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AN 077: USXGMII Example Design Application

Introduction

This example design demonstrates a simple Ethernet operation using the USXGMII Multirate
Ethernet core in conjunction with the Ethernet 10G MAC core. The design showcases data
transmission and reception through a straightforward loopback mechanism, providing a
reference for system integration and validation.

The USXGMII Multirate Ethernet core supports IEEE Std 802.3 Clause 37 Auto-Negotiation
(AN-37), enabling operation across multiple data rates, which include 10G, 5G, 2.5G, 1G, and
100M. This capability allows dynamic selection of link speeds across the supported data rates.

[ﬂ Learn more: This application note is for advanced users. If you are a beginner, refer to the following
documents for better understanding on the software and hardware applications:
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Requirements

Use the Titanium Ti375 N1156 Development Kit which includes the following:

USB Type-C to Type-A cable

12V, 6.25 A universal power adapter with 5.5 mm DC power converter
Cooling fan

Thermal pad

Jumpers

4 standofTs

Additionally, you need the following hardware for this demonstration:

*  Windows- or Linux-based computer with a 10 Gigabit Ethernet SFP+ port.

@ Note: Efinix had tested the example design on an Intel NIC X520-10G-xS-X8 with
SFP+ port, and Wavelink 5 Gbps PCle Network Card WL-NWPO003 with an RJ-45
connector.

Ethernet modules:

— Two SFP+ modules supporting USXGMII (required for board-to-board or board-to-
computer communication). Efinix uses the following SFP+ modules for hardware
testing:
~  One FS SFP-10GM-T-30 Generic compatible 10M/100M/1G/2.5G/5G/10Gbps

NBASE-T SFP+ copper 30m R]-45 transceiver module.

~ One F-tone FTCS-10G-T-USXGMII 100M/1G/2.5G/5G/10Gb Copper-T R]-45
30M transceiver module.

Ethernet cables:
— Fiber optic cable (required if the SFP+ modules are optical modules).

— CATS6 or superior copper cable (required if the Ethernet modules support RJ-45
connector).

Software

This example design runs on:

Efinity software v2025.2.288.4.15 or later.
Efinity” RISC-V Embedded Software IDE v2025.2.0.4

Additional software:

A Wireshark software to monitor the Ethernet packet traffic.

This example design includes Eth Example Python script. Users must install Python on
the target machine to run the Eth Example script. The Eth Example script has been tested
with Python version v3.14.0.

www.efinixinc.com 4
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Functional Description

The example design implements USXGMII in quad 1 lane 2 using the USXGMII Multirate
Ethernet core and the Ethernet 10G MAC core.

For this example design, the USXGMII Multirate Ethernet core is responsible for handling
the data rate change. The USXGMII Multirate Ethernet core is a soft IP that implements 5
data rates of 10G, 5G, 2.5G, 1G, and 100M.

The Ethernet 10G MAC core is a configurable core that supports Ethernet speeds of up to

10 Gbps in full-duplex mode. It complies with the IEEE Std. 802.3-2008 specification and
operates at 156.25 MHz. The Ethernet 10G MAC core used in the example design includes
hardware support for MAC address filtering, enabling the system to selectively accept or
discard incoming Ethernet frames based on their destination MAC address. This feature helps
reduce unnecessary processing by ensuring that only relevant traffic is forwarded to higher
layers of the system.

Figure 1: Design Data Flow

FPGA

Sapphire_SoC

APBi
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Ethernet TX ——=——» Ethernet 10G — ————» USXGMII Multirate —————» Computer
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USXGMII Sapphire SoC Workflow

The following workflow shows the operation of the Ethernet 10G MAC core and USXGMII
Multirate Ethernet core, configured using a Sapphire SoC. The Saphire SoC communicates
with the USXGMII Multirate Ethernet core through the APB interface. The Sapphire SoC
performs the initialization and configuration to enable an interrupt signal that is connected
to the IRQ transceiver. When the transceiver IRQ is triggered, the Sapphire SoC resets the
Ethernet 10G MAC core and updates it with a new USXGMII data rate.

Learn more: For more details on the Sapphire SoC configuration workflow, refer to the Sapphire SoC
Configuration Guideline in

Figure 2: USXGMII Soft SoC Workflow
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The following details the workflow of the USXGMII soft SoC:

1.

Configure the USXGMII to enable the TX and RX by writing 1 'b0 to
rx_sync_reset and writing 1 'b1 to tx_datapath enand signal ok. These
bits are available in control register[2:0].

Clear status_register status by writing 1 'b1 into ctc_o_u_ flow,

hi bit error, tx fault,and rx_fault.

Configure the Sapphire SoC INT interrupt.

Enable USXGMII interrupt by writing 1 'b1 to usxgmii new link info en
and usxgmii link sts upd en. These bits are available in
interrupt enable register[25:24].

Wait for the INT interrupt to happen.

When an interrupt happens, reset the MAC.

Periodically poll for usxgmii new link info until the returned value

is 1 "b1 to indicate the USXGMII new link. This bit is available in the
interrupt status register([25].

Then, periodically poll for the usxgmii link sts_up until the returned value is
1'b1 to indicate that the link status update has been completed. This bit is available in
interrupt status register([24].

www.efinixinc.com 6
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9. Then, periodically poll for the an _complete until the returned value is 1 'b1 to
indicate that the USXGMII auto-negotiation has been completed. This bit is available in
status register[1l].

10. After a new link is established, the current speed is read.

11. Next, configure the usx_speed with the new USXGMII speed. These bits are available
in control register[16:14].

12.Poll the block lock until the returned value is 1 'b1 to indicate that the USXGMII
has achieved block synchronization. This bit is available in status register[0].

13.Finally, clear the status register status, clear the INT interrupt, and release the
MAC.

14.Return to step 5. Wait for the INT interrupt to happen.

Eﬂ Learn more: For details on the registers used, refer to the Register Map chapter in the

www.efinixinc.com 7
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Timing Constraints

The USXGMII Multirate Ethernet core requires timing constraints for its clock division
module, TX FIFO, and RX FIFO.

Clock Constraints

The following constraints create clock and create generated clock are
forL<x> PCS CLK and L<x> MAC CLK, where x is the lane number 0, 1, 2,
and 3. In the following example, Q1 L2 PCS CLK refers to L<x> PCS CLK, and
Q1 L2 mac clk div2and Q1 L2 mac clk div4 refersto L<x> MAC CLK.

Figure 3: Example Constraint create clock and create generated clock

create_clock -period 6.4 -name Q1 L2 PCS_CLK [get ports {Ql L2 PCS_CLK}]

create generated clock [get pins inst Ql usxgmii an/u efx usxgmii an 37/genblky.inst 12/
inst clkdiv/mac_clk div2~FF|[Q] \

-source [get ports Q1 L2 PCS CLK] \

-divide by 2\

-name Q1 L2 mac_clk _div2

create generated clock [get pins inst Ql usxgmii an/u efx usxgmii an 37/genblky.inst 12/
inst clkdiv/mac_clk div4~FF|Q] \

-source [get ports Q1 L2 PCS CLK] \

-divide by 4 \

-name Q1 L2 mac_clk _div4

Refer to the Clock Sources section in the
for more details.

Set False Path Constraints

You set the set _false path constraints for the USXGMII Multirate Ethernet core
FIFO. Use one constraint for each lane. The path constraints for the genblk <y>.inst 1<x>
where x and y values should be based on the following table.

Table 1: set_false_path x and y Values

Lane X y
0 0 4
1 1 3
2 2 2
3 3 1

Refer to the table of SDC instance names Timing Constraints: SDC of the
for more details.

www.efinixinc.com 8


https://www.efinixinc.com/support/docsdl.php?s=ef&pn=USXGMII-MULTIRATE-ETHERNET-CORE
https://www.efinixinc.com/support/docsdl.php?s=ef&pn=USXGMII-MULTIRATE-ETHERNET-CORE

AN 077: USXGMII Example Design Application

Figure 4: Example of set_false_path for Lane 2
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_path \
-from [get_pins inst Q1 usxgmii_ an/u_efx usxgmii an_37/genblk2.inst 12/cfg div2_ apb~FF|CLK]

[get pins inst Q1 usxgmii an/u efx usxgmii an 37/genblk2.inst 12/inst cfg div2/
async_reg*~FF|D]

path \

[get_pins inst Q1 usxgmii an/u_efx usxgmii an_ 37/genblk2.inst 12/cfg div4_ apb~FF|

[get pins inst Q1 usxgmii an/u efx usxgmii an 37/genblk2.inst 12/inst cfg div4/

async_reg*~FF|D]

path \

[get_pins inst Q1 usxgmii an/u_efx usxgmii an_37/genblk2.inst 12/s_cfg div2 diff/

toggle src~FF|CLK] \

[get pins inst Q1 usxgmii an/u efx usxgmii an 37/genblk2.inst 12/s cfg div2 diff/

genblkl.efx _asyncreg toqqle src/async reg*~FF |D]

_path \
[get_pins inst Q1 usxgmii an/u_efx usxgmii an_37/genblk2.inst 12/s_cfg div4 diff/

toggle src~ FF[CLK] \

[get_pins inst Ql usxgmii an/u_efx usxgmii an 37/genblk2.inst 12/s cfg div4 diff/

genblkl.efx asyncreg toggle src/async reg*~FF|D]

path \
[get pins inst Q1 usxgmii an/u efx usxgmii an 37/genblk2.inst 12/inst tx rpl/
inst fifo tx rpl/xefx fifo ctl/async clk.waddr cntr gry r*~FF|CLK] \
[get_pins inst Ql usxgmii an/u_efx usxgmii an 37/genblk2.inst 12/inst tx rpl/
inst fifo tx rpl/xefx fifo ctl/async_clk.wr2rd addr sync/async_reg*~FF|D]

path \
[get pins inst Q1 usxgmii an/u efx usxgmii an 37/genblk2.inst 12/inst tx rpl/
inst fifo tx rpl/xefx fifo ctl/async clk.raddr cntr gry r*~FF|CLK] \
[get _pins inst Ql usxgmii an/u_efx usxgmii an 37/genblk2.inst 12/inst tx rpl/
inst fifo tx rpl/xefx fifo ctl/async_clk.xrd2wr addr sync/async_reg*~FF|D]

_path \

[get pins inst Q1 usxgmii an/u efx usxgmii an 37/genblk2.inst 12/inst rx rpl/
inst fifo rx rpl/xefx fifo ctl/async clk.waddr cntr gry r*~FF|CLK] \

[get _pins inst Ql usxgmii an/u_efx usxgmii an 37/genblk2.inst 12/inst rx rpl/
inst fifo rx rpl/xefx fifo ctl/async_clk.wr2rd addr sync/async_reg*~FF|D]

path \
[get pins inst Q1 usxgmii an/u efx usxgmii an 37/genblk2.inst 12/inst rx rpl/
inst fifo rx rpl/xefx fifo ctl/async clk.raddr cntr gry r*~FF|CLK] \
[get _pins inst Ql usxgmii an/u_efx usxgmii an 37/genblk2.inst 12/inst rx rpl/
inst fifo rx rpl/xefx fifo ctl/async_clk.xrd2wr addr sync/async_reg*~FF|D]

www.efinixinc.com
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Setting Up the Hardware

The section guides you in setting up the Titanium Ti375 N1156 Development Board to a computer via SFP +
module, and setting the jumpers on the board.

@ Important: Turn off the power supply before connecting the connectors on your computer and the
Titanium Ti375 N1156 Development Board.

Figure 5: Visual Overview of Hardware Setup

USB Type-C to Type-A Cable

Fiber or P4OIZ|O O@O
RJ-45 Cable I
USB1 J7 E E E J18 J1 12V Power Adapter |
J6
J12
. !
J1 @ Ti375 Ti375 N1156 Development Board
SFP+ Module
J10
J9 H oC_Jo oo
| —

Follow these steps to setup your hardware for the demonstration design:

1. Ensure that the jumpers are set as shown in the following table:

Header Pins to Short
Jé 5-6
7-8
J7 5-6
7-8
J18 5-6
7-8

2. Check your network interface card for the type of connector to use. Use a fiber, an RJ-45
cable, or a direct access copper (DAC) to connect the SFP+ modules on the computer to
the Titanium Ti375 N1156 Development Board.

3. Connect the SFP+ module (F-tone FTCS-10G-T-USXGMII) to the SFP+ port J11 on the
Titanium Ti375 N1156 Development Board.

4. Then, connect the other end to the network interface card, with SFP+ (FS SFP-10GM-
T-30) when connected to Intel NIC X520-10G-XS or connect the RJ-45 connector to the
Wavelink 5 Gbps PCle Network Card WL-NWP003.

5. Connect the USB header on the Titanium Ti375 N 1156 Development Board to a USB
port on your computer.

6. Ensure the 12V power adapter is turned off and connect to J1 port on the Titanium Ti375
N1156 Development Board. Turn on the 12V power adapter.

www.efinixinc.com 10
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Example Design Files

This example design does not include the Sapphire SoC application binary. The Sapphire
SoC has been loaded using the Custom On-Chip RAM Application. The Custom On-
Chip RAM Application is enabled in the Sapphire SoC to overwrite the default SPI Flash
bootloader with the user application. You do not need to load the application separately.

Figure 6: Custom On-Chip RAM Application

fml IP Configuration - =) Py
Module Name: |sapphire_soc D)
efy_soc330 SOC | Cache/Memory | Debug UART SPI I2C GPIO APB3 AXI4 Userinterrupt  UserTimer  Watchdog Timer = Base Address  Delive « »
Data Cache Size 4KB =
Instruction Cache Way 1 -
Instruction Cache Size 4KB M
External Memory Interface Options
Notes:
1. The default external memory interface is AXI3 half-duplex.
2. The T120r324 development kit example design only supports 128 and 256 data widths.
3. The TIGOF255 development kit example design only supports 32, 64, 128 and 256 data widths.
S PEEaTe 4. The Ti180)484 and T2170484 development kit example designs only supports AXI4 full-duplex interface of 256 and 512 data widths.
External MEMD!’y Interface Include the external memary AXI interface.
' “ On-Chip RAM Options
0On-Chip RAM Size 160 KB v
Custom On-Chip RAM Application V! Overwrite the default SPIflash bootloader with the user application.
User Application Path alone/eth10g_softsoc_mdio/build/eth10g_softsoc_mdio.hex Browse
v Show Confirmation Box 00C Module Generate Close
The Custom On-Chip RAM Application to overwrite the default SPI flash
bootloader with the image file stated in the User Application Path.
Table 2: Design Example Files and Directories
Folder Description
rtl Folder containing common RTL files for the project.
embedded_sw\sapphire_soc\software Folder containing soft_SoC project files.
\standalone\eth10g_softsoc_mdio
ip Folder containing IP.
bitstream Folder containing pre-compiled bitstream.

www.efinixinc.com 11
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Programming the Board

Before programming the board, download the example design files from the

website.

Follow these steps to program the Titanium Ti375 N1156 Development Board with the
bitstream.

1.
2.

Open the Efinity software.

Browse to the file path < path>/usxgmii eth10g_softsoc_mdio.xml to open the
project file.

Open the Efinity Programmer.

Choose Programming Mode > SPI Active using JTAG Bridge.

For the Bitstream File, browse to the /bitstream folder and select
eth10g_softsoc_mdio.hex.

Click Start Program to begin programming the Titanium Ti375 N1156 Development
Board with the selected bitstream file.

Press the SW2 CRESET N button on the Titanium Ti375 N 1156 Development Board to
reset the FPGA.

www.efinixinc.com 12
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Running the Example Design

This section describes how to run various hardware tests. You should already be familiar
with Efinity RISC-V Embedded Software IDE, Efinity Programmer,and Debugger. For more
information on the Efinity Programmer, refer to the .

USXGMII Speed Test Readback

The example design prints the connection status onto the serial terminal. You can use any
terminal programs, such as Putty, Termite, or the built-in terminal in the Efinity RISC-V
Embedded Software IDE, to connect to the UART. The following instructions explain how
to use the built-in terminal. These instructions are similar for the other terminal programs.

1. Launch the Efinity RISC-V Embedded Software IDE. Choose Window > Show View >
Terminal.

2. Click Open a Terminal button.

3. Once the Launch Terminal window is launched, set the following:

Figure 7: Launch the Terminal

¥ Launch Termina O
Choose terminal: |Serial Terminal v
Settings

Serial port; | COM5 v|
Baud rate: | 115200 v|
Data size: 8 v
Parity: None ~
Stop bits: 1 v
Encoding: Default (ISO-8859-1) v

@ Cancel

* In Choose Terminal, choose the Serial Terminal option.
* In Serial port, choose COMn, where 7 is the port number for your UART module.
e Other settings can remain as default.

4. Click OK and the terminal opens up a connection to the UART.

www.efinixinc.com 13
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The computer receives data from the Titanium Ti375 N1156 Development Board and prints
out the status on the terminal. You can change the link speed on the computer side and watch
the auto-negotiation restarting and adjusting to the new speed.

Figure 8: Computer Terminal Status

i Problems. &) Tasks 1@ Consobe T Properties  4® Terminal x
B CoMs =

Info :
Info :
Infa :
Info :
Info @
Info :
Info :
Info =
Info :
Info @
: usxgrii register 0xCO00200 is Ox803010032
Info :
Info :
Info :
Info @
Info :

Info

INT

an_complete status is
an_complete status is
an_complere sratus is
an_complete status is
an_complete status is
an_complete status is
an_complete status is
an_complere srarus is
an_complete status is
usxgnii speed is 100M

- E-R-X-1

Block leck is 1

uskgmii pes_searus is 0x33000003

usxgrii pcs_status is Ox00000003

usxgnii intr clear OXCO0260 iz 000000000
uswgrii cfg done!

Mormal Work,Waiting Interrupt.

EREER R R R R R R R

INT

Info
Info :

Info

INT

Interrupt Trigger.Enter the Interrupt handing.
USKGMII mew link information seen.
usxgrii link sts upd is 0,0x02000000

: USKGMII link status update complete.
Infa :
Info :
Info :
Infe :
Info :
Infa :
Info :
Info @
Infe :
Info :
Infa :
Info :
Info @
Info :
Info :
Infa :

an_complere starus is
an_complete status is
an_complete status is
an_complete status is
an_complete status is
an_complere srarus is
an_complete status is
an_complete status is
an_complete status is
usxgrii speed is 106G
usxgmii regisver OeC00200 is Ox80311003
Block lock is 1

usxgmil pes_svatus is Ox38000003

uswxgrii pcs status is Ox00000003

usxgrii intr clear OxCO0ZE0 is Ox00000000
usegnii efg done!

Hormal Work,Waiting Interzupt.

R R RN

B

www.efinixinc.com
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Running Normal UDP Packets

The example design is intended to transmit UDP packets and supports multiple operating
modes. The transmit packet can be customized in the vio0 tab. You can configure the UDP
packet test that supports incremental pattern generation, random packet generation, and
loopback test using the Python script. Refer to on page
18 for more details. Use the Q1_L2 pat_type to configure the different tests:

°* Q1 L2 pat_type = 0, for incremental pattern.

* Q1_L2 pat type = 1, for random pattern.

* Q1_L2 pat type = 2, for loopback test (used with Python test in the following section).

To send the UDP packets, follow these steps:
1. Launch the Wireshark application.
2. Open the Efinity Debugger.

3. Click Connect Debugger button in the Efinity Debugger to link the Debugger to the
Titanium Ti375 N1156 Development Board.

4. In the vioO tab, ensure that the Q1_L2 pat_type is set to O for incremental pattern.
5. Set the Q1_L2 patgen to Toggle. When Q1_L2 patgen is asserted high, packet

transmission is initiated.

www.efinixinc.com 15
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The number of packets transmitted is determined by Q1 L2 pat gen num.
If Q1 L2 pat gen num is set to O, packets are transmitted continuously until
Q1_L2 patgen is deasserted.

Figure 9: Running the UDP Packets

* Efinity Debugger - C:\dev\git\efx_serdes_solutions\usxgmii\debug_profile.wizard.json
File Options Perspectives Help

vio0
vio0
Name Type Radix Value Control @
$1Q1_L2_patgen Source 1 | Bin v ‘I "¢ To Low \Toggle
;Q1_L2_pat_type Source 2 | Hex v ‘1 ’Hex
EQ1_L2_pat_gen_num Source 20 | Hex v ‘00005 ‘ Hex
1 Q1_L2_pat_gen_ipg Source 16 Hex v ‘0064
E Q1_L2_src_mac Source 48 | Hex v ‘ae3320200080
3 Q1_L2_dst_mac Source 48 | Hex v ‘183d2d1e7c98
E Q1_L2 src_ip Source 32 | Hex v ‘ c0a80164
1Q1_L2.dstip Source 32 'Hex - c0a80165
z Q1_L2_src_port Source 16 | Hex v ‘ 07d0
E Q1_L2_dst_port Source 16 [ Hex v ‘ 07d0
1 Q1_L2_mac_dlen Source 16 | Hex v ‘0100
; pat_lpbk_axist_sel Source 1 | Bin > ‘0
z Q1_L2_rx_pause_ignore Source 1 | Bin v ‘0
; Q1_L2_tx_pause_gen Source 1 | Bin v ‘0
E Q1_L2_tx_pause_quant Source 16 | Hex v ‘ 0000
; Q1_L2_rx_address_filtering_... Source 48 | Hex v ‘ffffffffffff
; Q1_L2_cnt_rst_n Source 1 | Bin v ‘ 1
1 soc_interrupt_en Source 1 | Bin N ‘0
? rate_ready Probe 1 | Bin v ‘ 1
1 12_mac_speed Probe 3 | Hex v ‘1

Launch Wireshark to view the packets received from the UDP pattern generator, where a
fixed payload is sent. Here, you can see the data increments. Additionally, you can change the
packet size by modifying the Q1_L2 mac_dlen value.

www.efinixinc.com 16
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The output is shown in Figure 10: Viewing of Data Packets Received in Wireshark on
page 17.

Figure 10: Viewing of Data Packets Received in Wireshark

-
d Capturing from Ethernet - O X
Edit Vi Go Capture
FRL - TR E ] = =
‘{il.&pply a display filter ... <Ctrl-/>
MNa. Time Source Destination Protocol Length Info
1 ©.000000 192.168.1.100 192.168.1.101 uop 298 2008 -+ 20008 Len=256

> Frame 1: Packet, 298 bytes on wire (2384 bits), 298 bytes captured (23t 0000 18 3d 2d le 7c 98 ae 3a 20 20 0@ 30 08 0@ 45 0@ -

v Ethernet II, Src: ae:3a:20:20:00:80 (ae:3a:20:20:00:808), Dst: LCFCElecd| 9610 ©1 1c 6@ 06 80 60 82 11 2b b8 c@ a8 61 64 c6 a8 -
0620 01 65 07 db 07 d0 01 68 0O OO 00 00 0O 6O 0D BB .«

> Destination: LCFCElectron_le:7¢:98 (18:3d:2d:1e:7c:98) 9250 Woi G2 0 6O G5 75 60 6B GR Ch 60 &3 60 G o 6l

> Source: ae:3a:20:20:00:80 (ae:3a:70:20:00:80) 9040 | 93 00 B2 PO GO @0 90 00 B4 PO 90 00 09 99 @0 09

\Type: TPv4 (Bx0808) 0050 | 05 G0 00 00 DO G2 G0 A0 06 00 0@ 00 00 00 @0 00

[Stream index: @] 0050 | @7 @@ G0 00 PO G0 PG G0 03 G0 G0 00 00 GO 80 08

v Internet Protocol Version 4, Src: 192.168.1.100, Dst: 192.168.1.161 9078 | 69 06 00 @0 B0 G0 00 @0 Ba 60 G0 6O 02 06 60 0@

0108 . = Version: 4 2080 | b 00 G0 00 0O G0 0@ 00 Oc 00 00 0Q 0D @0 00 0O

0000 | ©d @2 00 00 PO G0 PG 00 Oe OO GO 00 0O GO 80 0@

- 0101 = Header Length: 20 bytes (5) 9020 | Of 00 GO 00 PO G0 06 00 10 00 00 00 0O 00 °0 09

> Differentiated Services Field: B8x89 (DSCP: CS@, ECN: Not-ECT) oeba | 11 G0 60 09 9P @0 A0 A0 12 A0 GO 90 °Q 00 @0 A9

Total Length: 284 B0co | 13 90 @8 @0 00 @0 00 00 14 00 00 00 00 90 @0 0@

Tdentification: 0x6668 (9) o0de | 15 66 60 0O GO 8O OB 00 16 GO G 00 PO 8 80 06

> 8aB. . = Flags: Bx® B6=0 | 17 G0 60 OA PO 80 0B 0B 18 0O B0 @0 0D 8O 80 0A

opte | 19 66 60 00 GO 60 06 00 1a GO GO 00 PO 6O 80 0

---8 B0BO B0OG 6006 = Fragment Offset: & 9100 | 1b @0 60 08 PP 0D @G G0 lc PO 0@ @8 0@ 00 00 B

Time to Live: 18 9110 | 1d 9@ 99 @@ 99 @0 @9 88 1c A0 00 A9 02 9O 00 99
Protocol: UDP (17) 0120 | 1f 00 00 PO GO 0O DO GO 20 0O

Header Checksum: @x2bb8& [correct]

[Header checksum status: Good]

[Calculated Checksum: @x2bb8]

Source Address: 192.168.1.188

Destination Address: 192.168.1.101

[Stream index: @]
> User Datagram Protocol, Src Port: 2080, Dst Port: 20808
v Data (256 bytes)

Data [..]: ©00000000060010000 0902000000 0003000 geeg

[Length: 256]

@ 7 Bytes 42-297 Data (datadata) || Packets: 1 | Profile: Defautt

www.efinixinc.com 17



AN 077: USXGMII Example Design Application

Setting Up Python on Windows

This example design comes with a simple Python read and write script that interfaces with
the FPGA. Before executing the Python script, you must establish communication between

the FPGA and the host PC.

Configuring the Network Device

The MAC physical address on your PC is used as the Ethernet 10G MAC core address
filtering. The MAC address is unique to the network card used. The Windows MAC address
can be obtained by following these steps:

1. Click the Start button on your PC's desktop.
2. Type Settings in the Search box.
3. Select Network & Internet.

@ Note: The Physical address (MAC) of your PC is set as the destination MAC in the
Efinity Debugger. See Configuring the Efinity Debugger on page 20.

Figure 11: Obtaining the MAC Address
Network & internet > Ethernet

E? Unidentified network
No internet

Authentication settings Edit

Metered connection of @ )
Some apps might work differently to reduce data usage when you're connected to this network —

Set a data limit to help control data usage on this network

IP assignment: Manual
IPv4 address: 192.168.1.101
IPv4 mask: 255.255.255.0
DNS server assignment: Automatic (DHCP) Edit
Aggregated link speed (Receive/  1000/1000 (Mbps) Copy
Transmit):
Link-local IPv6 address: feB0::388b:8479:7ffB:e9e5%7
IPv6 DNS servers: fec0:0:0:ffff:1%1 (Unencrypted)
fec0:0:0:fff:2%1 (Unencrypted)
fec0:0:0:ffff:3%1 (Unencrypted)
IPv4 address: 192.168.1.101
Manufacturer: Realtek
Description: Realtek PCle GbE Family Controller
Driver version: 1168.24.318.2025
| Physical address (MAC): 18:3D:2D1E:7C:98 |

4. Click the Edit button beside the IPv4 address to input the IP address that you plan to use.
In this example design, the IP address used is 192.168.1.101.

Note: The IP address used for the FPGA must match the IP address used in the
Python script.

www.efinixinc.com 18



Figure 12: Setting the Address in IPv4

Edit IP settings

Manual

IPv4
@ on

IP address

192.168.1.101

Subnet mask

255.255255.0

Gateway

Preferred DNS

DNS over HTTPS

Off

Alternate DNS

Save

Configuring the ARP Table

AN 077: USXGMII Example Design Application

An ARP (Address Resolution Protocol) table is essential to map logical IP addresses to
physical MAC addresses, enabling devices to communicate on a local area network (LAN).
It acts as a cache, reducing network congestion by eliminating the need to broadcast an ARP
request for every packet transmission. You must set up the ARP table to allow the installed
network device in the PC to communicate with the FPGA. This is because the FPGA does
not support ARP responses. You need to add a permanent ARP entry manually to your
operating system's ARP cache. This method prevents the operating system from issuing an
ARP request when sending a packet to an IP address.

1. Open a Command Prompt in Administrator mode.

2. Type netsh interface ipv4 add neighbors "Ethernet" "192.168.1.100"
"ae-3a-20-20-00-80" store =persistent” in the Command Prompt to map the IP address

and the MAC address.

3. Ensure the ARP table is set correctly by typing arp -a in the Command Prompt.

Figure 13: Generating the ARP Table

BEX Administrator: Command Prompt

- [m] X

C:\Windows\System32>netsh interface ipv4 add neighbors "Ethernet" "192.168.1.108" "ae-3a-20-20-00-80" store=persistent

C:\Windows\System32>arp -a

Interface: 192.168.1.101 --- @x7
Internet Address Physical Address Type
192.168.1.100 ae-3a-20-20-00-30 static
224.0.0.13 01-00-5e-00-00-0d static
224.0.9.22 01-00-5e-00-00-16 static
224.0.0.251 01-00-5e-00-00-fb static

www.efinixinc.com 19
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Configuring the Efinity Debugger

To configure the Efinity Debugger, follow these steps:

1. The MAC and IP address must match the values set in the Efinity Debugger. In the
Efinity Debugger, you must ensure that the MAC addresses, IP addresses, and ports are
configured correctly. The settings used in this example design are as follows:

* Fpga IP—192.168.1.100 (hexadecimal value of COA80164)

Host IP—192.168.1.101 (hexadecimal value of COA80165)

Source Port—2000

Destination Port—2000

2. Ensure that the Q1_L2 pat_type is set to 2 for loopback testing.

3. You may configure the number of packets sent to the host. You may either send a fixed

number of packets by configuring Q1_L2 pat_gen num, or send continuously by setting
Q1_L2 pat gen numto 0.

Figure 14: Settings in Efinity Debugger

vio0
vio0
Name Type Width Radix Value Control Comparator

1 Q1_L2 patgen Source 1 Bin > [ To High IToggIe =
IIQ1 _L2_pat_type Source 2 Hex v |2 " Hex v |
E|Q1 _L2_pat_gen_num Source 20 Hex v 100005 | Hex v ‘_
3 Q1_L2 _pat_gen_ipg Source 16 Hex v ‘ 0064 A
E Q1_L2_src_mac Source 48 Hex v ‘ 2e3a20200080 v -
1 Q1_L2 dst_ mac Source 48 IHe_x ~ 183d2d1e7c98 -
1|O1 L2 src ip Source 32 [ Hex - [cOaBO‘l 64 X -
11 2 dstip Source 32 | Hex - c0a80165 -
EQ1_L2_§rr._p0rr Source 16 | Dec v ‘02000 v -
$Q1_L2_dst_port Source 16 Dec v ‘02000
E Q1_L2_mac_dlen Source 16 I Hex ~* 0100 -
1 pat_lpbk_axist_sel Source 1 Bin = ‘0
1 Q1_L2 rx_pause_ignore Source 1 |Bin - ‘0 -
1 Q1_L2_tx_pause_gen Source 1 | Bin v |0
z Q1_L2_ix_pause_quant Source 16 Hex v JOOOO =
1 Q1_L2 rx_address _filtering_... Source 48 I Hex Abitiiiiiiig
E Q1 L2 cnt_rst_n Source 1 Bin v 11 -
1 soc_interrupt_en Source 1 I Bin - 10 _
E rate_ready Probe 1 I Bin = ‘ 1
E 12_mac_speed Probe 3 Hex v ‘ 1 -

www.efinixinc.com
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Configuring the Python Script

To use a different IP address and port, you need to configure the Python script:

1. Open the eth.py script in any editor of your preference. The Python script is in the /
scripts/ folder.

2. (Optional) Update the host, fpga, and port value if you want to use a value other than the
default.

Figure 15: Configuring the Host, FPGA, and Port in Python Script

= cthpy 2 E3
1 1BpoTE  THARTET A% - Tk
2 import - socken
import. tims
import - chreadling
import-binascia

182.168.1.101

ho=t-=
fpga-=-"192,1638,1. 1007
2 pork-=- 2003
TimeQue = 5000

11 date len-= 4

3. Save and close the file.

www.efinixinc.com 21



Remember: Ensure that the FPGA is configured correctly. Refer to

Remember: Referto

AN 077: USXGMII Example Design Application

Running the eth.py Script

The Eth Example Python script handles the UDP packet transmission and reception. You
can send and receive 32 bits of hexadecimal data (additional data is truncated). The Eth
Example Python script continuously reads and displays the incoming packet.

You need to configure the Efinity Debugger Q1 L2 pat_type = 2 for loopback testing and
set the Q1_L2 pat gen num = O for continuous mode. Then, toggle the Q1 _L2 patgen to

high when it is ready to start sending packets from the FPGA.

on page 20.

To run the eth.py script, follow these steps:

1. Open a command prompt or terminal and change to the directory filepath: <project

Jolder >\usxgmii\scripts\.
2. Type python eth.py and press Enter to launch the Eth Example Python script. An Eth

Example window shows up.

on page 18 to set the MAC and IP address.

Figure 16: Running the eth.py Script

¢ Eth Example — (m] X

Prepare to receive!

Send Data |
Close

3. Click Send Data after entering your desired value.

Figure 17: Sending Data from Eth Example

¢ Eth Example = (m] X

Received hex: abcd1234 PASS: 30 FAIL: 0

Send Data abcd1234
Close

4. Click the Close button in the Eth Example to close the socket connection.

www.efinixinc.com 22
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The example design includes a debug core. You can use the Efinity Debugger to view the
transceiver status and the Ethernet 10G MAC core statistic reports. Follow these steps:

1. In Efinity Debugger, click Connect Debugger to link the Debugger to the Titanium
Ti375 N1156 Development Board.

2. In the 1a0 tab, click Add Trigger Condition to add a trigger point. Choose the targeted
trigger condition from the list of available signals, e.g., Q1 L2 rx axis mac_tvalid.
Choose R(0-to-1 transition) to set the triggering condition value.

(Optional) If you need to add more trigger conditions, repeat steps 3 and 4.
Choose Trigger Condition to set the triggering conditions for multiple signals.
Click Run to start the Logic Analyzer.

S U W

Note: Refer to Using the Debug Perspective in for
detailed steps to view the waveform.

Results:

Upon completion, the Efinity Debugger produces a waveform when the triggerring
conditions are met. The tvalid is asserted whenever the Python script sends a valid packet
to the FPGA. See on page 23.

Figure 18: Debug Perspective GUI - Logic Analyzer

1a0

Run Run Continuous | |Run Immediate Stop 2

Core Status

Idle Waiting for Trigger I Post-Trigger Full
Capture Status
Segment 0 of 1 Segment sample 1028 of 4096 Total sample 1028 of 4096
Waveform Path |C:\dev\git\efx_serdes_solutions\usxgmii\la0_waveform.vcd () Overwrite v

Trigger Setup | Capture Setup
Trigger Mode Basic Only
Trigger Condition Global AND # Trigger |1 [1-1000]

Name Operator Radix Value Port

Q1_L2_rx_axis_mac_tvalid __ R(0-to-1... |probe7

Figure 19: Data Packet Waveform

B GTKWave - CAdev\gitief serdes L _continousved

File Edt Search Time Markers View Help

3 O aAaQ 9 kel € & | Fomfose To:f4095 ns & | Marker: 618 ns | Cursor: 544 ns

~ssT Signals Waves

top

Type | signals

Transmitted
Packet

fe:[
Append| msert | Replace | bl |«
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AN 077: USXGMII Example Design Application

You can observe that the number of transmitted and received frames through the

Q1 L2 cnt tx frame transmitted good and Q1 L2 cnt rx frame received good is

incremented. Additionally, the number of dropped error RX frames through address filtering
can be observed in Q1 L2 cnt rx frame filtered by address.

Learn more: For more information, refer to the Statistic Reporting section in the Ethernet 10G MAC Core

User Guide.

Figure 20: Transceiver Status and Ethernet 10G MAC Core Statistic Reporting

* Efinity Debugger - C:\dev\git\efx_serdes_solutions\usxgmii\debug_profile.wizard.json

File Options Perspectives Help

viol | X|
viol
Name Type Radix Value Control Comparator [@]
1 Q1_L2_phy_init_done Probe 1 ‘Bin 1 -
; Q1_L2_cnt_tx_frame_transmitted_go... Probe 32 ‘ Dec 0000000010 -
E Q1_L2_cnt_tx_frame_pause_mac_ctrl  Probe 32 ‘ Dec 0000000000 -
EQ1_L2_cnt_tx_frame_error_txfifo_ove... Probe 32 ‘Dec ‘0000000000 -
1 Q1_L2_cnt_tx_frame_is._fe Probe 2 Hex 00000000 B
$1Q1_L2_cnt_rx_frame_received_good Probe 32 Dec 0000000017 |
3 Q1_L2_cnt_rx_frame_error_fcs Probe 32 Dec 0000000000 -
E Q1_L2_cnt_rx_frame_pause_mac_ctrl  Probe 32 ‘ Dec 0000000000 -
z Q1_L2_cnt_rx_frame_errors Probe 32 ‘ Dec 0000000178 -
z Q1_L2_cnt_rx_frame_received_total Probe 32 ‘ Dec 0000000195
E Q1_L2_cnt_rx_frame_undersized Probe 32 ‘ Dec 0000000000 -
E Q1_L2_cnt_rx_frame_oversized Probe 27 ‘ Dec 000000000 -
1 Q1_L2_cnt_rx_frame_mismatched le... Probe 32 'Dec 0000000000 [
|Q1_12_cnt_n« frame fittered_by add... Probe 2 | Dec 0000000178 | -
1 Q1_L2_rpt_rx_frame_length Probe 14 ‘Hex 0072
1 Q1_L2_BLOCK_LOCK Probe 1 ‘Bin 1 I
1 Q1_L2_HLBER Probe 1 ‘Bin 0 -
1Q1121rQ Probe 1 ‘Bin 0
1 Q1_L2_PCS_STATUS Probe 1 ‘Bin 1 -
E Q1_L2_PHY_INTERRUPT Probe 1 \ Bin 0 -
E Q1_L2_PMA_XCVR_POWER_STATE_ACK Probe 4 ‘ Hex 1 -
; Q1_L2_PMA XCVR_PLLCLK_EN_ACK | Probe 1 \ Bin 1
E Q1_L2 PMA RX_SIGNAL DETECT Probe 1 \ Bin 1 -
E Q1_L2_PMA_XCVR_POWER_STATE_REQ Probe 4 \ Hex 1 -
E Q1_L2_PMA_XCVR_PLLCLK_EN Probe 1 \ Bin B -
E Q1_PMA_CMN_READY Probe 1 \ Bin 1
E clkS0m_rstn Probe 1 ‘ Bin 1 -
E Q1_L2 pcs_rst_n Probe 1 ‘ Bin 1 -
‘ vio0 l viol I la0
www.efinixinc.com 24
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Jumbo Packet Test

AN 077: USXGMII Example Design Application

To run the jumbo packet test, you must edit the example design to include the JUMBO macro
and compile to generate a new bitstream. This step disconnects the existing packet generator
and connects it to the 10G packet generator that supports jumbo packets. Follow these steps
to add the JUMBO macro:

1.
2.
3.
4.

5.

In the Efinity software, choose File > Edit Projects.

In Project Editor, click Synthesis,

In Verilog 'define Macro, click (+) to add the JUMBO macro.
Then, click on the empty box beside the JUMBO macro to edit the value. This can be any

decimal value (0 - 9) of your choice.

Click OK.

Figure 21: Adding the JUMBO Macro

[:] Project Editor

Project Design = Synthesis

Work Directory work_syn
V| Generate Post Synthesis Netlist
Synthesis Options

Name
--allow-const-ram-index
--blackbox-error
--blast_const_operand_adders
--bram_output_regs_packing

L

Include Dir

ip/efx_usxgmii_an_37
ip/sapphire_soc

Dynamic Parameter

Name

Verilog "define Macro

Name
1|jumBo 1

P = s = O

Place and Route

Value

Value

Value

Bitstream Generation

OK

~ After adding the JUMBO macro, you can edit the value.

Deb “ |*

Cancel

www.efinixinc.com
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After a successful compilation, you can program the bitstream into the FPGA. Additionally,
you can check the data sent from the FPGA to the network interface card through
Wireshark.

1. Launch the Wireshark application.

2. Select the network interface connected to the Titanium Ti375 N 1156 Development
Board.

Figure 22: Data captured through Wireshark

A Capturing from Ethemet

File Edit View Go Capture Analyze Statistics Telephony Wircless Tools Help

AW E® X QesEF & =888 FH
Apply a display filter ... <Cirl-/>

No. Time Destination Protocol Info
333296 50.297688 3e:3F:7a: e 1000 U, func=SHRM; DSAP LLC Sub-Layer Manogement Tndividual, SS&P LLC Sub-Layer Management Command
333207 50.297688 Ses3fitar LLe 1080 U, func=SNRN; DSAP LLC Sub-Layer Mansgement Individual, SSAP LLC Sub-Layer Managememt Command
3332598 50.298B035 3e:3f:7a LLC 1888 U, func=SNRM; DSAF LLC Sub-Layer Management Individual, SSAP LLC Sub-Layer Management Command
333299 50.298085 3e:3fi7a LLC 1000 U, func=SNRM; DSAP LLC Sub-Layer Management Individual, SS5AP LLC Sub-Layer Management Cowmand
333300 50.298481 3e: Lc 1000 U, func=SNRM; DSAP LLC Sub-Layer Management Individual, S54P LLC Sub-Layer Management Command
333301 50.298481 3e: Lc 1000 U, func=SNRM; DSAP LLC Sub-Layer Management Individual, SSAP LLC Sub-Layer Management Cowmand
333302 50.298481 3e: LLc 16008 U, func=SNRM; DSAP LLC Sub-Layer Management Individual, SSAP LLC Sub-Layer Management Command
333303 50298871 e e 1608 U, func=SKAM; DSAP LLC Sub-Layer Management Tndividual, SS&P LLC Sub-Layer Management Command
333304 50.293371 3e: Lc 100@ U, func=SNRM; DSAP LLC Sub-layer Management Individual, SSAP LLC Sub-Layer Management Command
333305 50.298871 3e: Lc 1000 U, func=SNRM; DSAP LLC Sub-Layer Management Individual, S54P LLC Sub-Layer Management Command
333306 59299395 3e: e 1088 U, func=SKRM; DSAP LLC Sub-Layer Management Individual, SS&P LLC Sub-Layer Management Command
333307 50.299396 ez LLC 1000 U, func=SNRM; DSAP LLC Sub-Layer Management Individual, S5AP LLC Sub-Layer Management Cowmand
233308 50.2993%6 EP LLc 1008 U, func=SKAM; DSAP LLC Sub-Laysr Management Individual, SSAP LLC Sub-Layer Management Command
333309 50.299787 3e: LLc 1000 U, func=SNRM; DSAP LLC Sub-Layer Management Individual, SSAP LLC Sub-Layer Management Cowmand
333310 50.299787 e LLe 1080 U, func=SNRN; DSAP LLC Sub-Layer Mansgement Individual, SSAP LLC Sub-Layer Managememt Command
333311 50.299787 3e: L 10890 U, func=SNRM; DSAP LLC Sub-Layer Management Individual, SSAP LLC Sub-Layer Management Cowmand
333312 50.300320 3e: LLe 1000 U, func=SHRM; DSAP LLC Sub-Layer Management Individual, SSAP LLC Sub-Layer Management Cowmand

<

> Destination

> Source:

ae:3

Ethernet II, Src: ae:3a:20:2
3,

180 (ae:3a:2s
F:72:20:00:80 (Je:3:72:20:00:80)
9:20:00:80 (ae:3a;20:20:00: 89,

Frame 1: Packst, 1860 bytes on wire (8000 bits), 1600 bytes captured (8800 bits) on interface \Devica\NPF_{308203AE-8728-420F -EEB1-B5COS:
20:00:80), Dst: 3e:3f:7a:20:60:80 (3e:37:7a:20:00:30)

:3a:2
[Type: Jumbu LLE (

028878)

[Stream index: 8]

<

Logical-Link Control

> DSAP: LLC Sub-Layer Management (8x82)
> SSAP: LLC Sub-layer Management (@x82)
> Control field: U, func=SHRH (@xB3)

Data (983 bytes)

Sending Jumbo Packet

Generated Data Pattern

3 83
8s
27
89
8b
2d
af

83
85

83
85
87
89
8b
&d
8f
91
93

3a 31 7a 20 06 80 ae 3a
8

83 83 83
85
87
89
8b

36 20 00 80

26
e
e

52

@4 04 6

86
08
0a
Bc
Be
10
12
14
16
18
1a
1c

FRFERREE
RBRRARAR
ceegeeed

60000000
22222222
44444844
66666666
88888888

pareeen
22332333

G8EREA08
EEBEEBEE
DODDDDDD
FFEFFFFEF
HHHHHHHH
BESERERE]
LLLLLLLL
KNNHKHNN
PPPPPPPP
RARRRARR

@ 7 Typelethiype). 2 bytes

Packets: 333312
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Troubleshooting

If the Python script does not receive an Ethernet packet from the FPGA, but is captured by
Wireshark, you need to use Wireshark to check for traflic of packets transferred from the
FPGA to the host PC. The packets are likely filtered or discarded by the operating system's
network stack before reaching the application software. Wireshark operates at a lower level,
and it can capture all traffic that goes in and out of the network interface, regardless of
destination. The operating system only allows packets with valid addresses to be passed to the
respective applications. The following are the solutions:

o If there is a firewall or antivirus block, you need to temporarily disable the network
firewall to prevent Windows from filtering or discarding packets before reaching the
application.

1. Type Control Panel in the Windows Search. Choose Control Panel > Windows
Defender Firewall > Turn Windows Defender on or off. See Figure 23: Opening
Windows Defender Firewall on page 27.

2. In the Private network settings, select Turn off Windows Defender Firewall (not
recommended).

¢ For incorrect IP address and port binding, you must ensure that the IP address and Port
settings are set correctly. The settings in the Debugger and the Python script must match.

Refer to Configuring the Efinity Debugger on page 20 and Configuring the Python

Script on page 21.

Figure 23: Opening Windows Defender Firewall

@ Windows Defender Firewall

« > v 2

Control Panel Home

i » Control Panel » All Control Panel Iltems > Windows Defender Firewall

Help protect your PC with Windows Defender Firewall

Windows Defender Firewall can help prevent hackers or malicious software from gaining access to your PC

Allow an app or feature through the Internet or a network.
through Windows Defender
Firewall .
l ° Private networks Not connected ™~
® Change notification settings
% Tum Windows Defender . v Guest or public networks Connected
Firewall on or off

% Restore defaults

%y Advanced settings

Networks in public places such as airports or coffee shops

Windows Defender Firewall state: On

Troubleshoot my network

Incoming connections: Block all connections to apps that are not on the list
of allowed apps

Active public networks: ™ PEN.efinix 2
= Unidentified network

Natification state: Notify me when Windows Defender Firewall blacks a
new app
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Figure 24: Turn Off the Windows Defender Firewall

i Customize Settings

& > ~ 1 &> Control Panel > All Control Panel ltems > Windows Defender Firewall > Customize Settings

Customize settings for each type of network
You can modify the firewall settings for each type of network that you use.
Private network settings
() Tumn on Windows Defender Firewall
Block all incoming connections, including those in the list of allowed apps

Notify me when Windows Defender Firewall blocks a new app

° © Turn off Windows Defender Firewall (not recommended)

Public network settings
o © Turn on Windows Defender Firewall
(J) Block all incoming connections, including those in the list of allowed apps

Notify me when Windows Defender Firewall blocks a new app

° () Turn off Windows Defender Firewall (not recommended)

oK
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