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Disclaimers

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

Inclusive Language

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

A list of acronyms used in this document.

Acronym Definition

GPLL General Purpose PLL

I/0 Input/Output

LED Light Emitting Diode

LSE Lattice Synthesis Engine
MAC Media Access Controller
PCS Physical Coding Layer

PLL Phase-Locked Loop

RTL Register Transfer Language
RX Receiver

SFP Small Form-Factor Pluggable
X Transmitter
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1. Introduction

The Lattice Semiconductor 10 Gb Ethernet MAC IP core supports the ability to transmit and receive data between a
host processor and an Ethernet network. The main function of the 10 Gb Ethernet MAC is to ensure that the media
access rules specified in the IEEE 802.3 standards are met while transmitting a frame of data over the Ethernet. On the
receive side, the Ethernet MAC extracts the different components of a frame and transfers them to higher applications
through an AXI4-Stream interface.

The 10 Gb Ethernet PCS IP core provides XGMII interface to MAC and follows IEEE 802.3 10GBASE-R standard. It
supports 64-bit data and 8-bit control signals for both transmit and receive paths.
This reference design demonstrates an example of a 10GBASE-R application using a 10 Gb Ethernet MAC IP core with a

10 Gb Ethernet PCS IP core in loopback mode. A simple Ethernet packet generator is included to generate Ethernet
packets to be transmitted on the transmitter (TX) and compare them with the received packets from the receiver (RX).

2. Features

The following lists the features for the 10 Gb Ethernet MAC IP core and the 10 Gb Ethernet PCS IP core:
e Ethernet packet generator to generate and compare packets
e  Supports internal loopback (Near PMA Loopback) and external loopback mode

For more information on the features of the 10 Gb Ethernet MAC IP core, refer to the 10 Gb Ethernet MAC IP Core User
Guide (FPGA-IPUG-02162).

For more information on the features of the 10 Gb Ethernet PCS IP core, refer to the 10 Gb Ethernet PCS IP Core User
Guide (FPGA-IPUG-02163).

3. Functional Description

This reference design instantiates and connects a 10 Gb Ethernet MAC IP core to a 10 Gb Ethernet PCS IP core through
an XGMII interface. The Ethernet PCS IP is configured to take in a clock source of 161.1328 MHz from dedicated
reference clocks (pad_refclkp/n_i). The TX clock output from the Ethernet PCS is fed to a GPLL to generate 156.25 MHz
clock for the data path. Note that the Fractional-N Divider option of the GPLL must be disabled. The serial interface is
loop backed externally.

A packet generator is included in the design to generate Ethernet packets to be sent to the Ethernet MAC IP core
through the AXI4-Stream interface on the TX path. Another packet generator will generate the same packets to
compare with the Ethernet packets received from the Ethernet MAC IP core RX path. Figure 3.1 shows the basic block
diagram and connections of the reference design.
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156.25 MHz GPLL

64/66 clock ratio

X\_\AXI4—Stream
™ Interface
testgen: packet
generator & checker

10 Gb Ethernet
MAC IP Core

Table 3.1 lists the top-level signal descriptions.

Table 3.1. Signal Descriptions

T

Y
322.266 MHz :
Y :

XGMII © Serial
Interface : Interface
> ‘—'7

10 Gb Ethernet :
PCS IP Core sy
A

161.1328 MHz

Figure 3.1. Reference Design Basic Diagram

Signal Name 1/0 Type 1/0 Width Function/Connection Description

pad_refclkn_i | 1 Dedicated 161.1328 MHz refclk input for PCS.

pad_refclkp_i | 1 Dedicated 161.1328 MHz refclk input for PCS.

pad_rxn_i I 1 RX- differential signal.

pad_rxp_i | 1 RX- differential signal.

pad_txn_o o) 1 TX- differential signal .

pad_txp_o 0] 1 TX- differential signal .

led[7:0] 0 8 LED outputs: Refer to Table 7.1.

rstn | 1 Active low reset for the reference design.

pll_lock 0] 1 GPLL locked signal.

pcs_rxval 0] 1 PCS RX valid — To indicate that the PCS is sending out a valid XGMII
data.

patgen_done_o 0] 1 To indicate that NUM_PKT of packets have been generated and
transmitted. Applicable when parameter CONTINUOUS_TRAFFIC=0.

cmpkFail_o 0] To indicate a data mismatch in the received packet(s).

sfp_tx_disable_o | O To drive the TX Disable (pin 3) in the SFP+ module.

start_patgen_i | To start generating packets.

www.latticesemi.com/legal



http://www.latticesemi.com/legal

= LATTICE

4. Waveforms

The design has been verified through RTL function simulation. Figure 4.1 shows the timing waveform of the MAC TX
and RX. For detailed timing waveforms, download the design and run the RTL function simulation.

e ot aCik]

B-F@c& i k@D BE || SEEEH || Gt T 0oLl DEDH RENIR L S AT I | I S 8 R IR T Y 3 - oE- B -

Figure 4.1. Timing Waveforms for MAC TX and RX
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5. Implementation

This design is implemented in Verilog. When using this design in a different device, density, speed or grade,

performance and utilization may vary. Default settings are used during the fitting of the design.

Table 5.1. Performance and Resource Utilization

Device Family Language Speed Grade Utilization fmax (MHz) 1/0 Architecture
(LUTSs) Resources
CertusPro™-NX? Verilog -8 4690 >156.25 22 1PLL, 1 PCS

Notes:

1. Performance and utilization characteristics are generated using LFCPNX-100-8LFG672C, with the Lattice Radiant™ 3.1 design
software with Lattice Synthesis Engine (LSE).
2. The Maximum Clock Frequency is obtained by running the timing analysis with the Lattice design software. Timing simulation

should be run after any changes are made and the reference design is merged with the overall design.
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6. Reference Design Simulation

To run the reference design simulation, follow these steps:

1.
2.

Unzip the reference design zip file into a directory.

Open reference design project file (eth.rdf) from the Lattice Radiant software.

3. Click the @ button located on the Toolbar to initiate the Simulation Wizard.

4.

Simulation Wizard ? X

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

Project

Project name: eth_sim|

Praject location: | <project location> Browse...

Simulator
@ Modelsim

Process Stage
@ RTL

Post-Route Gate-Level
Post-Route Gate-Level +Timing

< Back MNext > Cancel

Figure 6.1. Simulation Wizard

Click Next to open the Add and Reorder Source window.

Simulation Wizard ? *

Add and Reorder Source
Add HOL type source files and place test bench files under the desian files.

&

Source Files: g Lg U v ry

radiant_prj/prj14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/mac_10g/rtl/mac_10g.sv
radiant_prj/prj14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/pcs_10g/rtl/pes_10g.v
radiant_prj/prj14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/source/impl_1/top.v
radiant_prj/prj14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/source/impl_1/packet_gen_check.v
radiant_prj/prj14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/source/impl_1/pcs_apb_w.v
-adiant_prj/prj14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/source/impl_1/pcs_apb_w_r.v
radiant_prj/prj14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/OSCC/rtl/OSCCy
radiant_prj/prj14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/source/impl_1/tb_top.w
radiant_prj/prj14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/source/impl_1/synchronizer.v
radiant_prj/prj14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/plI_1/rtl/pll_1.v

4 3
Automatically set simulation compilation file order.
Uncheck this if you want to follow the file order from "Input Files™ on File List.

< Back Mext > Cancel

Figure 6.2. Adding and Reordering Source

10
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5.

6.
7.

8.

Click Next. The Summary window is shown. Uncheck Add top-level signals to waveform display check box. The
Run simulation check box will be greyed out when you do that. Click Finish.

Simulation Wizard ? *

Summary

‘radiant_pr)/prj14/reference_design/ethernet_10g_mac_pcs/10gEth_RD

14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/source/impl_1/packet_gen_check.w
14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/pcs_10g/rtl/pcs_10g.v
14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/mac_10g/rtl/mac_10g.sv
14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/scurce/impl_1/pcs_apb_w.wv
14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/scurce/impl_1/pcs_apb_w_rv
14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/pll_1/rtl/pll_1.v
14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/OSCC/rtl/QSCCw
14/reference_design/ethernet_10g_mac_pcs/10gEth_RD/source/impl_1/synchronizer.v -
4 .3
Run simulator

Add top-evel signals to waveform display

< Back Einish Cancel

Figure 6.3. Summary

Wait until the ModelSim Lattice FPGA Edition has finished loading.
In the ModelSim Lattice FPGA Edition, go to Tools -> Tcl -> Execute Macro...

M ModelSim Lattice FPGA Edition 2021.4 - O X
File Edit View Compile Simulste Add Project Tools Layout Bookmarks Window Help
ERET e I €3 g4 Waveform Compare  » J & J tat | Et.a 8

Code Coverage »
Layout |5imilate
= | Functional Coverage  »
ColumnLayout |A11Columns 1 Toggle Coverage 3
Coverage Save...
Nl i g 1 o » : . 3, 5 fes
S I i om || i |

Caverage Configuration »
Garbage Collector J CElwomoy

Breakpoints...
- 18] Viave -Default
Dataset Snapshot...

[#¥] pes/10gEth_RD/eth_sim/eth_sim -+ +| ] X| |§a Objec

¥|Mame |status [Type

+a
— S
2 th_top.v Verilog Trace
pes_10g.v Verilog
I synchronizer.y Veriog i
pes._apb Wy Verilog Wildcard Filter. ..
. mac_10g.sv SystemV... Edit Preferences...
packet_gen_check... Verilog
7 top.v Verilog
05CC.v Verilog
o pl_Lv Verilog
pes_apb_w_r.v Verilog
N —

Figure 6.4. Execute Macro in ModelSim Lattice FPGA Edition

]
||

e Gie-dedie e -o-de-Fe-ded

Go to the reference design directory and select the eth_sim.do file. Click Open to run the .do file.
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™ Execute Da File
< A <« ethernet_10g_mac_pcs » 10gEth_RD v | D
Organize = Mew folder
~ Mame Date modified
7 Quick access
eth_sim 4
[ Desktop o
impl_1 4
; Downloads mac_10g &
| Documents osce PY;
=/ Pictures pes_10g A,
10gEth_RD plL1 4]
certuspro_nx L source A
[ eth_sim.do 4
COaXpress_mpcs
files
[ This PC
§ 3D Objects wlliz
File name: | eth_sim.do ™

Search 10gEth_RD

Type

File folder
File folder
File folder
File folder
File folder
File folder
File folder
DO File

Macro Files (*.do;*.tcl)

Cancel

w

Figure 6.5. eth_sim.do in reference design directory

Wait for the simulation to complete

& sim - Default ———

#|Instance

=g th_top PERIOD_161
+1 2 GSR_INST PERIOD_156
+- o genblk1 MDC_PER

o FINITIAL*106
& FALWAYS#150
& FALWAYS#151
& FALWAYS2152
[+ std
|5 #vsim_capacity#

EXT_LOOPBACK.

to see the waveforms.

EEE
L

& Processes (Active) — zi— # & x|
#[Name [Type (fitered)
& FINITIAL#106 Initial
34158.8031 ns
0.00000 ns
N — - | K
¥ - |3 Project - | B MemoryList ~ | &g sim |41 | , | Il g wave [ th_top.v 43
A Transcript Hd ]
T B
# PLL lock assserted
#
#
# Driving IDLE patterns at ¥GMIT TX side
# while waiting for ECS RX PATH to be ready
#
17084012000 tb_top.genblkl.dut.eth_pcs.lscc_ten gbephy_inst.<protected> > > > >.PCSK1_inst.q >.4] >.4] >.4] >.4] >

.<protecteds.<protected>.<protecteds.<protected> ABICDR EHY IX DRIVER
#

# BCS RX 1s now ready

# Driving XGMIT TX random transactions
#
# Received all data
# Simulation passed!
#
# End of Simalation
PR P TP PR

: Transmitting Data

Figure 6.6. Simulation Waveform
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10. Type quit -sim in the ModelSim console to terminate the simulation. To re-run the simulation, invoke the
eth_sim.do file in the console.

F I Transcript

V5IM 3> quit -s3im
# End time: 18:15:2% on Apr 2%,2022, Elapsed time: 1:07:13
# Errors: 0, Warnings: 47

ModelSim> do .. /eth_sim.dd

Project : eth_sim | <No Design Loaded >

Figure 6.7. Unload the reference design and re-invoke eth_sim.do to re-run the simulation

6.1. Customization for Reference Design

6.1.1. Number of Packets and Packet Length

To change the USR_DATA_BYTE parameter in packet_gen_check.v for generating different length of packets, refer to
Figure 6.8.

To specify the number of packets NUM_PKT parameter to be generated in the th_top.v file, refer to Figure 6.9. The
NUM_PKT is default to 10.

o packet_gen_check.v

Figure 6.8. Modify Packet Contents in packet_gen_check.v

o

Figure 6.9. NUM_PKT Parameter in Testbench file tb_top.v

www.latticesemi.com/legal


http://www.latticesemi.com/legal

10 Gb Ethernet MAC and PCS 22 LATTICE

Reference Design

6.1.2. Loopback Mode Configuration

In the reference design, the following two modes are in the PCS IP module for you to select depending on the test case:
e Near PMA Loopback mode
e Disabled Loopback mode

There are two settings that need to be configured for each mode before compiling the design.

6.1.2.1. Internal Loopback (near PMA Loopback) Mode
To configure the settings in this mode, follow these steps:

1. Make sure the 10 Gb Ethernet PCS IP instance (pcs_10g.ipx) is configured and generated for internal loopback
(Loopback Mode: near PMA Loopback).

Configure Component from IP ten_gbe_pcs Version 1.3.0
Set the following parameters to configure this component.

Diagram pcs_10g Configure IP
pcs 10g *| Property Value
s N
=|ekselil1:0] Register Interf APB
P ——— egister Interface
—|pad_refelkn_i PCS Lane ID 6
—pad_rxn_i e
oad i Setting1 Enable
pad_txn_ol— . . .
—pll_0_refclk_i Setting1: Adaptive Algorithm RLZplus
pad_txp_o—
—Pil-trefdki xg_r_bik_lock o Setting? Enable
—refdkn0_ext i — \k_
xg_rx_clk_of— Set ntive Algorithm 2plus
—reflkni_ext_i g Ll RL2plus
xg_rx_hi_ber o~ .
—{refclkp0_ext_i Setting3 Enable
i Xg_rxc_o [7:0]p=
—refclkpl ext i d_o [63:0] 3t i it A e T RL2plus
—fsd_pll_refclii 900 :
_luse refmux i xg_nxval_of— Setting1/2: Preliminary Adaptive EQ ENABLED
- - xg_b_dk_of—~
—{*g_pes_clkin_i ad Setting1/2: Training phase Adaptive EQ = ENABLED
. Xg_txrdy_or—
otk Setting1/2: Post-phase Adaptive EQ | ENABLED
—{xg_m_rst_n_i
—xg_tx_clk_i
—{xg_b_rst_n_i
=xg_txc_i [7:0]
wxg_txd_i [63:0]
—{xg_toval_i e
ten_gbe_pcs > Loopback Mode Near PMA Loopback -
- - -
4 [ No DRC issues are found.

Generate Cancel

Figure 6.10. 10 Gb Ethernet PCS IP with Loopback Mode = Near PMA Loopback

2. Inthe testbench file (tb_top.v), set the EXT_CONNECTION_EN parameter to 1’b0.

© 2022-2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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) nodule tb top;

parameter PERIOD_161 = 6.207;

parameter PERIOD 156 = 6.4;

paramster MI)C_PEi = 181.81; // 5.5 Mhz

parameter [EXT CONNECTICN EN = 1'b0; // 1 - select external interface connection. 0 - internal loopback - neal
- - // Mote: PCS need to be generated with the corresponding setting.

parameter CONTINOUS TRAFFIC = 0;

parameter NUM_PKT = 10; // From top level: Number of packets to generate when CONTINUOUS TRAFFIC =

Figure 6.11. EXT_CONNECTION_EN Parameter for Internal Loopback in Testbench File th_top.v

3. Re-run the simulation.

6.1.2.2. Disabled Loopback Mode
To configure the settings in this mode, follow these steps:

1. Make sure the 10 Gb Ethernet PCS IP instance (pcs_10g.ipx) is configured and generated for the external loopback
(Loopback Mode: Disabled).

_

Configure Component from IP ten_gbe_pcs Version 1.3.0
Set the following parameters to configure this component.
Diagram pcs_10g Configure TP
pcs_10g *| Property Value
C 3
=|ckseliLx:0] Register Interf APB
diffiocksel_i egister Interface
—|pad_refclkn_i PCS Lane ID 6
—|pad_rxn_i X
pad i Setting1 Enable
pad_bxn_of—~ . . .
—pll_0_refdk_i Setting1: Adaptive Algorithm RL2plus
. pad_txp_of— .
7 pIUJEfdkf'_ xg_rx_blk_lock o Setting2 Enable
—refclkn0_ext_i xa r ck o - ) ) .
refelkn_ext_i lf L Setting2: Adaptive Algorithm L2plus
xg_rx_hi_ber o~ .
—refclkp0_ext_i Setting3 Enable
Xg_rxc_o [7:0]pm=
ekt exti xg_rxd_o [63:0]m= Setting3: Adaptive Algorithm RLZplus
—{sd_pll_refclk_i - -
_use_refmux i xg;(rxv::_o — Setting1/2: Preliminary Adaptive FQ ENABLED
X Clxk_o—
—{xg_pes_clkin_i & D:d N Setting1/2: Training phase Adaptive EQ = ENABLED
. Xg_txrdy_or—
Ha-peclc Setting1/2: Post-phase Adaptive EQ  ENABLED
—{xg_r_rst_n_i
—xg_tx_clk_i
—{xg_bc_rst_n_i
=-Ixg_txc_i [7:0]
={xg_txd_i [63:0]
—Ixg_txval_i
ten_gbe_pcs > Loopback Mode Disabled =
[ No DRC issues are found.

Figure 6.12. 10 Gb Ethernet PCS IP with Loopback Mode = Disabled

2. Intestbench file (tb_top.v), set the EXT_CONNECTION_EN parameter to 1'b1.

© 2022-2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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© nodule th top;

parameter
parameter
parameter
parameter

parameter
parameter

PERIOD_161 = 6.207
PERIOD_156 = 6.4;
MDC_PER = 181.81 // 5.5 Mhz

EXT CONNECTION EN

// 1 - select external interface connection. 0 - internal loopback - nea:
// Note: PCS need to be generated with the corresponding setting.

CONTINOUS TRAFFIC
NUM_FKT

10; // From top level: Number of packets to generate when CONTINUOUS_TRAFFIC =

Figure 6.13. EXT_CONNECTION_EN Parameter for external interface connection in Testbench File tb_top.v

Re-run the simulation.

Select disabled loopback mode for board testing with SFP+ module. The setup is shown in section 7 Reference
Design Implementation On Board.

© 2022-2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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7. Reference Design Implementation On Board

To use the external SFP module on board, select disabled loopback mode and configure the settings for the external
path.

7.1. Requirements

The following lists the requirements for the reference design implementation on board:
e Two CertusPro™-NX Versa Boards

e At least 1 USB cable for programming

e Two sets of power supply

e  Optic fiber cables

e Two sets of 10Gb small form-factor pluggable (SFP) module

7.2. CertusPro-NX Versa Board

For more information on CertusPro-NX Versa Board and schematics, refer to the CertusPro-NX Versa Board web page.

Caution: The CertusPro-NX Versa Board contains ESD-sensitive components. ESD safe practices should be followed
while handling and using the development board.

B1 811 @
TN IO

Figure 7.1. LEDs on the CertusPro-NX Versa Board
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Table 7.1. Board LED Descriptions

:II") LEDs | Signal Name Color | Purpose
D81 PWRGD 1V Green | Lights up if voltage is present.
D83 PWRGD 1V8 Green | Lights up if voltage is present.
1
D84 PWRGD 1V1 Green | Lights up if voltage is present.
D85 PWRGD 3V3 Green | Lights up if voltage is present.
D63 MAC PLL Lock Green | Lights up when GPLL locked signal.
D64 MPCS PHY Ready Green ngth up when PCS Tx ready signal. When high, indicates that XGMII
PCS is ready to accept user data.
D67 Sys Ready Green | Lights up when PLL lock and mpcs_phy_ready.
D65 AXI TX Valid Green Lights up whgn_ MAC TX AXI4-Stream interface bit for data valid. To
show transmit in progress.
2
D66 AXI RX Valid Green Lights up v.vhe.n MAC RX AXI4-Stream interface bit for data valid. To
show receive in progress.
D104 | Pattern Generator Done Green Lights up indicates that all the packets specified by NUM_PKT
parameter have been generated by the pattern generator.
D105 | Compare Fail Green Lights up when packet compare status failed. 1’'b1 = mismatch. 1’'b0 =
match.
D68 MPCS RX Hi BER Green | Lights up when PCS high bit error rate (BER) indicator.
D78 1.05V Green | Lights up if voltage is present.
D76 1.2V Green | Lights up if voltage is present.
3
D77 1.8V Green | Lights up if voltage is present.
D75 2.8V Green | Lights up if voltage is present.
Note:

1. These eight demo LEDs are mapped to corresponding signals in the design file top_module.v. The LEDs are only meaningful
after bit file programming.

7.3. Board-to-Board Testing

This section provides the details of the reference design hardware testing on board and guides you through the process
of setting up IP configuration and uploading the .bit file.

7.3.1. Design Setup

In the PCS IP configuration, choose Disabled in the loopback mode category and change the EXT_CONNECTION_EN to
bit 1 in the top.v file. After completing these two settings, compile the reference design project in the Lattice Radiant™
software to produce the .bit file to download into the board.
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Configure Component from IP ten_gbe_pcs Version 1.3.0
Set the following parameters to configure this component.

Diagram pcs_10g Configure IP
pes._ 10g *| Property Value
B o Register Interf. APB
Leifiodiksel i egister Interface
—pad_refclkn_i PCS Lane ID 6
—{pad_rxn_i et v,
oad oxpi Setting1 Enable
pad_bm_of— ) . .
—{pll_0_refelk_i 4 Setting1: Adaptive Algorithm RL2plus
pad_txp_of—
[P Lrefelk %g_rx_blk lack of— Setting2 Enable [
—{refelkn0_ext_i -
efknt ext i xg_rx_ck_ol— Setting2: Adaptive Algorithm RL2plus
- hi_b: -
—refclkp0_ext_i Xa-DADEo Setting3 Enable 1
refclkol_ext i Xg_rxc_o [7:0]p=
refe L ! :
= - Setting3: Adaptive Algorithm RL2plus
ed pllrefeis 9o [63:0] - 2
use refmu i xg_mval_oi— Setting1/2: Preliminary Adaptive EQ ENABLED
B - xg_tx_clk_of—
—{xa_pes_clkin_i f; t;rdyio— Setting1/2: Training phase Adaptive EQ ENABLED
ok Setting1/2: Post phase Adaptive EQ | ENABLED
—xa_rx_rst_n_i
xg tx_clk i Setting3: Preliminary Adaptive EQ DISABLED
—xo_be_rstn_i Setting3: Ti DISABLED
I Setting3: Post-phase Adaptive FQ DISABLED
et g>: st-phase Adaptv ADb
w{xg_txd_i [63:0] g P P
i gy STetfatre
~ ten_gbe_pes L Loopback Mode Disabled
4 13 No DRC issues are found.

c

Figure 7.2. PCS IP Loopback Mode

mcdule top (
/* pads */
pad refclkn i, pad refclkp i, pad rzn i, pad rxp i, pad t®n o, pad txp o,
led, pll lock, pcs rxval, patgen done o, start patgen i,
rstn, sfp tx disable o, cmpfail o

):

parameter CONTINUCUS TRAFFIC
parameter
parameter

H nerate packets continous

1'bl // Ge te packet t 1y

// Number of packets to generate when CONTINUOUS TRAFFIC = 0

// 1 - external interface connection. 0 - internal loopback - near PMA loopback

Figure 7.3. Change the EXT_CONNECTION_EN Parameter to 1 in Top File top.v
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RCLEEEERTTTY

Figure 7.4. CertusPro-NX Versa Board-to-Board Connection

There are two flows of data when connecting board to board. In Figure 7.5, Board A TX1 sends data out from the SFP
TX1 through the optic fiber cable to Board B SFP RX2 and data is received by Board B RX2, vice versa when Board B
sends data out to Board A.

Figure 7.5. Optic Fiber Cables Connection to Boards

© 2022-2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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7.3.2. Bitstream Programming

Make sure the board is connected to the PC with the Mini USB Type A cable as shown in Figure 7.4. After you have

programmed Board A, repeat the same for Board B so that both boards have the same program.

To run the reference design simulation, follow these steps:

1. Click on the Radiant Programmer icon u if the project has already opened inside the Radiant software.

Otherwise, open the standalone Radiant Programmer. Select the Project Name, Project Location, and click OK.

u Radiant Programmer - Getting Started ? X

New Project:

Project Name: |Untiﬂed| |

Project Location: |D:fSGM]I_PRDJECTfSGMH_TSMAC_for_reIease{Coustmer_ReIease{SGM]I[_TSMAC_Deswgn_]]VIPL_lG_workmngGM]I[_TSMAC_Deswgnf\mp\_l ~ | Browse...

© Create a new project from a scan

Cable: |HW-USBN-28B (FTDI) | Port: FTUSE-0 b

TCK Divider Setting (0-30x):

() Create a new blank project

Detect Cable

Open Project:

O Open an existing programmer project

D:/SGMI_PROJECT/SGMIL_TSMAC_for_release/Coustmer_Release/SGMIL_TSMAC_Design_IMPL_1G_working/SGMIL_TSMAC_Design/impl_1/Untitled.xcf Browse...

Figure 7.6. Standalone Radiant Programmer

The Radiant Programmer window is shown in Figure 7.7.

8 Faciant Pregrarnmer - Untitied e * - =

Fle o0 View Run Teos Hel
hEd e @ aey B
Fnehle Stans Dlewicn Cperatian Diewice Family Fill blarme Fie Rate/Tme  Checkum  LSFRCONF Cabée Setun 8
12 LFCHh-100 Tei.  LTCPHK cebic Sttng:
Dotoct Catka
Cotie FUISENIR (FTO)
Fart FuzEd -
Custom port:
Pragramming Spess Setirgs
3 Use defouit Dok hage
W11 sz Teck Dherker
TCE Nt Setting (-0 |7 12
FUETT
| U o | st
oo -
T Usa cugtam 1E ssttings
ok
g
T TS
SLTRET b
- S TRET i
i LFCPI-100
o 0 —!
RESET
T4 BN
v e
utput 8
Laticz W Ditvers Setected (HW-DUK-3T (2ra el FU-US3H-2B (5T
Prigea R
Outper Tl Conle
Featly

Figure 7.7. Radiant Programmer Window
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2. Configure the Device Family, Device, and the bit file fields.

il e L1 b h E =

LEIER TR ELY

Enable Status Device Family Device Operation File Name File Date/Time Checksum USERCODE
1 PASS  LFCPNX LFCPMNX-100 ..m,Verify  C:/Users/prince/Downloads/... 04/29/22 ... 0x6FF0

Figure 7.8. Radiant Programmer: Configure the Settings

3. Click on the program device toolbar icon as shown in Figure 7.9.

File Edit View Run Tools Help
= RE-CRET EERE RRv g U

Figure 7.9. Program Device Toolbar Icon

4. Check on the output window, where the status of the program device should be Operation: successful, as shown in
Figure 7.10.

INFO - Execution time: 00 min : 28 sec
INFO - Elapsed time: 00 min : 32 sec

INFO - Operation: successful.

Qutput Tcl Console

Figure 7.10. Message on Successful Programming

5. After programming, restart the board and check the status of the done LED. It indicates that the .bit file has booted
successfully into the FPGA.

Connect the optic fiber cables (TX-RX) as shown in Figure 7.5.

Upon board-to-board connection, press the reset switch (SW3) and the MAC PLL Lock (D63), MPCS PHY Ready
(D64) and Sys Ready (D67) will light up the green LED.

8. Toggle switch 5 in SW1 to start the pattern generator (highlighted in Figure 7.11.)

Pattern Generator Start Reset Switch

Figure 7.11. Toggle Switch 5 in SW1 to Initiate Pattern Generation for CertusPro-NX Versa Board

© 2022-2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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7.4. Waveforms Captured Using the Reveal Tool

You can monitor the value of the signals in real-time mode by inserting signals to capture in the Reveal Inserter and
observe the signals in the Reveal Analyzer.

7.4.1. Reveal Inserter

The Reveal Inserter enables you to select which design signals to use for debug tracing or triggering, then generate a
core based on these signals and their use. After generating the required core, it generates a modified design with the
necessary debug connections and links it to the signals. After the design has been modified for debug, it is mapped,
placed, and routed with the normal design flow in the Radiant software.

The Reveal Inserter handles the task of inserting the debug logic into the design. Before using the Reveal Analyzer, you
must use the Reveal Inserter to allow debug access.

To add the Reveal Inserter into the design, follow these steps:

1. Click on the Reveal Insertericon ' * in the toolbar to create a new Reveal Inserter project or open an existing
Reveal Inserter project with pre-added signals (eth.rvl) .rvl, which is shown in the file list. If you open an existing
file, you can skip this step and proceed to step 5.

hd Debug Files

nt ath.rvl

At

eth_anal ./10geth RD_240131/eth.nvl |

Figure 7.12. Reveal Inserter File in the File List

2. Click on the Add core on the top left of the Reveal Inserter file and select Add Logic Analyzer.

};.dd core...
Add Logic Analyzer

Figure 7.13. Add Logic Analyzer into the Debug File

3. Inthe debug file, set up the trace signals by dragging the signals into the Trace Signal Setup Tab, as shown in Figure
7.14. Remember to put in the Sample Clock based on the clock driving the trace signals. However, in designs with
multiple clock regions, it may be necessary to sample different clock regions at the same time. For those types of
designs, it is recommended that you create multiple cores, one for each clock region where the clock is used as the
sample clock for the core.
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v ”‘?‘ Datasets

- @ Trace i

Add core... N pes_rxval
» +r eth_mac/axis_rx_tdata_o
b o7 xg_rxc_o[T:0]@Tc B r O eth,ma(/ax?s,rx,tkeep,c
= Nl eth_mac/axis_rx_tlast_o
b &7 xg_rxd ol63:010Tc I eth_mac/axis_rx_tuser_o

1 xg_rxval_o I eth_mac/axis_rx_tvalid_o
© xg ek b r eth_mac/axis_tx_tdata_i
- b < eth_mac/axis_tx_tkeep_i
T xg_teclk o I eth_mac/axis_tx_tlast_i
[ xg_tx_rst_n_i Nl eth mac/axis tx treadv o
r & xg b ilT01@Te Sample Clock pll_clk_out Implementation | EBR - | 7EBRs

b o= xg_txd_i[63:0]

a xg_txrdy_o@Tc Buffer Depth 256 - Timestamp <
[ xg_txval i Sample Enable Data Capture Mode
- - Sample Enable o q
v 1 pll_lock_clkout_sync_inst(synchronizer_ @) Single Trigger Capture
v TF pll_mac(pll_1_uniq_1) M Multiple Trigger Capture
[ 3 ﬂ rstn_osc_rst_sync_inst(synchronizer_un POR Debug .
v IF u_mpes_apb_0(pes_apb_w_r_uniq_1) Trigger Enable
b "la apb_paddr_i[15:0] - M
-
] - S »
signal Search Include trigger signals in trace data
pes_rxval Search Trace Signal Setup Trigger Signal Setup

Figure 7.14. Trace Signal Setup

4. After adding the signals, set up the trigger signals in the Trigger Signal Setup Tab as shown in Figure 7.15. Click on

the top left icon with a magnifying glass = to check if the design rule is passing and click on the B icon to insert
the debug logic. This process generates and synthesizes the necessary debug logic. The generated .rvl is
automatically imported into the Radiant software.

It builds a version of the design that contains the necessary connections for the debug logic to the signals that you
are tracing or triggering.

ﬁ\ Start Page Reports |5 top.v La th_top.v 7k Reveal Inserter *
= | ¥ "5 Datasets .
“ Trosertnt
B Add core.. Name Signals (MSB:LSB) Operator Radix Value =
b o7 xg_rxc_o[7:0]@Tc,Tg o 1 Tu1 pes_rxval == ~ Bin ~ 0
b = xg_rxd o[63:0]@Tc.Tg 2 T2 eth mac/axis rx tvalid o == ~ Bin Ay hd
7 xg_.nval o Add Remove Default Trigger Radix Bin -
™ xg_tedki
A xgitxiclkiu Trigger Expression
[ xg st Name Expression RAM Sequence Max Sequern  Max Event
b o7 xg txc i[7:0]@Tc Type Depth Depth Counter
b &° xg.ted i[63:0] 1| 1 BEBRs 1 2 v v
7 xg_txrdy 0@Tc
[ xg_txval i Add Remove
» —F pll_lock_clkout_sync_inst(synchronizer_
b T pll_mac(pll 1_uniq_1) EiET
L] :,—[ rstn_osc_rst_sync_inst(synchronizer_un Eisimm s SETS TR M
v IF u_mpes_apb_0{pcs_apb_w_r_unig_1) Trigger Out
¥ ™l apb_paddr_i[15:0) i Enabla Trigger Ok et .
‘ : »
Signal Search Polarity = Minimum pulse width
pes_rxval Search Trace Signal Setup Trigger Signal Setup
Starting: "rvl_set_te -ram EBR TE1" A

Checking design rules ...

INFO <2120344> - The number of EBRs needed is 15.

INFO <212034€> - The number of DistRAM (logic/ROM/RAM) slices needed is Q.
Design Rule Check PASSED.

Figure 7.15. Trigger Signal Setup

Resynthesize, map, place and route the design.

Generate the bitstream data to perform logic analysis with the Reveal Analyzer.
Set up the cable connection with the Programmer.

Download the design into the device.

Start the Reveal Analyzer and perform logic analysis with it.

w o N o w
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7.4.2. Reveal Analyzer

The Reveal Analyzer enables you to configure trigger settings and extract information from a programmed device
through the JTAG ports. It interfaces directly to the Reveal cores in the design. You can set up triggers, select capture
modes, and run or stop the triggers. The Reveal Analyzer displays the data captured on the silicon according to the
settings that has been specified in the Reveal Inserter.

To launch the Reveal Analyzer, follow these steps:

1. Click on the Reveal Analyzer icon @ in the toolbar and create a new Reveal Analyzer file or open an existing file
(eth_analyzer.rva).

Select Create a new file option. Configure the new file settings as shown in Figure 7.16.

Click Detect to detect the micro-USB that has been connected to the board after downloading the bitstream that
has been programmed with the Reveal Inserter.

Click Scan to detect the debug device.
Click OK to proceed.

@ Reveal Analyzer/Controller Startup Wizard X
Getting Started:

@ Create a new file eth_analyzer HW-USBN-2B (FTDI) ~

Multiple Device in JTAG Chain TCK Low Pulse Width Delay: 1

USB port: FTUSB-0 (Dual RS232-HS A Location 0000) - Detect
XCF source:

Debug device: ‘:"‘-5] 1. LFCPNX-100:0x010F4043 (debug enabled) - Scan
RVL source: C:/10gEth_RD_240131/eth.rvl Browse...

Open an existing file
File name: -

D Import file into current implementation

OK Cancel

Figure 7.16. Create a New Reveal Analyzer File

6. Configure the trigger settings in the LA Trigger tab for each core in each device as shown in Figure 7.17 to perform
logic analysis of the design.
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Y Start Page Reports top.v 3 th_top.v g Reveal Inserter * 4 Reveal Analyzer/ Controller * I
Completed = [4 top_La0

Trigger Unit

Name  Signals (MSB:LSE) Operator  Radix Value A
1 pes_noval == v Bin ~ 1

w2 eth_mac/axis_rx_tvalid_o == ~ Bin v

w3 eth_mac/axis_rx_tdata_o[630] == ~ Bin | 000000000000 0 000C 0000

TU4  ethmac/axis_nx_tkeep_o[7:0] == ~ Bin | 00000000

Tus eth_mac/axis_rx tlast o == ~ Bin ~0

TUE  eth_mac/axis_n_tuser_o == v Bin ~ 0 -
Trigger Expression

Name  Expression Sequence Depth  Max Sequence Depth  Max Event Counter

[~ Ri3l T 1 2 1

[~ =R ] 1 2 1
Trigger Options Trigger Position: 16/256

Enable TE: ORAI ~ ® Pre-selected: | Pre-Trigger -

Samples Per Trigger: | 256 v Userselected: < 4

Number of Trigger: | 1 (max 32)

LA Trigger LA Waveform

Figure 7.17. LA Trigger Tab

Click the Run button ' to perform the logic analysis and wait for the design to trigger and download the trace
information from the board into the Reveal Analyzer.

The real-time packets transaction captured from the board-to-board connection are provided in the following
sections. The Pattern Generator Module output to the MAC IP through the AXI-Stream interface.

Figure 7.18 shows the waveform for 10 packets transaction from Board A to Board B.

v ath_mac/

eth_mac;aods 1

eth_mac/a

eth_mac/x

eth_mac/a

a.
b.

is_r_tdata_

aoels,_r_theep o

i, _tast o

xis_rx_tuser_g

The eth_mac/axis_rx_tvalid_o signal is asserted to indicate the starting of the frame.
The eth_mac/axis_rx_tlast_o is asserted to indicate the last packet transfer.

The eth_mac/axis_rx_tvalid_o is deasserted to indicate the end of active packets.

@3 ene Lk Lt [al1] 176 22+ ®izd x240

®6

FF

emplail_o a

#th_pesug_p_rst_n 1

v eth mac/a

eth_mac/
eth_mac/aoas,

eth_mac/a

Figure 7.18. CertusPro-NX Versa Board Disabled Loopback Mode Overview

Figure 7.19 and Figure 7.20 show that the data packets that are received from the packet generator matches the data
packets that are transferred out. Therefore, there is no packet corruption in this transaction.
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Bus/Signal Data
pes_naval 1
eth_mac/axis_nx_tvalid_o 1

eth_mac/axis_n_tdatao | EDFI6DFF

eth_mac/axis_nx_tkeepo | FF

eth_mac/axis_nx_tlast_o 0
eth_mac/axis_rx_tuser_o 0
cmpfailo 0

v eth mac/axis_tx tdatai | D00O785E |

eth_mac/axis_tx tkeepi |FF

eth_mac/axis_tx_tlast i 0
eth_mac/axis_te_talid_i 1
eth_mac/axis_tx_tuser_i 0

Figure 7.20. MAC axis_tx_data_i packets
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Reference Design

Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.

For frequently asked questions, refer to the Lattice Answer Database at
www.latticesemi.com/Support/AnswerDatabase.

© 2022-2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

28 FPGA-RD-02248-1.2


http://www.latticesemi.com/legal
http://www.latticesemi.com/techsupport
http://www.latticesemi.com/Support/AnswerDatabase

= LATTICE

Revision History

Revision 1.2, March 2024

Section

Change Summary

Acronyms in This Document

Added the following acronyms:

e LSE
e SFP
. X
° RX

Features

Re-organized the content in this section.

Functional Description

Updated the description for the led[7:0] signal in Table 3.1. Signal Descriptions.

Reference Design Simulation

e  Removed step 11 and 12.
e  Added section 6.1 Customization for Reference Design.

Reference Design
Implementation On Board

Added this section.

Revision 1.1, May 2023

Section

Change Summary

All

Minor adjustments in formatting across the document.

Acronyms in This Document

Added this section.

Functional Description

Updated Tx clock output statement to specify GPLL used to generate 156.25 MHz clock must
not enable Fractional-N Divider.

Technical Support Assistance

Added reference to the Lattice Answer Database on the Lattice website.

Revision 1.0, July 2022

Section

Change Summary

All

Initial release. Verified in hardware using CertusPro-NX 10GbE Mini Board.

Revision 0.80, Feb 2022

Section

Change Summary

All

Preliminary revision.
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