI_TVALID
RX_AXI_TLAST
RX_AXI_TKEEP

RX_AXI_TDATA[63:56]

RX_AXI_TDATA[55:48]

RX_AXI_TDATA[47:40]

RX_AXI_TDATA[39:32]

RX_AXI_TDATA[31:24]

RX_AXI_TDATA[23:16]

RX_AXI_TDATA[15:8]
RX_AXI_TDATA[7:0]
RX_AXI_TUSER

RPT_RX_FRAME_LENGTH
CNT_RX_FRAME_ERRORS
CNT_RX_FRAME_ERROR_FCS
CNT_RX_FRAME_UNDERSIZED
CNT_RX_FRAME_OVERSIZED
CNT_RX_FRAME_MISMATCHED_LENGTH
CNT_RX_FRAME_RECEIVED_GOOD
CNT_RX_FRAME_RECEIVED_TOTAL

Payload Length = 1590 Payload Length = 875, contaning CRC Error Payload Length = 713, ETHERTYPE/LEN = Hex(2CA)

FF J OF FF o1 FF X 7F N\
DATAO07 )_DATA.. DATA.. ]| CRC DATA07 ) DATA. DATA.. DATA887 DATAO7 ) DATA.. DATA.. |/ CRC
/[ DATA06 Y DATA.. DATA.. |/ Y_CrC DATAO06 )_DATA.. DATA.. Y DATAB86\ DATAO06 J_DATA.. DATA.. |/ \DATA726\
DATA05 {__ DD DATA.. ] CRC DATA05 6B DATA.. DATA885 DATAO5 ) _CA DATA.. |/ DATA725
DATAO04 _ 86 DATA.. ]| CRC DATA04 )03 DATA.. DATA884)__ CRC DATA04 ) 02 DATA.. |/ DATA724"
DATA03 _DATA. DATA.. ] DATA1603, DATA03 ) DATA. DATA. DATA883)_xCRC DATA03 ) DATA.. DATA. || Y(DATA723\
DATA02 )_DATA. DATA.. ] DATA1602, DATA02 ) DATA. DATA. DATA882)__CRC DATA02 ) DATA.. DATA.. |/ DATA722)__CRC
DATAOL {_DATA.. DATA.. ]| DATA1601\ DATAO1 ) DATA. DATA.. DATA881)_ CRC DATAOL | DATA.. DATA.. | DAT721 ) CRC
DATAQ0 ) DATA.. DATA.. // DATA16( E)\ DATAQO ) DATA.. DATA.. DATA880 | DATA888 DATA00 X DATA.. DATA.. // DATA720) CRC
648 37D 2DB
o1 02 03
o1
o1 02 03
o1
01 02 03
Notes: Gap between Frames at RX AXI ST is not accurately illustrated here.
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cnt_rx_frame_mismatched_length

The statistic cnt_rx frame mismatched length reports the number of RX
frames where the physical frame length mismatches the value in the ETHERTYPE/

LEN field. This statistic register updates at a clock cycle after the end of frame. The

RX AXI TUSER is asserted to 1 as described in on page
28. The on page 44 shows

the cnt rx frame mismatched length statistic updates relative to the RX frames at
AXI ST interface.

Figure 38: RX Statistic - Mismatched Length RX Frame

MAC10GBE_CLK

RX_AXI_TVALID
RX_AXI_TLAST
RX_AXI_TKEEP
RX_AXI_TDATA[63:56]
RX_AXI_TDATA[55:48]
RX_AXI_TDATA[47:40]
RX_AXI_TDATA[39:32]
RX_AXI_TDATA[31:24]
RX_AXI_TDATA[23:16]
RX_AXI_TDATA[15:8]
RX_AXI_TDATA[7:0]
RX_AXI_TUSER

RPT_RX_FRAME_LENGTH
CNT_RX_FRAME_ERRORS
CNT_RX_FRAME_ERROR_FCS
CNT_RX_FRAME_UNDERSIZED
CNT_RX_FRAME_OVERSIZED
CNT_RX_FRAME_MISMATCHED_LENGTH
CNT_RX_FRAME_RECEIVED_GOOD
CNT_RX_FRAME_RECEIVED_TOTAL

EFX_MAC10GBE: MTU Frame Length = 1518

s e e e e

Payload Length = 875, ETHERTYPE/LEN = Hex (360),

Payload Length = 30, ETHERTYPE/LEN = Hex (1E00) Containing CRC Error Payload Length = 713, ETHERTYPE/LEN = Hex (2CA)
FF ) oF FF oL FF I 7F
DATAO7 _DATA.. DATA. ]| Y CRC DATAO07 )(_DATA.. DATA.. DATA887 DATAO7 _DATA.. DATA.. |/ CRC
DATA06 ) DATA.. DATA. ]/ ) CRC DATAO06 )_DATA. DATA.. DATA886 DATA06 ) DATA.. DATA.. |/ DATA726'
DATAO5 }__00 DATA. ]| ) CRC DATAOS 60 DATA. DATAB85 DATAO5 ) CA DATA._J| DATA725
DATAO4 )__1E DATA. ]| ) CRC DATA04 03 DATA. DATA884)__CRC DATAO4 ) 02 DATA._ ]| DATA724
DATAO3 |_DATA.. DATA. || ) DATA43 DATA03 )_DATA DATA. DATA883) XCRC DATAO3 ) DATA.. DATA.. ]| DATA723
DATAO2 |_DATA.. DATA. | ) DATA42 DATA02 \_DATA.. DATA. DATA882)_CRC DATA02 ) DATA.. DATA.. || DATA722) CRC
/[ DATAOL \_DATA. ) DATA.. |/ Y _DATA4T DATAOL DATA.. |/ CRC DATAOL DATA.. |/ J(DAT721 ) CRC \
DATA00 J_DATA... DATA. ]| | DATA40 DATAQO J_DATA.. DATA. DATAB80) DATAB88 DATA00 ) DATA.. DATA._J| DATA720)__CRC
30 37D 2DB
o1 02 03
o1
o1
o1 02 03
o1 02 03

Notes: Gap between Frames at RX AXI ST is not accurately illustrated here.

cnt_rx_frame_error_fcs

The statistic cnt_rx_frame error fcs reports the number of RX frames with
CRC error. This statistic register updates at a clock cycle after the end of frame. The

RX AXI TUSER is asserted to 1 as described in

on page 28. on page 44 shows
the cnt_rx frame error fcs statistic updates relative to the RX frames at AXI ST
interface.

Figure 39: RX Statistic - RX Frame with FCS Error

MAC10GBE_CLK

RX_AXI_TVALID
RX_AXI_TLAST
RX_AXI_TKEEP
RX_AXI_TDATA[63:56]
RX_AXI_TDATA[55:48]
RX_AXI_TDATA[47:40]
RX_AXI_TDATA[39:32]
RX_AXI_TDATA[31:24]
RX_AXI_TDATA[23:16]
RX_AXI_TDATA[15:8]
RX_AXI_TDATA[7:0]
RX_AXI_TUSER

RPT_RX_FRAME_LENGTH
CNT_RX_FRAME_ERRORS
CNT_RX_FRAME_ERROR_FCS
CNT_RX_FRAME_UNDERSIZED
CNT_RX_FRAME_OVERSIZED
CNT_RX_FRAME_MISMATCHED_LENGTH
CNT_RX_FRAME_RECEIVED_GOOD
CNT_RX_FRAME_RECEIVED_TOTAL

EFX_MAC10GBE: MTU Frame Length = 1518

Payload Length = 713, ETHERTYPE/LEN = Hex (2CA),

Payload Length = 38, Containing CRC Error Payload Length = 875, Containing CRC Error Containing CRC Error
FF I OF FF o1 FF L F

DATAO7 ) DATA.. DATA.. |/ XCRC DATA07 )(_DATA.. DATA.. DATA887 DATAO7 ) DATA.. DATA.. |/ CRC

DATA06 ) DATA.. DATA.. |/ CRC DATA06 ) DATA.. DATA.. DATA886' DATA06 ) DATA.. DATA.. |/ DATA726

DATAO5 J__26 DATA.. || CRC DATAOS J__68B DATA.. DATAB85 DATAO5 }__CA DATA. || DATA725

DATA04 )__00 DATA. || CRC DATA04 )03 DATA DATA884)_CRC DATAO4 )02 DATA. || DATA724

DATAO3 |_DATA.. DATA.. || DATAS1 DATA03 )_DATA DATA DATA883)_XCRC DATAO3 J_DATA.. DATA. || DATA723

DATA02 _DATA.. DATA.. || DATAS0 DATA02 {_DATA.. DATA.. DATA882)__CRC DATA02 J_DATA.. DATA. || DATA722)__CRC

DATAOL |_DATA.. DATA.. || DATA49 DATAOL {_DATA.. DATA.. DATABBL)__CRC DATAOL |_DATA.. DATA.. || DAT721 J_xCRC

DATAOQ0 )(_DATA.. DATA.. |/ X_DATA48'\ DATAO00 ) DATA.. | DATA._ |/ DATA888 [ DATA0O )_DATA._ DATA.. [ CRC

38 37D 2DB
oL 02 X 03
oL 02 X 03
[ o1

01 02 X 03

Notes: Gap between Frames at RX AXI ST is not accurately illustrated here.
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cnt_rx_frame_filtered_by_address

The statistic cnt _rx frame filtered by address reports the number of RX frames
being dropped due to broadcast and address filtering. For details, refer to

on page 30.
The statistic reporting is illustrated in
° on page 32
° on
page 32
. on page 32
cnt_rx_frame_pause_mac_ctrl
The statistic cnt _rx frame pause mac ctrl reports the number of RX frames
decoded as Pause frame as shown in on page

45.

Figure 40: RX Statistic - RX Pause Frame

EFX_MAC10GBE: MTU FRAME LENGTH = 1518

MAC10GBE_CLK

RX Pause Frame (Good Frame)

| ,[RX Pause Frame has FCS Error, hence rx_quant is dropped too |

RX_AXI_TVALID i Vi \
RX_AXI_TLAST I I\
RX_AXI_TKEEP FF I X__oF FF X oF 1\
RX_AXI_TDATA[63:56] SRC_ADD(__ 01 X 00 X 00 /| X Ccrc SRC_ ADD(__ 01 Y 00 00 J/ Y“crc \
RX_AXI_TDATA[55:48] /SRC_ADDY__00 X 00 X 00 /| X Ccrc SRC_ADD(___00 X 00 X 00 J YTxCRC \
RX_AXI_TDATA[47:40] o1 Y o8 Y oo X 00 ] X crc o1 X o8 X 00 00 ] Y crc \
RX_AXI_TDATA[39:32] o0 X 8 X o0 X 00 X crc 00 X 8 X o0 X 00 ] Y crc \
RX_AXI_TDATA[31:24] 00 )YSRC ADD(__ 00 00 J X_o00 00 )YSRC_ADD(_ 00 00 J X o0 \
RX_AXI_TDATA[23:16] c2 JSRc_ADDY_ 00 X 00 /X o0 c2 Jsrc_apbpf 00 X 00 J X o0 \
RX_AXI_TDATA[15:8] 80 YSRC_ADD{ RX_Q0 X o0 J X oo 80 JSRC_ADD( RX_Q0 X 00 J X 00 '\
RX_AXI_TDATA[7:0] 01 YSRC_ADD{ RX_Q1 ) 00 /X o0 01 ¥SRC_ADD{ RX Q1 ) 00 J Y o0 \
RX_AXI_TUSER [\
RPT_RX_FRAME_LENGTH 40 X 40
CNT_RX_FRAME_PAUSE_MAC_CTRL o1 02
CNT_RX_FRAME_ERRORS [ o1
CNT_RX_FRAME_ERROR_FCS [ o1
CNT_RX_FRAME_UNDERSIZED
CNT_RX_FRAME_OVERSIZED
CNT_RX_FRAME_MISMATCHED_LENGTH
CNT_RX_FRAME_RECEIVED_GOOD o1
CNT_RX_FRAME_RECEIVED_TOTAL o1 02

Notes: (1) SRC_ADD=SOURCE ADDRESS, RXQ_Q0=RX_QUANTO, RXQ_Q1=RX_QUANT1.
(2) Gaps between Frames at RX AXI ST is not accurately illustrated here.
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cnt_rx_frame_errors

The statistic cnt _rx frame errors reports the number of RX frames with the error
conditions as follow:

*  Undersized RX frame

* Oversized RX frame

* RX frame length mismatch

e FCS error

* Non-Streaming RX data frame

* Error frame

* Dropped RX frame due to broadcast and address filtering

This statistic register updates at a clock cycle after the end of frame.

@ Note: For non-dropped RX frames, RX_AXI TUSER is asserted to 1 as described in

on page 28.
on page
46 shows the cnt rx frame errors statistic updates due to non-streaming
RX data frame. As described in on page 29, when

the RX data frame is non-streaming, RX AXI TUSER asserts to 1 at EOF. The statistic
cnt_rx frame errors also increments a clock cycle after EOF.

Figure 41: RX Statistic Reporting - Non-Streaming RX Data Frame

EFX_MAC10GBE: MTU FRAME LENGTH = 1518

82 clock cycles 112 clock cycles

macioeeectk [ L [ L [ L L[ L L e
Non-Streaming Data M Non-Streaming Data, with CRC error M
RX_AXI_TVALID Vi Vi
RX_AX|_TLAST . I I
RX_AXI_TKEEP / FF } oF ) FF_J X _oF '\ FF Ji = G
RX_AXI_TDATA[63:56] [ DATAO7 Y DATA.. ) DATA..\ ] DATA.J|  X_CRC \ DATA07 J_DATA.. | DATA.. || (DATA.. ) DATA887\
RX_AXI_TDATA[55:48] / DATA06 X_DATA.. ) DATA.. X \DATA. [ X_crc \ DATA06 | DATA.. | DATA.. /| (_DATA.. }(DATAB86\
RX_AXI_TDATA[47:40] /[ DATAOS }__7E ) DATA. DATA. | CRC \ DATAO5 )__ 6B DATA.. ]/ ( DATA.. Y DATA885
RX_AXI_TDATA[39:32] /[ DATA04 \__ 02 ) DATA.. DATA.J|  X_CRC \ DATA04 ) 03 DATA.. ]/ ( DATA.. )\ DATA884) CRC
RX_AXI_TDATA[31:24] / DATA03 {_ DATA.. ) DATA.. DATA.. [/ X DATA651\ DATA03 | DATA.. | DATA.. /| ( DATA.. ) DATA883) CRC
RX_AXI_TDATA[23:16] / DATA02 }_DATA.. ) DATAL \ DATA.J/ DATA650\ DATA02 )_DATA.. DATA.. /| (DATA.. X DATA882) CRC
RX_AXI_TDATA[15:8] / DATAOL Y_DATA.. ) DATA.. \DATA.. /| Y DATA649\ DATAOL ) DATA.. ) DATA.. || (_DATA.. ) DATA881)_ xCRC
RX_AXI_TDATA[7:0] [ DATACO \_DATA.. ) DATA. X SATA..V/ X DATA648\ DATA00 | DATA.. X DATA.. [/ ( DATA.. \ DATA880) DATA88S'
RX_AXI_TUSER N
Invalid cycle, excluded from the computat\oﬁ\ \\\\ Invalid cycle, excluded from the computation in rpt_rx_frame_length
RPT_RX_FRAME_LENGTH in rpt_rx_frame_length N 288 X 375
CNT_RX_FRAME_ERRORS ——/ 01 X_02
CNT_RX_FRAME_ERROR_FCS 01
CNT_RX_FRAME_UNDERSIZED
CNT_RX_FRAME_OVERSIZED
CNT_RX_FRAME_MISMATCHED_LENGTH / 01 X 02
CNT_RX_FRAME_RECEIVED_GOOD
CNT_RX_FRAME_RECEIVED_TOTAL / 01 X 02

Notes: Gap between Frames at RX AXI ST is not accurately illustrated here.
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EFX_MAC10GBE: MTU_FRAME_LENGTH=1518

82 Clock Cycles

v

MAC10GBE_CLK |

XGMII_RXC

/A

XGMII_RXD[63:56]

XGMII_RXD[55:48]

XGMII_RXD[47:40]

XGMII_RXD[39:32]

XGMII_RXD[31:24]

XGMII_RXD[23:16]

XGMII_RXD[15:8]

XGMII_RXD[7:0]

RX_AXI_TDATA[63:56]

RX_AXI_TDATA[55:48]

RX_AXI_TDATA[47:40]

RX_AXI_TDATA[39:32]

RX_AXI_TDATA[31:24]

RX_AXI_TDATA[23:16]

RX_AXI_TDATA[15:8]

RX_AXI_TDATA[7:0]

L Error Frame ;|
[ o1 X 00 J/i X fre X FF X FF
/ sFb X DATA07 X DATA. Y DATA.. |/ \DATA655 | ipg X ipg X ipg
/PREAVBLEY DATA06 Y DATA.. DATA.. |/ \DATA654 Y\ ipg { ipg X ipg
/PREAMBLEY DATA05 ¥ 7E X DATA.. |/ \DATA653 Y ipg { ipg X ipg
/PREAMBLE{ DATA04 X 02 X DATA.. [/ \DATA652 | ipg { ipg X ipg
/PREAMBLE{ DATA03 X DATA.. DATA.. |/ \DATA651 Y ipg { ipg X ipg
/PREAMBLEY DATA02 Y DATA.. DATA.. |/ \DATA650 Y ipg X ipg X ipg
/PREAVBLEY DATAOL Y DATA.. DATA.. |/ \DATA649 Y ipg X ipg X ipg
/PREAMBLE{ DATA00 X DATA.. DATA.. [/ \DATA648 \ FE Y ipg X ipg
/ DATAO7 X DATA. X DATA.. /| X DATAB55 \ |
/ DATA06 Y DATA. X DATA.. /| X DATA654 \ \ Decoded as
CRC Octets
/ DATA0S X DATA. X DATA.. /| X DATA653 \ (
/ DATA04 X DATA. X DATA.. /| X DATAB52 \ [
/ DATA03 X DATA. X DATA.. /| X DATA651 \
/ DATA02 X DATA. X DATA.. /| X DATA650 \
/ DATA0L Y DATA. X DATA.. /| X DATA649 \
/ DATA00 Y DATA. X DATA.. /| X DATA648 \

RX_AXI_TUSER

RPT_RX_FRAME_LENGTH

CNT_RX_FRAME_ERRORS

CNT_RX_FRAME_ERROR_FCS

CNT_RX_FRAME_UNDERSIZED

CNT_RX_FRAME_OVERSIZED

CNT_RX_FRAME_MISMATCHED_LENGTH

CNT_RX_FRAME_RECEIVED_GOOD

CNT_RX_FRAME_RECEIVED_TOTAL

|

Notes: Latency between XGMII RX and RX AXI ST is not accurately illustrated here.
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cnt_rx_frame_received_good

The statistic cnt_rx frame received good reports the number of error-free RX
frames at the RX AXI ST interface. An error-free RX frame has the following characteristics:

Streaming RX data frame or Pause frame.

Data content matches the corresponding CRC.

Destination address matches with MAC source address, with reference to

rx_address filtering mask and the enabling of broadcast filtering.

Payload size is = 46 octets, i.c., frame length is = 64 for non-VLAN tagged and = 68 for
VLAN tagged frames.

Frame length is < MTU frame length.

For payload size < 1500 octets, the physical frame length matches the values in the
ETHERTYPE/LEN field.

cnt_rx_frame_received total

The statistic cnt_rx frame received total reports the total number of RX Ethernet
frames at RX. This statistic includes the dropped RX frames due to broadcast and address
filtering.
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Latency

In the 2025.1 release and later, the latency of the Ethernet 10G MAC core has been improved.
During Cut Through mode, the new latency of the TX frame transmission is 3 clock cycles,
while the RX frame transmission has a new latency of 5 or 6 clock cycles.

At the RX path, there is a new configuration named Optimize Timing. The setting for this
configuration is defaulted to Enable. When set to Enable, the 1* level of pipeline registers
are synthesized to improve timing closure and the total latency in RX path is 6 clock cycles.
Alternatively, depending on the complexity of your design and timing report, you can set
this configuration to Disable. When set to Disable, there will be no pipeline registers being
synthesized and the total latency in RX path is reduced to 5.

Efinity: IP Catalog, Interface Designer, and
Integration

The Ethernet 10G MAC core is designed to interact with the user's logic and the FPGA
Ethernet 10G PCS as shown in

on page 4. To combine the Ethernet 10G
MAC core, the FPGA Ethernet 10G PCS and user's logic together as a whole design, you
need to perform the following steps:

1. Configure and generate the Ethernet 10G MAC core from the IP Catalog.
2. Confgure and generate the FPGA Ethernet 10G PCS using the Interface Designer.

3. Create a top-level module to integrate the Ethernet 10G MAC core (from step 1), the
FPGA Ethernet 10G PCS (from step 2) and user's logic.

IP Catalog

The Ethernet 10G MAC core is ready to use from IP Catalog. For steps to customize an IP
core with the IP Configuration wizard, refer to
on page 51.

Interface Designer

Refer to Chapter 16 10Gbase-KR Interface of

Top Level Module

You need to create a top-level module to integrate the Ethernet 10G MAC core (generated
from the IP Catalog) and the FPGA 10G PCS (generated from the Interface Designer).

on page 50 illustrates the
integration of one lane of Ethernet 10G MAC and PCS for Efinity compilation.
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Figure 43: Top-Level Module for Efinity Compilation
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Top Level Module: EFX_ETHERNET_10G

User Interface

INIT_CLK at 50 MHz
(Sourced from PLL/Clock Pin)

EFX_MAC10GBE
(generated from IP catalog)

v

>

PHY_INIT_DONE
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IP Manager

The Efinity” IP Manager is an interactive wizard that helps you customize and generate
Efinix® IP cores. The IP Manager performs validation checks on the parameters you set to
ensure that your selections are valid. When you generate the IP core, you can optionally
generate an example design targeting an Efinix development board and/or a testbench. This
wizard is helpful in situations in which you use several IP cores, multiple instances of an IP
core with different parameters, or the same IP core for different projects.

@ Note: Not all Efinix IP cores include an example design or a testbench.

Generating the Ethernet 10G MAC Core with the IP Manager

The following steps explain how to customize an IP core with the IP Configuration wizard.

1.
2.

Open the IP Catalog.

Choose Ethernet > 10G Ethernet MAC core and click Next. The IP Configuration
wizard opens.

Enter the module name in the Module Name box.

@ Note: You cannot generate the core without a module name.

Customize the IP core using the options shown in the wizard. For detailed information
on the options, refer to the on page 52

section.

(Optional) In the Deliverables tab, specify whether to generate an IP core example design
targeting an Efinix” development board and/or testbench. These options are turned on by
default.

(Optional) In the Summary tab, review your selections.

Click Generate to generate the IP core and other selected deliverables.

. In the Review configuration generation dialog box, click Generate. The Console in the

Summary tab shows the generation status.

Note: You can disable the Review configuration generation dialog box by turning
off the Show Confirmation Box option in the wizard.

When generation finishes, the wizard displays the Generation Success dialog box. Click
OK to close the wizard.

The wizard adds the IP to your project and displays it under IP in the Project pane.

Generated Files

The IP Manager generates these files and directories:

<module name>_define.svh—Contains the customized parameters.
<module name>_tmpl.sv—Verilog HDL instantiation template.
<module name>_tmpl.vhd—VHDL instantiation template.
<module name>.sv—IP source code.

settings.json—Configuration file.

efx_ethernet_10g_exp—Has generated RTL, example design, and Efinity” project
targeting a specific development board.
Testbench—Contains simulation models. Testbench is not available.
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Customizing the Ethernet 10G MAC

The core has parameters so you can customize its function. You set the parameters in the
General tab of the core's IP Configuration window.

Table 5: Ethernet 10G MAC Core Parameters

Name

Options

Description

Data Streaming Mode

Cut Through,
Store Forward

Default: Cut Through

In Cut Through mode, the XGMII packet is transferred with
minimum latency, without waiting for the complete packet.

In Store Forward mode, the XGMII packet is only transferred when
the entire packet is fully stored.

Programmable 9-15 Default: 12
Inter packet Gap In Store Forward mode, the effective IPG may be governed by the
Store Forward mechanism, where the packet is only transferred
when the entire packet is fully stored.
Maximum Transmission 64 -16018 Default: 1518

Unit Frame Length

Maximum Transmission Unit Frame Length is the total count of
headers (destination address, source address, VLAN tag, type/
length), data payload and frame check sequence.

Refer to frame length depicted in

on page 12
and

on page 12.

Any RX packet with physical length > Maximum Transmission
Unit Frame Length will be flagged as oversized frame.AnyRX
packet with payload < 46 (or < 42 for VLAN tagged frames) will
also with undersized frame.

MAC Source Address

Default: 48'h0000_0000_0000

This MAC Source Address is used in the following scenarios:
* When generating TX pause frame.

* When comparing against address filtering.

This MAC Source Address is not used when converting from User
TX AXI ST inputs to XGMII TX packets.

Broadcast Filtering

Enable, Disable

Default: Enable Broadcast Filtering.
Disable Broadcast Filtering.

TXFIFO Depth

8-2048

Default: 512

Set the depth of FIFO for storing the Full TX packet during Store
Forward mode.

The depth of FIFO must be large enough to store the maximum
length of the TX frames intended for transfer.

Refer to on page 21.
This parameter is not effective during Cut Through mode.

Link Fault Detection

Enable, Disable

Default: Enable Link Fault Detection.
Disable Link Fault Detection.
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Name

Options

Description

Optimize Timing

Enable, Disable

Default: Enable Optimize Timing.

This enables the synthesis of pipeline registers to improve on
timing.

Disable Optimize Timing.

No pipeline registers is being synthesized. You can disable if the
mac10gbe_clk in your design is meeting the targeted 156.25 MHz.

TX_PKT_CNT_DW

Default: Display in post IP generation.

In Store Forward mode, the XGMII packet is only transferred when

the entire packet is fully stored. TX_PKT CNT_DW specifies the data

width of the maximum number of frames that can be stored in the

TXFIFO at one time, based on 2 ™*-PKT-CNT-DW ¢

This parameter is meant to optimize resource utilization. The

default value is 3.

° TX PKT CNT DW= 1— stores 1 frame

° TX PKT CNT DW =2 — stores up to 3 frames

° TX PKT CNT DW= 3 — stores up to 7 frames

° TX PKT CNT DW= 4 — stores up to 15 frames

° TX PKT CNT DW=>5 — stores upto 31 frames

° TX PKT CNT DW= 6 — stores up to 63 frames

° TX PKT CNT DW= 7 — stores up to 127 frames

° TX PKT CNT DW= 8 — stores up to 255 frames

° TX PKT CNT DW= 9 — storesupto 511 frames

° TX PKT CNT DW= 10 — stores up to 1023 frames

Efinix recommends user to correlate both parameters

TXFIFO_DEPTH and TX_PKT CNT_DW, based on the TX data frame

length, to optimize the resource utilization.

For example, if the maximum and the minimum frame length is

64 and 16 respectively, you should set TXFIFO DEPTH = 8 and

TX_PKT CNT = 3. Alternatively, you may set TXFIFO DEPTH = 16

and TX_ PKT CNT = 4.

° ATXFIFO DEPTH = 8 can stores up to 4 frames of the smallest
frame length (optimized resource).

° ATXFIFO DEPTH = 16 can stores up to 8 frames of the smallest
frame length (this setting is not recommended because this adds
to memory and counter resources).

@ Note:

° This parameter is not available in the IP Configuration
Interface, but it is available in the post-generated IP.

* The default setting of this parameter is 3, mainly to
optimize resources and to cater for the typical use case
during Store Forward mode.

* In the case where there is a need for the TXFIFO to store
> 7 frames per time, you may manually change this
setting in the following directories:

— ip/<ip_name>/<ip_name>.sv. This is the location of
the generated Ethernet 10G MAC Core.

— ip/<ip_name>/ efx_ethernet_10g_exp/ip_name>.sv.
This is the location of the generated example design.
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Ports

Table 6: Ethernet 10G MAC Core Ports Interface

Port Name Direction| Bus Clock Domain Description
Width

Clock and Reset®

init_clk Input 1 - Frequency = 50 MHz or below

init_rst_n Input 1 Async Reset all power-up handshake between the core
and the FPGA PHY.

mac10gbe_clk Input 1 - Frequency = 156.25 MHz
mac_reset_n Input 1 Async Reset all the core logic of the Ethernet 10G MAC
core, which includes statistics reporting.
cnt_rst_n Input 1 Async Assert this port to reset all statistics reporting.
MAC AXI ST Interface: TX
tx_axis_mac_tdata Input 64 mac10gbe_clk | AXI ST 64 TX Interface. Refer to on
tx_axis_mac_tvalid Input 1 mac10gbe_clk page 13.
tx_axis_mac_tlast Input 1 mac10gbe_clk
tx_axis_mac_tkeep | Input 8 mac10gbe_clk
tx_axis_mac_tuser Input 1 mac10gbe_clk
tx_axis_mac_tready | Output 1 mac10gbe_clk

MAC AXI ST Interface: RX

rx_axis_mac_tdata | Output 64 mac10gbe_clk | AXI ST 64 RX Interface. Refer to on
rx_axis_mac_tvalid | Output 1 mac10gbe_clk page 15.
rx_axis_mac_tlast | Output 1 mac10gbe_clk
rx_axis_mac_tkeep | Output 8 mac10gbe_clk
rx_axis_mac_tuser | Output 1 mac10gbe_clk

MAC Priority Flow Control®

rx_pause_ignore Input 1 mac10gbe_clk | Assert this signal to disable the priority flow
control. This is a pseudo static user's input signal.

tx_pause_gen Input 1 mac10gbe_clk | Assert this to trigger TX Pause request, i.e. to send
TX Pause frame to XGMII TX interface, with the
quant values from tx_pause_quant. This signal is
pulse based, and should only be asserted when
tx_pause_busy is 0.

(3)

: For details on Clock and Reset, refer to on page 8 and
4)

For details on MAC Priority Flow Control, refer to on page 33.
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Port Name

Direction

Bus
Width

Clock Domain

Description

tx_pause_busy

Output

mac10gbe_clk

An indicator of the status of TX Pause request.
When this signal is 1, this means there is TX pause
request being queued, pending processed. Any
assertion on tx_pause_gen or tx_pause_quant

will not be processed when this signal is 1. This
signal will become 0 when the TX Pause request
has been processed. When this signal is 0, it also
means that user can request a new TX Pause
request by asserting tx_pause_gen.

tx_pause_quant

Input

16

Pseudo Async

Drive this bus with the desired quant value to be
included during the TX Pause request. 1 quant
is defined as the pause time to transfer 512 bits.
Quant value should be stable before asserting
tx_pause_gen.

MAC Broadcast Filtering & Address Filtering(s)

rx_address_

filtering_mask

Input

48

Pseudo Async

This is a bit-wise filtering mask for address
filtering. Any bit, when asserted, is compared bit-
wise against source address and any mismatched
comparison is filtered or dropped. When any of
the bit-wise mask is set to 0, the corresponding bit
is considered matched.

MAC Statistic Reporting: TX(®)

cnt_tx_frame_

transmitted_good

Output

32

mac10gbe_clk

Reports the number of TX frames successfully
transferred at XGMII Interface.

cnt_tx_frame_

pause_mac_ctrl

Output

32

mac10gbe_clk

Reports the number of TX Pause frames
successfully transferred from tx_pause_gen to
XGMII Interface.

cnt_tx_frame_error_

txfifo_overflow

Output

32

mac10gbe_clk

Reports the number of TX frames being scrapped
due to TXFIFO overflow, during Store Forward
mode. During Cut Through mode, this statistic
stays 0.

cnt_tx_frame_is_fe

Output

32

mac10gbe_clk

Reports the number of Bad TX frames being
terminated. This statistic does not include the
silently dropped TX frames due to non-compliant
TX_AXI_TLAST or the scrapped TX frames due to
TXFIFO Overflow.

MAC Statistic Reporting: RX(®)

rpt_rx_frame_length

Output

14

mac10gbe_clk

Reports the length of each RX frames received at
RX AXI ST Interface.

cnt_rx_frame_

received_good

Output

32

mac10gbe_clk

Reports the number of Good Frames at RX AXI ST.

cnt_rx_frame_

received_total

Output

32

mac10gbe_clk

Reports the number of all frames at RX, i.e. good
frames, bad frames, and pause frames. This
statistic includes dropped frames.

cnt_rx_fra me_errors

Output

32

mac10gbe_clk

Reports the number bad frames and dropped
frames at RX.

(5)

(6)

For details on MAC broadcast and address filtering, refer to
For details on MAC statistic reporting, refer to

on page 30.
on page 40 .
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Port Name Direction| Bus Clock Domain Description
Width
cnt_rx_frame_ Output 32 mac10gbe_clk | Reports the number of pause frames at RX.
pause_mac_ctrl
cnt_rx_frame_ Output 32 mac10gbe_clk |Reports the number of RX frames containing CRC
error_fcs error.
cnt_rx_frame_ Output 32 mac10gbe_clk |Reports the number of short frames at RX, i.e.
undersized payload size < 46.
cnt_rx_frame_ Output 32 mac10gbe_clk |Reports the number of RX frames with physical
oversized length > MTU_FRAME_LENGTH.
cnt_rx_frame_ Qutput 32 mac10gbe_clk |Reports the number of RX frames with physical
mismatched length mismatching the ETHERTYPE/LEN field.
lenath B This statistic is only applicable for RX frames with
eng payload size < 1500.
cnt_rx_frame_ Output 32 mac10gbe_clk | Reports the number of RX frames being silently
filtered_by dropped due to address mismatch or RX frames
dd - with broadcast address. This statistic is subjected
adaress to the enabling of Broadcast Filtering and
rx address filtering mask.
XGMII Interface
XGMII_TXD Output 64 mac10gbe_clk | XGMII TX Data.
XGMII_TXC Output 8 mac10gbe_clk | XGMII TX Control.
XGMII_RXD Input 64 mac10gbe_clk | XGMII RX Data.
XGMII_RXC Input 8 mac10gbe_clk | XGMII RX Control.
PHY Power Up Sequence
PMA_CMN_READY | Input 1 Async Output from PHY to indicate the readiness of PHY
calibration.
PMA_XCVR_ Input 1 Async Refer to
PLLCLK_ on page 11.
EN_ACK
PMA_XCVR_ Input 4 Async
POWER_
STATE_ACK
PMA_RX_SIGNAL_ input 1 Async
DETECT
PMA_XCVR_ Output 1 init_clk
PLLCLK_EN
PMA_XCVR_ Output 4 init_clk
POWER_
STATE_REQ
phy_init_done Output 1 Async
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Ethernet 10G MAC Example Design

You can choose to generate the example design when generating the core in the IP Manager
Configuration window. Compile the example design project and download the .hex or .bit
file to your board. To generate example design, the Example Design Deliverables Option
signal must be enabled.

@ Important: Efinix tested the example design generated with the default parameter options only.

Note: The Ethernet 10G MAC core example design is available in Efinity software version 2024.2.294.1.19
and later.

The example design demonstrates the connectivity of the Ethernet 10G MAC core,
FPGA 10G PCS, and user's logic, as shown in
on page 50 and
on page 57. The user’s logic has 2 pattern generators and checkers (denoted
by efx maclOgbe exp pat genand efx maclOgbe exp checker modules
respectively), APB modules (denoted by efx _macl0Ogbe exp apb master and
efx maclOgbe exp apb halt), and a Virtual I/O Debugger.

The example design further demonstrates the essential APB commands and handshakes to
enable the RX path upon the CDR-Locked-to-Data, as described in
on page 11. The APB master has built-in ROM and RAM.

Figure 44: Example Design for Ethernet 10G MAC Core

Efinity Interface Designer

IN_USER Configuration

Q1_L2_POWER_UP

Pattern o L2 TX AXI ST »> POWER UP SEQUENCE ¢ > ™
Generator AR > Q1_L2_TXD, TXC -
>
. Q1_L2_RX_AXI_ST EFX_MAC10GBE _ Q1_L2 RXD,RXC 10GBase-KR Q1_LN2
Checker N -
< <o Q1_L2 10GBE CLK Rx ¢
Q1_APB
APB Modules <f Qi APB_CIK >  APB Interface
) L &
< DEBUG_CLK
L»  PASSSTATUS  VituallO << INIT_CLK PLL osc
—» Debugger <
B Q3_APB_CLK
APB Modules Q3_APB »  APB Interface
. <o Q312 10GBE CLK -~
—JECHSCEC Q3_L2 RX_AXI_ST Q3_L2_RXD, RXC
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Q3 _L2_POWER_UP

Q3_L2_TX_AXI_ST

»

Pattern a
Generator ——»> POWER UP SEQUENCE <

v v

RX 4——

» GPIO

The built-in ROM stores the configuration settings to configure and enable the RX path
and/or Auto Negotiation (Clause 37). With efx_q1_rom_mif_an.mem as an example, the

on page 58 describes the format of the
ROM content.
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Concurrently, the built-in RAM captures the APB_ PRDATA and APB_PADDRESS of all
APB read commands. The ram dout dand ram_dout_a ports display the captured
APB_PRDATA and the corresponding APB_PADDRESS.

Figure 45: Format of an APB ROM Content
1C0027400000601 o urite at Adcross Co0274 it 0000 0801
1C0026401000000
1C0020000091003
1C0020080091003

0C0020800000003
6th APB request. This is an APB Read command
OCO 02780000 D60 1 44— toread from Address c00278, the expected PRDATA

is 0000_D601
T~ T~
APB Address If this is an APB Write command, it is an APB PWDATA.
If this is an APB Read command, it is an expected PRDATA.

1 is APB Write command.
0 is APB Read command.

In user mode, the example design awaits the PLL to lock. The assertion of PLL_LOCK
releases the resets in the Ethernet 10G MAC core and the FPGA PCS. This is followed by
the PHY power-up sequence handshake, resulting in the assertion of PHY INIT DONE.
Upon the assertion of PHY INIT DONE, the APB modules become operational and start the
APB configuration based on the built-in ROM content. At the end of the APB configuration,
the RX path in the FPGA becomes functional and achieves BLOCK LOCK status. Upon
achieving BLOCK LOCK status, the pattern generator starts transmitting data frames into
the TX AXI ST interface of the Ethernet 10G MAC core.

For the entire operation, the checker actively checks the RX path of the Ethernet 10G MAC
core for error frame and assertion of RX_AXI TUSER. Depending on the macro enablement,
the checker also checks for successful Auto Negotlatlon state and KR Training. Finally, the
PASS STATUS is asserted if all the passing criterias are met.
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Example Design Macros

The example design includes useful macros that allow you to customize and enable the KR
Training and Auto Negotiation (Clause 37) in the FPGA 10G PCS. Using the macros, you
can plug in the example design into the Functional Verification Testbench to perform
extensive functional verification. By default, the macros are not enabled.

The following are the available macros in the example design:

KR ENABLE

— Enable KR Training in the FPGA 10G PCS.

— Pre-requisite: Enable KR Training in the Interface Designer.

— Ineffective when the LOOPBACK macro is enabled.

AN ENABLE

— Enable Auto Negotiation (Clause 37) in the FPGA 10G PCS.

— Pre-requisite: Enable Auto Negotiation (Clause 37) in the Interface Designer.
— Ineffective when the LOOPBACK macro is enabled.

LOOPBACK

— Redirect the XGMII TX to the XGMII RX. Available for Q1 L2 instance only.

— When enabling this LOOPBACK macro, the Ethernet 10G MAC core is segregated
from the FPGA 10G PCS. Hence, the PCS features are not available, resulting in
KR_ENABLE and AN ENABLE become ineffective.

VERIF

— This macro provides the flexibility to migrate and plug in the example design into
Functional Verification Testbench.

— When this macro is enabled, you may use the driver in the Functional Verification
Testbench to inject vectors into the Ethernet 10G MAC core. Simultaneously, you

may use the scoreboard in the Functional Verification Testbench to check and verify

the output from the Ethernet 10G MAC core.
— The Virtual I/O Debugger is disconnected when this macro is enabled.

— When this macro is not enabled, you can use the Virtual I/O Debugger to drive the
input vectors into the Ethernet 10G MAC core.
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Enabling the Macros in the Example Design

To enable macros for Efinity compilation.

1. In the active example design, go to File > Edit Project. The Project Editor opens.
2. Go to Synthesis tab.

3. At the Verilog define Macro section, click + to add new macros.

4. Type in the name of the macro and set Valueto 1.

Note: When enabling the macros, always set the Value to 1. Setting the macro to a
different value does not disable the macro.

5. To disable a macro, you have to remove it from Verilog define Macro section. To
remove a macro, select the desired macro and click -.

Figure 46: Enabling Macro in the Example Design
—_’ Create New Project x

»

Project =~ Design | Synthesis | Place and Route  Bitstream Generation = Debugger

1
|
Work Directory work_syn

V| Generate Post Synthesis Netlist

Synthesis Options
Name Value =
--allow-const-ram-index 0
--blackbox-error 1
--blast_const_operand_adders 1
—bram_output_regs_packing 1
--create-onehot-fsms 0
—fanout-limit 0 ~
Include Dir mgling
Dynamic Parameter =
Name Value
Verilog " define Macro =] +—
Name = value

1 AN_ENABLE 1
—»2 KR_ENABLE 1

3|VERIF 1

0K Cancel
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Generating the Example Design

Use the following steps to generate the example design from the IP Catalog.

1. Create a new project.

2. Select the Ethernet 10G MAC core from the IP Catalog and set your configurations.
3. In the Deliverables tab, turn on the Example Design (efx_ethernet_10g_exp).
4. Click Generate.

The example design is available in <project path>\ip\<ip-module-name>
\efx_ethernet_10g_exp directory.

To migrate the example design into the Functional Verification Testbench:

1. Close the existing project.

2. To open the example design, select <project path>\ip\<ip-module-name>\
efx_ethernet_10g_exp\efx_ethernet_10g_exp.xml

3. Enable the VERIF macro. This step is mandatory.

@ Note: You may enable or disable any macro combination of the KR_ENABLE,
AN ENABLE, or LOOPBACK.

4. Compile the design.
5. In the Functional Verification Testbench, instantiate and connect the example design

based on on page
62.

6. Connect to drive input vectors from the Functional Verification Testbench into the
Ethernet 10G MAC core.

7. If you enable the LOOPBACK macro, you need to tie off all inputs of the APB modules.

The PHY power up sequence interface is still connected to the FPGA PHY. Hence, in user

mode, the power-up sequence handshake takes place and the forwarded clock is ON to clock
the Ethernet 10G MAC core.

@ Note: The LOOPBACK macro is only applicable to 01 L2 in the example design.

To load the example design into the FPGA development board:

1. Close the existing project.

2. To open the example design, select <project path>\ip\<ip-module-name>\
efx_ethernet_10g_exp\efx_ethernet_10g_exp.xml

3. Disable the VERIF macro. This step is mandatory.

@ Note: You may enable any macro combination of KR_ENABLE, AN ENABLE, or
LOOPBACK.

4. Compile the design.
5. Download the design to your Titanium Ti375 N 1156 Development Board.

www.efinixinc.com 61



Table 7: Example Design for Functional Verification Testbench

Ethernet 10G MAC Core User Guide

Signal Name

Direction

Width

Description

Common Clocks and Signals

INIT_CLK Input 1 Connect from the PLL_TR1 in
Q1 APB_CLK Input 1 FPGA peripheral.
Q3_APB_CLK Input 1

PLL_LOCKED Input 1

IN_USER Input 1 Connect from the FPGA

peripheral.

Instance Q1 Lane 2: Per Lane Clock and Reset

Q1_L2_10gbe_clk Input 1
Q1_L2_PCS_RST_N_RX Output 1
Q1_L2_PCS_RST_N_TX Output 1

Connect with the FPGA
transceiver's Q1 lane 2 interface.

Instance Q1 Lane 2: PCS Interface

Q1_L2_BLOCK_LOCK Input 1
Q1_L2_PCS_STATUS Input 1
Q1_L2_IRQ Input 1
Q1_L2_HI_BER Input 1
Q1_L2_PHY_INTERRUPT Input 1
Q1_L2_PMA_TX_ELEC_IDLE Output 1
Q1_L2_ETH_EEE_ALERT_EN Output 1

Connect with the FPGA
transceiver’'s Q1 lane 2 interface.

Instance Q1 Lane 2: KR Trainin

g Interface

Q1_L2_KR_TRAINING_ENABLE Output 1 Connect with the FPGA

01 L2 KR_RESTART TRAINING Output 1 transceiver’'s Q1 lane 2 interface.
Q1_L2_KR_TRAINING Input 1

Q1_L2_KR_FRAME_LOCK Input 1

Q1_L2_KR_LOCAL_RX_TRAINED Input 1

Q1_L2_KR_SIGNAL_DETECT Input 1

Q1_L2_KR_TRAINING_FAILURE Input 1

Q1_L2_restart_kr_training_IN Input 1 Connect from the drivers in the

Functional Verification Testbench.

Instance Q1 Lane 2: PHY Power Up Sequence Interface

Q1_PMA_CMN_READY Input 1
Q1_L2_PMA_XCVR_PLLCLK_EN Output 1
Q1_L2_PMA_XCVR_PLLCLK_EN_ACK Input 1
Q1_L2_PMA_XCVR_POWER_STATE_REQ Output 4
Q1_L2_PMA_XCVR_POWER_STATE_ACK Input 4
Q1_L2_PMA_RX_SIGNAL_DETECT Input 1

Connect with the FPGA
transceiver’'s Q1 lane 2 interface.
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Signal Name Direction Width Description
Instance Q1 Lane 2: XGMII Interface
Q1_L2_TXD Output 64 Connect with the FPGA
Q1_L2 TXC Output 8 transceiver's Q1 lane 2 interface.
Q1_L2_RXD Input 64
Q1_L2_RXC Input 8

Instance Q1 Lane 2: Input to Ethernet 10G MAC Core

in_Q1_L2_cnt_rst_n Input 1
in_Q1_L2_rx_pause_ignore Input 1
in_Q1_L2_rx_address_filtering_mask Input 48
in_Q1_L2_tx_pause_gen Input 1
in_Q1_L2_tx_pause_quant Input 16

Connect from the drivers in the
Functional Verification Testbench.

Instance Q1: APB Interface

Q1_USER_APB_PSEL Output 1
Q1_USER_APB_PWRITE Output 1
Q1_USER_APB_PENABLE Output 1
Q1_USER_APB_PADDR Output 24
Q1_USER_APB_PWDATA Output 32
Q1_USER_APB_PRDATA Input 32
Q1_USER_APB_PREADY Input 1
Q1_USER_APB_PSLVERR Input 1

Connect with the FPGA
transceiver's Q1 interface.

Instance Q1: APB Modules

in_Q1_ram_usr_wren_w Input 1
in_Q1_ram_usr_addr_w Input 6
in_Q1_usr_apb_start_w Input 1
in_Q1_usr_apb_addr_w Input 24
in_Q1_usr_apb_write_w Input 1
in_Q1_usr_apb_pwdata_w Input 32

Connect from the drivers in the
Functional Verification Testbench,
applicable only to debug the APB
modules in the example design.

For functional use case, initialize
each signal to 0.

Instance Q3 Lane 2: Per Lane Clock and Reset

Q3_L2_10gbe_clk Input 1
Q3_L2_PCS_RST_N_RX Output 1
Q3_L2_PCS_RST_N_TX Output 1

Connect with the FPGA
transceiver's Q3 lane 2 interface.

Instance Q3 Lane 2: PCS Interface

Q3_L2_BLOCK_LOCK Input 1
Q3_L2_PCS_STATUS Input 1
Q3_L2_IRQ Input 1
Q3_L2_HI_BER Input 1
Q3_L2_PHY_INTERRUPT Input 1
Q3_L2_PMA_TX_ELEC_IDLE Output 1

Connect with the FPGA
transceiver's Q3 lane 2 interface.
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Signal Name Direction Width Description
Q3_L2_ETH_EEE_ALERT_EN Output 1
Instance Q3 Lane 2: KR Training Interface

Q3_L2_KR_TRAINING_ENABLE Output 1 Connect with the FPGA

Q3 L2 _KR_RESTART_TRAINING Output 1 transceiver's Q3 lane 2 interface.
Q3_L2_KR_TRAINING Input 1

Q3_L2_KR_FRAME_LOCK Input 1

Q3_L2_KR_LOCAL_RX_TRAINED Input 1

Q3_L2_KR_SIGNAL_DETECT Input 1

Q3_L2_KR_TRAINING_FAILURE Input 1

Q3_L2_restart_kr_training_IN Input 1 Connect from the driver in the

Functional Verification Testbench.

Instance Q3 Lane 2: PHY Power Up Sequence Interface

Q3_PMA_CMN_READY Input 1 Connect with the FPGA
Q3.2 PMA_XCVR_PLLCLK_EN Output 1 transceiver's Q3 lane 2 interface.
Q3_L2_PMA_XCVR_PLLCLK_EN_ACK Input 1
Q3_L2_PMA_XCVR_POWER_STATE_REQ Output 4
Q3_L2_PMA_XCVR_POWER_STATE_ACK Input 4
Q3_L2_PMA_RX_SIGNAL_DETECT Input 1

Instance Q3 Lane 2: XGMII Interface

Q3_L2_TXD Output 64 Connect with the FPGA

Q312 TXC Output 3 transceiver’s Q3 lane 2 interface.
Q3_L2_RXD Input 64

Q3_L2_RXC Input 8

Instance Q3 Lane 2: Input to Ethernet 10G MAC Core

in_Q3_L2_cnt_rst_n Input 1 Connect from the drivers in the

- - Functional Verification Testbench.
in_Q3_L2_rx_pause_ignore Input 1

in_Q3_L2_rx_address_filtering_mask Input 48

in_Q3_L2_tx_pause_gen Input 1

in_Q3_L2_tx_pause_quant Input 16

Instance Q3: APB Interface

Q3_USER_APB_PSEL Output 1 Connect with the FPGA
Q3 _USER_APB_PWRITE Output 1 transceiver’s Q3 interface.
Q3_USER_APB_PENABLE Output 1

Q3_USER_APB_PADDR Output 24

Q3_USER_APB_PWDATA Output 32

Q3_USER_APB_PRDATA Input 32

Q3_USER_APB_PREADY Input 1

Q3_USER_APB_PSLVERR Input 1
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Signal Name

Direction

Width

Description

Instance Q3: APB Modules

in_Q3_ram_usr_wren_w Input 1
in_Q3_ram_usr_addr_w Input 6
in_Q3_usr_apb_start_w Input 1
in_Q3_usr_apb_addr_w Input 24
in_Q3_usr_apb_write_w Input 1
in_Q3_usr_apb_pwdata_w Input 32

Connect from the drivers in the
Functional Verification Testbench,
applicable only when debugging
the APB modules in the example
design.

For functional use case, initialize
each signal to 0.

JTAG Interface

jtag_vio_CAPTURE Input 1
jtag_vio_DRCK Input 1
jtag_vio_RESET Input 1
jtag_vio_RUNTEST Input 1
jtag_vio_SEL Input 1
jtag_vio_SHIFT Input 1
jtag_vio_TCK Input 1
jtag_vio_TDI Input 1
jtag_vio_TMS Input 1
jtag_vio_UPDATE Input 1
jtag_vio_TDO Output 1

Connect from the drivers in the
Functional Verification Testbench,
applicable only when debugging
the APB modules in the example
design.

For functional use case, initialize
each signal to 0 and leave the
output port unconnected.

Example Design Checker

PASS_STATUS

Output

Connect to the scoreboard
or checker in the Functional
Verification Testbench.
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File Name

Description

efx_ethernet_10g_exp.sv

Example design of top-level wrapper.

<user_given_ip_name>.sv(7)

The generated Ethernet 10G MAC file based on user configuration
in Efinity IP Manager.

efx_ethernet_10g_exp.sdc

Constraint file for example design.

efx_q1_rom_mif.mem

APB ROM initialization Hex file for Quad 1.

efx_q3_rom_mif.mem

APB ROM initialization Hex file for Quad 3.

efx_q1_rom_mif_an.mem

APB ROM initialization Hex file for Quad 1. To be used with
AN_ENABLE macro.

efx_qg3_rom_mif_an.mem

APB ROM initialization Hex file for Quad 3. To be used with
AN _ENABLE macro.

efx_mac10g be_exp_apb_master.vm

APB master controller module.

efx_mac10g be_exp_apb_halt.vm

APB halt controller module.

efx_mac10gbe_exp_pat_gen.v

Pattern generator module.

efx_mac10gbe_exp_checker.sv

Checker module to validate data received.

efx_resetsync.v

Reset the synchronizer module.

efx_asyncreg.v

Asynchronous register module.

debug_top.v

Verilog file for EFX debug module.

debug_profile.json

Virtual I/0 Debugger core file. Load this file in the Efinity Virtual
I/0 Debugger to customize the example design. See
on page 67.

) This module is encrypted.
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Virtual I/0 Debugger Settings

This example design has a plug-in interface known as Virtual I/O Debugger. This interface

allows you to download the bitstream to your device. After the downloads are complete, you

can use the Virtual I/O Debugger interface to probe and control the signals of the example

design. To control the settings, refer to Virtual I/O Debugger settings.

page 67.

Table 9: VIOO: General Signals Settings

Important: The Virtual I/O Debugger is available if the VERIF macro is disabled.

Note: In the following table, the signal names are prefixed with gl , g1 12 , g3 , and
g3 12 to indicate and distingush these instances. For detailed signal description, refer to

and tables on the settings in

on

Signal Name Width

Probe /
Source

Description

pll_locked 1

Probe

Lock signal from PLL, indicating that the clock
sources (INIT_CLK, Q1_APB_CLK, Q3_APB_CLK
and DEBUG_CLK) are stable. Refer to

on
page 57.

This signal starts the operation of the example
design, where the assertion of PLL_LOCK releases
the resets in the Ethernet 10G MAC core and the
FPGA PCS.

PASS_STATUS 1

Probe

Status of checkers. The passing criteria of checkers
may vary, depending on the macro enablement.
The assertion of this signal signifies that all the
passing criterias are met.

Table 10: VIOO: KR Training Interface Settings

Signal Name Width | Probe / Description
Source

Instance Q1 Lane 2 Refer to the signal description in Signals
o1_12_kr training 1 Probe per Lane table in the Signal chapter of
q1_12_kr_frame_lock 1 Probe
q1_12_kr_local_rx_trained 1 Probe
g1_12_kr_signal_detect 1 Probe
q1_12_kr_training_failure 1 Probe

Instance Q3 Lane 2
g3_I2_kr_training 1 Probe
g3_12_kr_frame_lock 1 Probe
g3_12_kr_local_rx_trained 1 Probe
g3_12_kr_signal_detect 1 Probe
g3_12_kr_training_failure 1 Probe
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Signal Name

Width

Probe /
Source

Description

Instance Q1 Lane 2 and Q3

Lane 2

q1_l2_restart_kr_training_IN

Source

g3_I2_restart_kr_training_IN

Source

Refer to Power-Up Sequence and Asserting

signal ok figures for signal behavior
in the Power Up Sequence chapter of

Efinix recommends that you control this signal
column by selecting Active-High from a drop-down

list in the control column.

Table 11: VIOO: PCS Interface Settings

Signal Name

Width

Probe /
Source

Description

Instance Q1 Lane 2

g1_12_block_lock 1 Probe
g1_12_hi_ber 1 Probe
q1_12_irqg 1 Probe
g1_12_pcs_status 1 Probe
q1_12_phy_interrupt 1 Probe
Instance Q3 Lane 2
g3_12_block_lock 1 Probe
g3_I2_hi_ber 1 Probe
g3_12_irq 1 Probe
g3_12_pcs_status 1 Probe
g3_12_phy_interrupt 1 Probe

Refer to the signal description in Signals
per Lane table in the Signal chapter of
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Table 12: VIOO: Ethernet 10G MAC Interface Settings

Instance Q1 Lane 2

Signal Name Width Probe / Description

Source

ql_cmn_ready 1 Probe | Refer to the signal description

T | Probe |y ponerelresisrer ebler

g1_12_rx_signal_detect 1 Probe

g1_12_cnt_rst_n 1 Source

g1_I2_cnt_tx_frame_transmitted_good 32 Probe

q1_12_cnt_tx_frame_pause_mac_ctrl 32 Probe

g1_12_cnt_tx_frame_error_txfifo_overflow 32 Probe

g1_12_cnt_tx_frame_is_fe 32 Probe

g1_12_cnt_rx_frame_received_good 32 Probe

q1_12_rpt_rx_frame_length 14 Probe

q1_12_cnt_rx_frame_error_fcs 32 Probe

q1_12_cnt_rx_frame_pause_mac_ctrl 32 Probe

q1_12_cnt_rx_frame_errors 32 Probe

g1_I2_cnt_rx_frame_received_total 32 Probe

q1_12_cnt_rx_frame_undersized 32 Probe

q1_12_cnt_rx_frame_oversized 32 Probe

q1_12_cnt_rx_frame_mismatched_length 32 Probe

q1_12_cnt_rx_frame_filtered_by_address 32 Probe

q1_12_tx_pause_busy 1 Probe

q1_l2_rx_pause_ignore 1 Source

g1_12_rx_address_filtering_mask 48 Source

q1_l2_tx_pause_gen 1 Source

q1_l2_tx_pause_quant 16 Source
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Table 13: VIOO: Ethernet 10G MAC Interface Settings

Instance Q3 Lane 2

Signal Name Width Probe / Description

Source

g3_cmn_ready 1 Probe | Refer to the signal description

T | Probe |y ponerelresisrer ebler

g3_I2_rx_signal_detect 1 Probe

g3_l2_cnt_tx_frame_transmitted_good 32 Probe

g3_l2_cnt_tx_frame_pause_mac_ctrl 32 Probe

g3_I2_cnt_tx_frame_error_txfifo_overflow 32 Probe

g3_12_cnt_tx_frame_is_fe 32 Probe

g3_12_cnt_rx_frame_received_good 32 Probe

g3_I2_rpt_rx_frame_length 14 Probe

g3_12_cnt_rx_frame_error_fcs 32 Probe

g3_12_cnt_rx_frame_pause_mac_ctrl 32 Probe

g3_I2_cnt_rx_frame_errors 32 Probe

g3_l2_cnt_rx_frame_received_total 32 Probe

g3_l2_cnt_rx_frame_undersized 32 Probe

g3_I2_cnt_rx_frame_oversized 32 Probe

g3_l2_cnt_rx_frame_mismatched_length 32 Probe

g3_I2_cnt_rx_frame_filtered_by_address 32 Probe

qg3_I2_tx_pause_busy 1 Probe

g3_12_cnt_rst_n 1 Source

g3_l2_rx_pause_ignore 1 Source

g3_l2_rx_address_filtering_mask 48 Source

g3_l2_tx_pause_gen 1 Source

g3_l2_tx_pause_quant 16 Source
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Table 14: VIOO0: Q1 and Q3 APB Interface and Status Settings

Signal Name Width | Probe / Description
Source
q1_apb_rom_end 1 Probe |The assertion of this signal indicates that all the
43_apb_rom_end 1 Probe ;g&g;;atelsgcietz:;gs stored in the built-in APB
q1_usr_apb_start 1 Source | This signal enables you to manually trigger APB
g3_usr_apb_start 1 Source requests.

Pre-requisite: Before asserting this signal, you need
to ensure that signal g1 _apb_rom_end is asserted,
indicating that the APB master is available to grant
the APB commands from this signal.

Efinix recommends that you control this signal
column by selecting Active-High from a drop-down
list in the control column.

This signal operates based on its rising edge,
i.e., the assertion of this signal triggers 1 APB
request. Prior to the assertion of this signal, APB
signals (usr_apb_write, usr apb addr, and
usr_apb_ pwdata) need to be assigned and
stable.

To trigger another APB request, this signal needs
to return to 0 first, then re-assert to trigger the
subsequent APB request.

q1_usr_apb_write 1 Source | APB write.
q1_usr_apb_addr 24 Source | APB address.
q1_usr_apb_pwdata 32 Source | APB write data.
g3_usr_apb_write 1 Source | APB write.
g3_usr_apb_addr 24 Source | APB address.
g3_usr_apb_pwdata 32 Source | APB write data.

Table 15: VIOO: Q1 and Q3 User APB Settings

Signal Name Width | Probe / Description
Source
gl_ram_usr_wren 1 Source | Drive this signal to permanent 0 to retrieve the APB
PRDATA with the corresponding APB_PADDRESS
q3_ram_usr_wren L Source | fom the builtin APB RAM.
ql1_ram_usr_addr 5 Source | Every APB read operation stores the APB PRDATA

and the APB_PADDRESS into the built-in APB RAM
in an ascending order.

gl_ram_dout_a 24 Probe |If you set the ram_usr_addr to 'h00, the ram_dout_d
and ram_dout_a respectively display the APB

g1_ram_dout_d 32 Probe

g3_ram_usr_addr > | Source | pRDATA and APB_PADDRESS of the 1% APB read
g3_ram_dout_d 32 Probe |command. Setting ram_usr_addr to 'h01 displays

the results of the 2" APB read command, and so
g3_ram_dout_a 24 Probe | 5.
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Signal Name Width | Probe / Description
Source
Checker: RX TUSER The assertion of this signal indicates that there is no
in the RX data path.
Q1_L2_rx_tuser_pass 1 Probe erro.r |n. N ) é ? pZ? )
If this signal is 0, it indicates that there are errors in
Q3_L2_rx_tuser_pass 1 Probe |the RX PCS or/and Ethernet 10G MAC core.
Checker: Error Frame at TX The assertion of this signal indicates that there is no
f in the RX data path.
Q1_L2_fe_pkt_pass 1 Probe | O ramentne atapa
Q3_L2_fe_pkt_pass 1 Probe
Checker: KR Training Status The assertion of this signal indicates that the 10G-
KR link training i ful.
Q1_L2_kr_training_pass 1 Probe nictraining 1s successi
Q3_L2_kr_training_pass 1 Probe
Checker: PCS Fault Status The assertion of this signal indicates that both the
TX and RX paths in the 10G PCS are fault free.
Q1_L2_pcs_fault_pass 1 Probe an pathsin ? .aré al.J ree
Refer to the status register description in Status
Q3_L2_pcs_fault_pass 1 Probe |Register table inthe Register Map chapter of the
Checker: Phy Interrupt The assertion of this signal indicates that during the
) PHY power up handshake, the transition of the PHY
Q1_L2_phy_interrupt_pass ! Probe power state transition are per expectation.
Q3_L2_phy_interrupt_pass 1 Probe
Checker: Auto Negotiation The assertion of this signal indicates that
a1 L2 1 Prob the 10G PCS has achieved successful auto
—Ls-auto_nego_pass rob€ | hegotiation with link partner. Refer to
Q3_L2_auto_nego_pass 1 Probe |the auto negotiation link partner register

description inusxgmii_an lp register
table in the Register Map chapter of the
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Ethernet 10G MAC Testbench

The IP Manager also generates encrypted source code to allow you to simulate with various
simulators for verification.

To generate the testbench deliverables:

1.
2.
3.

Create a new project.

Select the Ethernet 10G MAC Core from the IP Catalog and set your configurations.
In the Deliverable tab, ensure that you turn on one (or more) of the following:

* Testbench

e Testbench/ncsim

* Testbench/synopsys

e Testbench/aldec

* Testbench/modelsim

Click Generate.

The testbench deliverables are available in <project path>\ip\<ip-module-name>
\Testbench directory.

Contact support at the to obtain the testbench for the Ethernet 10G MAC
core with the FPGA PCS.

Note: The Ethernet 10G MAC core testbench is available in Efinity software version 2024.2.294.1.19 and

later.
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Acronyms and Abbreviations

Table 17: Acronyms and Abbreviations

Term

Definition

APB

Advanced Peripheral Bus

AXI ST

Advanced eXtensible Interface Streaming

CRC

Cyclic Redundancy Check

EOF/EOP

End of Frame/End of Packet

FCS

Frame Check Sequence

FPGA

Field Programmable Gate Array

IPG

Inter Packet Gap or Inter Frame Gap

MAC

Media Access Control

MTU

Maximum Transfer Unit

PCS

Physical Coding Sublayer

PHY

The Physical Layer (the first and lowest layer in the seven-layer OSI
model)

PLL

Phase Locked Loop

RX

Receiver Channel

SFD

Start Frame Delimiter

SOF/SOP

Start of Frame or Start of Packet

TX

Transmit Channel

XGMII

10 Gigabit Media Independent Interface
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Table 18: Revision History
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Date

Document
Version

IP Version

Description

November 2025

1.5

1.4

Updated figure Top-Level Module for Efinity
Compilation. (DOC-2754)

June 2025

1.4

1.4

Updated device support. (SIP-957) (DOC-2566)

Updated more details in example design. Updated
figure Example Design for Ethernet 10G MAC Core.

Updated figure Conversion from XGMII RX to RX AXI
ST, Cut Through Mode, Silent Drop of Broadcast RX
Frame, Priority at XGMII TX between TX_PAUSE_GEN
and TX_AXI_ST, Priority Flow Control at XGMII TX, Link
Condition - Detection and Transmission, Faulty Link
Condition during Pause Mode with RX_QUANT, RX
AXl Interface during Faulty Link Condition, RX Statistic
- RX Pause Frame, and Top-Level Module for Efinity
Compilation.

May 2025

1.3

1.3

Added TX_PKT_CNT_DW in Customizing the Ethernet
10G MAC. (DOC-2539)

Updated Cut Through Mode and Assertion of
TX_AXI_TUSER topic.

May 2025

1.2

1.2

Added new standard in Features. (DOC-2510)
Added note in Programmable Inter Packet Gap (IPG)

Changed topic title of Auto Padding for Short TX
Frames to Automatic Padding for Short TX Frames.

Updated the following topics - Resource Utilization,
Ethernet Packets, Frames, and IPG, TX AXI ST 64,

RX AXI ST 64, XGMII TX, XGMII RX, Store Forward
Mode, Automatic Padding for Short TX Frames, Non-
Compliant TX_AXI_TLAST, Assertion of TX_AXI_TUSER,
Non-Streaming TX Data, Dropped TX_AXI_TVALID
Before End of Frame, Undersized RX Frame, Send
Pause Frame at TX, Decoding Pause Frame at RX, Link
Fault Sequence, and Latency.

Updated
on page 24,
on page
25,
on page 26,
on page 27,
on page 37,
on page 39, and
on page 39
Added
on page 19 and
on page 34.

Updated Customizing the Ethernet 10G MAC.
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Date

Document
Version

IP Version

Description

February 2025

1.1

1.1

Added Example Design and Testbench topics.

Updated topics - Reset Signals, Non-Compliant
TX_AXI_TLAST, Link Fault Sequence, XGMII RX, Cut
Through Mode, Store Forward Mode, Dropped
TX_AXI_TVALID Before End of Frame, TX FIFO
Overflow, Address Filtering and Broadcast Filtering at
RX, Decoding Pause Frame at RX, Statistic Reporting,
cnt_tx_frame_is_fe, cnt_tx_frame_error_ txfifo_overflow,
cnt_rx_frame_filtered_by_address, and error
rpt_rx_frame_length.

Added important note in Power Up Handshake with
FPGA Transceiver.

Updated note in Data Streaming Mode for
Transmission and Virtual I/0O Debugger Settings topic.

Added and updated note in Decoding Pause Frame at
RX.

Updated statement in rpt_rx_frame_length topic.
Corrected link at Interface Designer.

Updated
on page 39,

on page 4,
on page 7,
on page 8,
on page 10.
Redesigned tables in Virtual I/0O Debugger Settings
topic.
Updated
on page 31.
Updated
on page 43,
on page 43,
on page 44,
on page 44,
on page 45,

on page 46, and
on page 47.(SIP-827)

December 2024

1.0

1.0

Initial release. (DOC-2163)
Added IP Version in Revision History. (DOC-2185)
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