
 

10G Ethernet IP 
 IP Version: v3.5.0  
  

 

 

User Guide 

FPGA-IPUG-02245-2.0 

July 2026 

 



10G Ethernet IP  
User Guide 
 
 

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-IPUG-02245-2.0  2 

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

 
Inclusive Language  

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

 

 

 

 

 

 

 

 

 

 

 

 

 
 
  

https://www.latticesemi.com/legal
https://www.latticesemi.com/support/answerdatabase/6/8/7/6878


10G Ethernet IP  
User Guide 
 
 

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-IPUG-02245-2.0  3 

Contents 
Contents ............................................................................................................................................................................... 3 
Abbreviations in This Document......................................................................................................................................... 11 
1. Introduction ................................................................................................................................................................ 12 

1.1. Overview of the IP ............................................................................................................................................. 12 
1.2. Quick Facts ........................................................................................................................................................ 12 
1.3. IP Support Summary ......................................................................................................................................... 13 
1.4. Features ............................................................................................................................................................ 13 
1.5. Licensing and Ordering Information ................................................................................................................. 14 

1.5.1. Hardware Evaluation .................................................................................................................................... 14 
1.6. Hardware Support ............................................................................................................................................. 14 
1.7. Minimum Device Requirements ....................................................................................................................... 14 
1.8. Naming Conventions ......................................................................................................................................... 14 

1.8.1. Nomenclature............................................................................................................................................... 14 
1.8.2. Signal Names ................................................................................................................................................ 14 

2. Functional Description ................................................................................................................................................ 15 
2.1. MAC + PHY (Avant and Certus-N2 Devices) ...................................................................................................... 15 

2.1.1. IP Architecture Overview ............................................................................................................................. 15 
2.1.2. Block Diagram ............................................................................................................................................... 15 
2.1.3. Management Block ...................................................................................................................................... 16 

2.2. 10GBASE-KR MAC + PHY (ANLT) ........................................................................................................................ 16 
2.2.1. Auto-Negotiation (AN)—IEEE 802.3 Clause 73 ............................................................................................. 17 
2.2.2. Link Training (LT)—IEEE 802.3 Clause 72 ...................................................................................................... 17 

2.3. MAC ................................................................................................................................................................... 17 
2.3.1. IP Architecture Overview ............................................................................................................................. 17 
2.3.2. Block Diagram ............................................................................................................................................... 18 
2.3.3. Ethernet Data Format .................................................................................................................................. 18 
2.3.4. Receive MAC................................................................................................................................................. 19 
2.3.5. Transmit MAC ............................................................................................................................................... 20 
2.3.6. Receive AXI4-Stream Interface ..................................................................................................................... 21 
2.3.7. Transmit AXI4-Stream Interface ................................................................................................................... 24 
2.3.8. Data Packing ................................................................................................................................................. 27 
2.3.9. MAC Management Block .............................................................................................................................. 28 

2.4. PHY (Avant and Certus-N2 Devices) .................................................................................................................. 28 
2.4.1. IP Architecture Overview ............................................................................................................................. 28 
2.4.2. Block Diagram ............................................................................................................................................... 29 
2.4.3. Lane Merging (Avant and Certus-N2 Devices) .............................................................................................. 29 
2.4.4. PHY Management Block ............................................................................................................................... 32 
2.4.5. Loopback Modes .......................................................................................................................................... 33 

2.5. PHY (CertusPro-NX Devices) .............................................................................................................................. 33 
2.5.1. IP Architecture Overview ............................................................................................................................. 33 
2.5.2. Block Diagram ............................................................................................................................................... 34 
2.5.3. Lane Merging (CertusPro-NX Devices) ......................................................................................................... 34 
2.5.4. Reference Clocks .......................................................................................................................................... 35 
2.5.5. PCS Loopback ............................................................................................................................................... 36 

2.6. MAC + PHY + 1588 (CertusPro-NX Devices) ...................................................................................................... 36 
2.6.1. Design Architecture ...................................................................................................................................... 36 
2.6.2. Block Diagram ............................................................................................................................................... 37 
2.6.3. Timestamp Unit ............................................................................................................................................ 38 
2.6.4. 10G Ethernet PHY ......................................................................................................................................... 38 
2.6.5. 10G Ethernet MAC ....................................................................................................................................... 38 
2.6.6. PTP Packet Format ....................................................................................................................................... 38 
2.6.7. PTP Message Format .................................................................................................................................... 40 

https://www.latticesemi.com/legal


10G Ethernet IP  
User Guide 
 
 

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-IPUG-02245-2.0  4 

2.6.8. PHY Delay Value ........................................................................................................................................... 42 
2.7. MAC + PHY (CertusPro-NX Devices) .................................................................................................................. 42 

2.7.1. Design Architecture ...................................................................................................................................... 42 
2.7.2. Block Diagram ............................................................................................................................................... 42 

2.8. Clocking ............................................................................................................................................................. 43 
2.8.1. Clocking Overview ........................................................................................................................................ 43 

2.9. Reset ................................................................................................................................................................. 45 
2.9.1. MAC Reset Sequence ................................................................................................................................... 45 
2.9.2. PHY Reset Sequence (Avant and Certus-N2 Devices) ................................................................................... 45 
2.9.3. PHY Reset Sequence (CertusPro-NX Devices) .............................................................................................. 46 

2.10. Latency .............................................................................................................................................................. 47 
2.11. User Interface .................................................................................................................................................... 47 

2.11.1. Management Bus Interface State Machine .................................................................................................. 48 
2.11.2. Media Independent Interface Management ................................................................................................ 49 

2.12. Hash Setting for Multicast Address Filtering ..................................................................................................... 49 
2.12.1. Steps to Use CRC-32 Calculator Utility ......................................................................................................... 49 

3. IP Parameter Description ............................................................................................................................................ 50 
3.1. MAC + PHY (Avant and Certus-N2 Devices) ...................................................................................................... 50 
3.2. MAC Only .......................................................................................................................................................... 53 
3.3. PHY Only (Avant and Certus-N2 Devices) .......................................................................................................... 54 
3.4. PHY Only (CertusPro-NX Devices) ..................................................................................................................... 56 
3.5. MAC + PHY + 1588 (CertusPro-NX Devices) ...................................................................................................... 57 
3.6. MAC + PHY (CertusPro-NX Devices) .................................................................................................................. 58 

4. Signal Description ....................................................................................................................................................... 60 
4.1. MAC + PHY Signals (Avant and Certus-N2 Devices) .......................................................................................... 60 
4.2. MAC Only Signals .............................................................................................................................................. 64 
4.3. PHY Only Signals (Avant and Certus-N2 Devices) .............................................................................................. 68 
4.4. PHY Only Signals (CertusPro-NX Devices) ......................................................................................................... 71 
4.5. MAC + PHY + 1588 Signals (CertusPro-NX Devices) .......................................................................................... 72 

4.5.1. Clock Signal for MAC + PHY + 1588 Signals .................................................................................................. 76 
4.6. MAC + PHY Signals (CertusPro-NX Devices) ...................................................................................................... 76 

5. Register Description ................................................................................................................................................... 79 
5.1. MAC + PHY Registers (Avant Devices) ............................................................................................................... 79 

5.1.1. Register Address Mapping ........................................................................................................................... 79 
5.2. MAC Registers ................................................................................................................................................... 79 

5.2.1. Configuration Registers for MAC .................................................................................................................. 79 
5.2.2. Interrupt Registers ....................................................................................................................................... 84 
5.2.3. Statistics Counters ........................................................................................................................................ 84 

5.3. ANLT Registers (Avant Devices) ........................................................................................................................ 89 
5.3.1. SEQ_CONTROL .............................................................................................................................................. 90 
5.3.2. SEQ_STATUS ................................................................................................................................................. 91 
5.3.3. AN_CONTROL_1 ........................................................................................................................................... 91 
5.3.4. AN_CONTROL_2 ........................................................................................................................................... 92 
5.3.5. AN_STATUS_1 .............................................................................................................................................. 93 
5.3.6. AN_STATUS_2 .............................................................................................................................................. 94 
5.3.7. AN_TIMER_1 ................................................................................................................................................ 94 
5.3.8. AN_TIMER_2 ................................................................................................................................................ 94 
5.3.9. AN_TIMER_3 ................................................................................................................................................ 95 
5.3.10. AN_ADV_ABILITY_LOW ................................................................................................................................ 96 
5.3.11. AN_ADV_ABILITY_HI .................................................................................................................................... 97 
5.3.12. LP_AN_ADV_ABILITY_LOW .......................................................................................................................... 97 
5.3.13. LP_AN_ADV_ABILITY_HI ............................................................................................................................... 97 
5.3.14. AN_NEXT_PAGE_LOW .................................................................................................................................. 98 
5.3.15. AN_NEXT_PAGE_HI ...................................................................................................................................... 98 

https://www.latticesemi.com/legal


10G Ethernet IP  
User Guide 
 
 

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-IPUG-02245-2.0  5 

5.3.16. LP_AN_NEXT_PAGE_LOW ............................................................................................................................ 98 
5.3.17. LP_AN_NEXT_PAGE_HI ................................................................................................................................ 99 
5.3.18. LT_CONTROL_1 .......................................................................................................................................... 100 
5.3.19. LT_CONTROL_2 .......................................................................................................................................... 101 
5.3.20. LT_TIMER_1 ................................................................................................................................................ 101 
5.3.21. LT_TIMER_2 ................................................................................................................................................ 102 
5.3.22. LT_STATUS_1 .............................................................................................................................................. 102 
5.3.23. LT_STATUS_2 .............................................................................................................................................. 103 
5.3.24. LT_CTRL_CHAN ........................................................................................................................................... 103 
5.3.25. LP_LT_CTRL_CHAN ..................................................................................................................................... 104 
5.3.26. LT_CTRL_CHAN_OVERRIDE ........................................................................................................................ 104 
5.3.27. LP_LT_CTRL_CHAN_OVERRIDE ................................................................................................................... 104 

5.4. PHY Registers (Avant Devices) ........................................................................................................................ 104 
5.4.1. Configuration Registers for PHY ................................................................................................................. 105 

5.5. PHY Registers (CertusPro-NX Devices) ............................................................................................................ 105 
5.6. MAC + PHY+ 1588 Registers (CertusPro-NX Devices) ...................................................................................... 105 

5.6.1. Register Address Mapping ......................................................................................................................... 105 
5.6.2. TSU Configuration Registers ....................................................................................................................... 105 

6. Example Design......................................................................................................................................................... 109 
6.1. Example Design Configuration ........................................................................................................................ 109 
6.2. Overview of Example Design and Features ..................................................................................................... 109 
6.3. Example Design Components .......................................................................................................................... 110 

6.3.1. Eval Example Design Components (CertusPro-NX Devices) ....................................................................... 110 
6.3.2. Versa Example Design Components (Avant Devices and CertusPro-NX Devices) ...................................... 111 

6.4. Generating Example Design ............................................................................................................................ 113 
6.4.1. Create New Radiant Project ....................................................................................................................... 113 
6.4.2. IP Installation and Generation .................................................................................................................... 117 
6.4.3. Importing Example Design Files to a Project .............................................................................................. 119 

6.5. Example Design Simulation ............................................................................................................................. 126 
6.5.1. 10 Gb Ethernet MAC Example Design Testbench Flow .............................................................................. 126 
6.5.2. Create a Simulation Project ........................................................................................................................ 127 

6.6. Hardware Testing ............................................................................................................................................ 132 
7. Designing with the IP ................................................................................................................................................ 138 

7.1. Generating and Instantiating the IP ................................................................................................................ 138 
7.1.1. Generated Files and File Structure ............................................................................................................. 142 

7.2. Design Implementation ................................................................................................................................... 142 
7.3. Timing Constraints .......................................................................................................................................... 143 

7.3.1. Create Clock Constraints for CertusPro-NX, Avant-AT-G/X, and Certus-N2 MAC Only Option .................. 143 
7.3.2. Create Clock Constraints for CertusPro-NX, Avant-AT-G/X, and Certus-N2 PHY Only Option ................... 143 
7.3.3. Create Clock Constraints for CertusPro-NX, Avant-AT-G/X, and Certus-N2 MAC + PHY Option ................ 144 

7.4. Specifying the Strategy.................................................................................................................................... 145 
7.5. Running Functional Simulation ....................................................................................................................... 145 

7.5.1. Simulation Results ...................................................................................................................................... 147 
8. Debugging ................................................................................................................................................................. 149 

8.1. General Debug Methodology .......................................................................................................................... 149 
8.2. Hardware Detection or Link-Up Failure .......................................................................................................... 149 

8.2.1. Debug Steps and Expected Results ............................................................................................................ 149 
8.3. Packet Corruption or Packet Loss.................................................................................................................... 150 

8.3.1. Debug Steps and Expected Results ............................................................................................................ 151 
8.4. Debug Tools Reveal Analyzer .......................................................................................................................... 151 
8.5. Contacting Technical Support ......................................................................................................................... 152 

9. Design Considerations .............................................................................................................................................. 153 
9.1. Clocking and PLL Resource Sharing Usage ...................................................................................................... 153 
9.2. SERDES Reference Clock Quality ..................................................................................................................... 153 

https://www.latticesemi.com/legal


10G Ethernet IP  
User Guide 
 
 

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-IPUG-02245-2.0  6 

9.3. Lane Assignment and Lane Merging ............................................................................................................... 153 
9.3.1. Lane Assignment Rules ............................................................................................................................... 153 
9.3.2. Lane Merging Considerations ..................................................................................................................... 153 

9.4. Clock Domain and Reset Strategy ................................................................................................................... 154 
9.4.1. Clock Domain Alignment ............................................................................................................................ 154 
9.4.2. Reset Sequencing ....................................................................................................................................... 154 

9.5. Timing Closure Guidelines ............................................................................................................................... 154 
9.6. Summary of Key Recommendations ............................................................................................................... 154 

10. Known Issues ............................................................................................................................................................ 155 
10.1. MAC Pause Frame Receipt Function with a Non-XGMII Interface .................................................................. 155 

10.1.1. Devices Affected ......................................................................................................................................... 155 
10.1.2. Designs Affected ......................................................................................................................................... 155 
10.1.3. Pause Frame Reception with Non-XGMII Interface ................................................................................... 155 
10.1.4. Planned Fix ................................................................................................................................................. 155 

10.2. TX Custom Preamble Mode Function with Non-XGMII Interface ................................................................... 155 
10.2.1. Devices Affected ......................................................................................................................................... 155 
10.2.2. Designs Affected ......................................................................................................................................... 155 
10.2.3. TX Custom Preamble Mode with Non-XGMII Interface ............................................................................. 155 
10.2.4. Planned Fix ................................................................................................................................................. 156 

10.3. Short Frame as Last Frame Limitation ............................................................................................................. 156 
10.3.1. Devices Affected ......................................................................................................................................... 156 
10.3.2. Designs Affected ......................................................................................................................................... 156 
10.3.3. Short Frame as Last Frame Limitation ........................................................................................................ 156 
10.3.4. Planned Fix ................................................................................................................................................. 156 

10.4. Minimum Pulse Width (MPW) Timing Error During Place And Route (PAR) When Using CertusPro-NX MPCS 
Module 156 

10.4.1. Devices Affected ......................................................................................................................................... 156 
10.4.2. Designs Affected ......................................................................................................................................... 156 
10.4.3. MPW Timing Error in CertusPro-NX MPCS Module.................................................................................... 156 
10.4.4. Planned Fix ................................................................................................................................................. 156 

Appendix A. Resource Utilization ..................................................................................................................................... 157 
Appendix B. Clock and Reset Requirements (CertusPro-NX) ............................................................................................ 158 
References ........................................................................................................................................................................ 159 
Technical Support Assistance ........................................................................................................................................... 160 
Revision History ................................................................................................................................................................ 161 

 

https://www.latticesemi.com/legal


10G Ethernet IP  
User Guide 
 
 

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-IPUG-02245-2.0  7 

Figures 
Figure 1.1. 10GBASE-R Application ..................................................................................................................................... 12 
Figure 2.1. 10GbE MAC + PHY IP Core Block Diagram ........................................................................................................ 15 
Figure 2.2. 10GbE MAC + PHY IP Core SyncE Block Diagram .............................................................................................. 15 
Figure 2.3. 10GBASE-KR MAC + PHY ................................................................................................................................... 16 
Figure 2.4. 10G Ethernet MAC IP Core Block Diagram ....................................................................................................... 18 
Figure 2.5. Untagged Ethernet Frame Format .................................................................................................................... 18 
Figure 2.6. Tagged Ethernet Frame Format ........................................................................................................................ 18 
Figure 2.7. AXI4-Stream RX Adapter Interface Diagram ..................................................................................................... 21 
Figure 2.8. Normal Frame Reception .................................................................................................................................. 21 
Figure 2.9. Back-to-back Frames Reception ....................................................................................................................... 22 
Figure 2.10. Frame Reception with In-Band FCS Passing .................................................................................................... 23 
Figure 2.11. Reception with Custom Preamble .................................................................................................................. 24 
Figure 2.12. AXI4-Stream TX Adapter Interface Diagram ................................................................................................... 24 
Figure 2.13. Default Normal Frame Transmission .............................................................................................................. 25 
Figure 2.14. Transmission with In-Band FCS Passing .......................................................................................................... 26 
Figure 2.15. Transmission with Custom Preamble Passing ................................................................................................ 27 
Figure 2.16. Receive Physical Interface for 8/6-bit GMII or MII ......................................................................................... 27 
Figure 2.17. Transmit Physical Interface for 8/16-bit GMII or MII ...................................................................................... 28 
Figure 2.18. 10G Ethernet PHY IP Core Block Diagram ....................................................................................................... 29 
Figure 2.19. Set the Lane ID Configuration of the 10G Ethernet PHY IP Core .................................................................... 30 
Figure 2.20. Lane ID Numbering ......................................................................................................................................... 30 
Figure 2.21. Lane Merging Report File ................................................................................................................................ 31 
Figure 2.22. Remapped Addresses for PCS Register Address through the AXI4-Lite Interface .......................................... 32 
Figure 2.23. Far End Parallel Loopback ............................................................................................................................... 33 
Figure 2.24. Near End Parallel Loopback ............................................................................................................................ 33 
Figure 2.25. CertusPro-NX 10G Ethernet PHY IP Core Hardware Supported Lane ............................................................. 34 
Figure 2.26. CertusPro-NX 10G Ethernet PHY IP Top-Level Block Diagram ........................................................................ 34 
Figure 2.27. Reference Clock Block Diagram ...................................................................................................................... 35 
Figure 2.28. 64b66b PCS Loopback Diagram ...................................................................................................................... 36 
Figure 2.29. PTP Time Synchronization Flow ...................................................................................................................... 37 
Figure 2.30. 10GbE MAC + PHY + 1588 IP Core Block Diagram .......................................................................................... 38 
Figure 2.31. PTP Over Ethernet .......................................................................................................................................... 39 
Figure 2.32. PTP Over Ethernet Frame Format ................................................................................................................... 39 
Figure 2.33. PTP Over UDP/IPV4 ......................................................................................................................................... 39 
Figure 2.34. PTP Over UDP/IPv6 ......................................................................................................................................... 40 
Figure 2.35. PTP Message Format ...................................................................................................................................... 40 
Figure 2.36. 10GbE MAC + PHY IP Core Block Diagram ...................................................................................................... 42 
Figure 2.37. 10G Clock Network Diagram for Avant and Certus-N2 Devices ..................................................................... 43 
Figure 2.38. 10G Clock Network Diagram for CertusPro-NX Devices ................................................................................. 44 
Figure 2.39. 10G Clock Network Diagram for CertusPro-NX Devices for MAC + PHY + 1588 Option ................................. 44 
Figure 2.40. Sequence to Configure RX MAC In-Band FCS Passing ..................................................................................... 45 
Figure 2.41. PHY Initialization Sequence ............................................................................................................................ 46 
Figure 2.42. Example Testbench Reset Waveform ............................................................................................................. 47 
Figure 2.43. State Machine ................................................................................................................................................. 48 
Figure 6.1 10 Gb Ethernet MAC IP Eval Example Design Block Diagram .......................................................................... 110 
Figure 6.2 10 Gb Ethernet MAC IP Versa Example Design Block Diagram ........................................................................ 111 
Figure 6.3. Start Page of the Radiant Software ................................................................................................................ 113 
Figure 6.4. Create a New Project ...................................................................................................................................... 113 
Figure 6.5. Add Source to Project ..................................................................................................................................... 114 
Figure 6.6. Select an Avant Device for the Project ........................................................................................................... 114 
Figure 6.7. Select an CPNX Device for the Project ............................................................................................................ 115 
Figure 6.8. Select a Synthesis Tool .................................................................................................................................... 115 

https://www.latticesemi.com/legal


10G Ethernet IP  
User Guide 
 
 

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-IPUG-02245-2.0  8 

Figure 6.9. Project Information ........................................................................................................................................ 116 
Figure 6.10. A Radiant Software Project is Created .......................................................................................................... 116 
Figure 6.11. IP Catalog ...................................................................................................................................................... 117 
Figure 6.12. IP Generation ................................................................................................................................................ 118 
Figure 6.13. Generate Component ................................................................................................................................... 118 
Figure 6.14. Configure Component .................................................................................................................................. 119 
Figure 6.15. File List in the Eval Directory ......................................................................................................................... 120 
Figure 6.16. Device Setup for Avant Devices .................................................................................................................... 121 
Figure 6.17. Device Setup for CertusPro-NX Devices ........................................................................................................ 122 
Figure 6.18. Add Related Files into the Radiant Software Project .................................................................................... 123 
Figure 6.19. CONTINUOUS_TRAFFIC parameter for Continuous Mode in versa_top.sv File............................................ 123 
Figure 6.20. NUM_PKT for Non-Continuous Mode .......................................................................................................... 123 
Figure 6.21. Add the tb_top_versa.sv File into the Radiant Software Project ................................................................. 124 
Figure 6.22. CONTINUOUS_TRAFFIC Parameter for Continuous Mode in the tb File ...................................................... 124 
Figure 6.23. CONTINUOUS_TRAFFIC Parameter for Non-Continuous Mode in the tb File .............................................. 125 
Figure 6.24. Set the tb_top_versa.sv File to be Included for Simulation Only ................................................................. 125 
Figure 6.25. Add the .pdc File into the Radiant Software Project .................................................................................... 125 
Figure 6.26. Timing Constraint File (versa.pdc Example from an Avant Device) .............................................................. 126 
Figure 6.27. 10G Ethernet MAC Example Design Testbench Flowchart ........................................................................... 126 
Figure 6.28. Create a Simulation Project .......................................................................................................................... 127 
Figure 6.29. Include Source Files ...................................................................................................................................... 127 
Figure 6.30. Set tb_top* as Top Module .......................................................................................................................... 128 
Figure 6.31. Change the Time Setting for Default Run ..................................................................................................... 128 
Figure 6.32. Example Design Simulation Waveform for Continuous Mode ..................................................................... 129 
Figure 6.33. Example Design Simulation Output for Continuous Mode ........................................................................... 129 
Figure 6.34. Example Design Simulation Waveform for Non-Continuous Mode ............................................................. 130 
Figure 6.35. Example Design Simulation Output for Non-Continuous Mode ................................................................... 131 
Figure 6.36. Avant-X Versa Board Setup ........................................................................................................................... 132 
Figure 6.37. CertusPro-NX Versa Board Setup .................................................................................................................. 132 
Figure 6.38. Loopback Module Setup ............................................................................................................................... 133 
Figure 6.39. Successful Design Compilation ..................................................................................................................... 133 
Figure 6.40. Cable Selection for Avant-AT-X Device ......................................................................................................... 133 
Figure 6.41. Programmer GUI ........................................................................................................................................... 134 
Figure 6.42. Passing Scenario on Avant-AT-X Device ........................................................................................................ 135 
Figure 6.43. Failing Scenario on Avant-AT-X Device ......................................................................................................... 136 
Figure 6.44. LED 7-Segment .............................................................................................................................................. 136 
Figure 7.1. Module/IP Block Wizard ................................................................................................................................. 138 
Figure 7.2. Configure the User Interface of 10GBASE-R Ethernet IP Core ........................................................................ 139 
Figure 7.3. Configure the User Interface of 10GBASE-KR Ethernet IP Core ...................................................................... 140 
Figure 7.4. Check Generated Result ................................................................................................................................. 141 
Figure 7.5. Synthesize Design ........................................................................................................................................... 141 
Figure 7.6. Timing Constraint File (.pdc) for the 10G MAC IP ........................................................................................... 142 
Figure 7.7. Simulation Wizard ........................................................................................................................................... 146 
Figure 7.8. Add and Reorder Source ................................................................................................................................. 146 
Figure 7.9. Summary Window .......................................................................................................................................... 147 
Figure 7.10. Simulation Results for 10GBASE-R or 10GBASE-KR ...................................................................................... 148 
Figure B.1. 10G PCS IP Core Clock Setup .......................................................................................................................... 158 
 

Tables 
Table 1.1. Summary of the 10G Ethernet IP ....................................................................................................................... 12 
Table 1.2. 10G Ethernet IP Support Readiness ................................................................................................................... 13 
Table 1.3. Minimum Device Requirements for 10G Ethernet IP Core ................................................................................ 14 

https://www.latticesemi.com/legal


10G Ethernet IP  
User Guide 
 
 

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-IPUG-02245-2.0  9 

Table 2.1. Shared Signal Mapping of 10G Ethernet IP to MPPHY for Lane Merging .......................................................... 31 
Table 2.2. AXI4-Lite to PCS Address and Data Conversion ................................................................................................. 32 
Table 2.3. Reference Clock Option Usage ........................................................................................................................... 35 
Table 2.4. Reference Clock MUX Tree Control Signals........................................................................................................ 35 
Table 2.5. PTP Header ......................................................................................................................................................... 40 
Table 2.6. PTP Body Format for Sync Message Type .......................................................................................................... 41 
Table 2.7. PTP Body Follow-Up Message Type ................................................................................................................... 41 
Table 2.8. PTP Body Format for the Delay Request Message Type .................................................................................... 41 
Table 2.9. PTP Body Format for the Delay Response Message Type .................................................................................. 42 
Table 2.10. PHY Delay Values ............................................................................................................................................. 42 
Table 2.11. MAC + PHY Attributes (Avant Devices) ............................................................................................................ 47 
Table 2.12. MAC + PHY Attributes (CertusPro-NX Devices) ................................................................................................ 47 
Table 2.13. User Interfaces and Supported Protocols ........................................................................................................ 47 
Table 3.1. MAC + PHY Attributes ........................................................................................................................................ 50 
Table 3.2. MAC Only Attributes .......................................................................................................................................... 53 
Table 3.3. PHY Only Attributes ........................................................................................................................................... 54 
Table 3.4. PHY Only Attributes (CertusPro-NX Devices) ..................................................................................................... 56 
Table 3.5. MAC + PHY + 1588 Attributes (CertusPro-NX Devices) ...................................................................................... 57 
Table 3.6. MAC + PHY  Attributes (CertusPro-NX Devices) ................................................................................................. 58 
Table 4.1. Signal Description—MAC + PHY ......................................................................................................................... 60 
Table 4.2. Signal Description—MAC Only ........................................................................................................................... 64 
Table 4.3. Signal Description—PHY Only ............................................................................................................................ 68 
Table 4.4. Signal Description—PHY Only (CertusPro-NX Devices) ...................................................................................... 71 
Table 4.5. Signal Description—MAC + PHY + 1588 (CertusPro-NX Devices) ....................................................................... 72 
Table 4.6. Clock Signal for MAC + PHY + 1588 Signals ........................................................................................................ 76 
Table 4.7. Signal Description—MAC + PHY (CertusPro-NX Devices)................................................................................... 76 
Table 5.1. Register Address Mapping ................................................................................................................................. 79 
Table 5.2. Access Types for MAC Only ................................................................................................................................ 79 
Table 5.3. Configuration Registers for MAC ....................................................................................................................... 79 
Table 5.4. MODE Register ................................................................................................................................................... 80 
Table 5.5. TX_CTL Register .................................................................................................................................................. 80 
Table 5.6. RX_CTL Register ................................................................................................................................................. 80 
Table 5.7. MAX_PKT_LNGTH Register ................................................................................................................................ 81 
Table 5.8. IPG_VAL Register................................................................................................................................................ 81 
Table 5.9. MAC_ADDR_0 Register ...................................................................................................................................... 82 
Table 5.10. MAC_ADDR_1 Register .................................................................................................................................... 82 
Table 5.11. TX_RX_STS Register.......................................................................................................................................... 82 
Table 5.12. VLAN_TAG Register .......................................................................................................................................... 83 
Table 5.13. MC_TABLE_0 Register ...................................................................................................................................... 83 
Table 5.14. MC_TABLE_1 Register ...................................................................................................................................... 83 
Table 5.15. PAUSE_OPCODE Register ................................................................................................................................. 83 
Table 5.16. MAC_CTL Register ............................................................................................................................................ 83 
Table 5.17. PAUSE_TM Register ......................................................................................................................................... 84 
Table 5.18. Summary of Interrupt Registers ....................................................................................................................... 84 
Table 5.19. INT_STATUS Register ....................................................................................................................................... 84 
Table 5.20. INT_ENABLE Register ....................................................................................................................................... 84 
Table 5.21. INT_SET Register .............................................................................................................................................. 84 
Table 5.22. Summary of Statistics Counters ....................................................................................................................... 85 
Table 5.23. Configuration Registers for ANLT ..................................................................................................................... 90 
Table 5.24. SEQ_CONTROL Register ................................................................................................................................... 90 
Table 5.25. SEQ_STATUS Register....................................................................................................................................... 91 
Table 5.26. AN_CONTROL_1 Register ................................................................................................................................. 91 
Table 5.27. AN_CONTROL_2 Register ................................................................................................................................. 92 
Table 5.28. AN_STATUS_1 Register .................................................................................................................................... 93 

https://www.latticesemi.com/legal


10G Ethernet IP  
User Guide 
 
 

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-IPUG-02245-2.0  10 

Table 5.29. AN_STATUS_2 Register .................................................................................................................................... 94 
Table 5.30. AN_TIMER_1 Register ...................................................................................................................................... 94 
Table 5.31. AN_TIMER_2 Register ...................................................................................................................................... 94 
Table 5.32. AN_TIMER_3 Register ...................................................................................................................................... 95 
Table 5.33. AN_ADV_ABILITY_LOW Register ...................................................................................................................... 96 
Table 5.34. AN_ADV_ABILITY_HI Register .......................................................................................................................... 97 
Table 5.35. LP_AN_ADV_ABILITY_LOW Register ................................................................................................................ 97 
Table 5.36. LP_AN_ADV_ABILITY_HI Register .................................................................................................................... 97 
Table 5.37. AN_NEXT_PAGE_LOW Register ....................................................................................................................... 98 
Table 5.38. AN_NEXT_PAGE_HI Register ............................................................................................................................ 98 
Table 5.39. LP_AN_NEXT_PAGE_LOW Register .................................................................................................................. 98 
Table 5.40. LP_AN_NEXT_PAGE_HI Register ...................................................................................................................... 99 
Table 5.41. LT_CONTROL_1 Register ................................................................................................................................ 100 
Table 5.42. LT_CONTROL_2 Register ................................................................................................................................ 101 
Table 5.43. LT_TIMER_1 Register ..................................................................................................................................... 101 
Table 5.44. LT_TIMER_2 Register ..................................................................................................................................... 102 
Table 5.45. LT_STATUS_1 Register ................................................................................................................................... 102 
Table 5.46. LT_STATUS_2 Register ................................................................................................................................... 103 
Table 5.47. LT_CTRL_CHAN Register ................................................................................................................................ 103 
Table 5.48. LP_LT_CTRL_CHAN Register ........................................................................................................................... 104 
Table 5.49. LT_CTRL_CHAN_OVERRIDE Register .............................................................................................................. 104 
Table 5.50. LP_LT_CTRL_CHAN_OVERRIDE Register ........................................................................................................ 104 
Table 5.51. Access Types for PHY ..................................................................................................................................... 104 
Table 5.52. Register Address Map for PHY ....................................................................................................................... 105 
Table 5.53. Register Address Map for PHY (CertusPro-NX Devices) ................................................................................. 105 
Table 5.54. Register Address Mapping ............................................................................................................................. 105 
Table 5.55. TSU Configuration Registers .......................................................................................................................... 105 
Table 5.56. [0x0000] Debug Register ................................................................................................................................ 106 
Table 5.57. [0x0004] Version Number Register ................................................................................................................ 106 
Table 5.58. [0x0008] PTP RX Packet Counter Register ..................................................................................................... 106 
Table 5.59. [0x000C] PTP TX Packet Counter Register...................................................................................................... 106 
Table 5.60. [0x0010] Non-PTP RX Packet Counter Register ............................................................................................. 107 
Table 5.61. [0x0014] Non-PTP TX Packet Counter  Register ............................................................................................. 107 
Table 5.62. [0x0018] Egress Delay Register ...................................................................................................................... 107 
Table 5.63. [0x001C] Ingress Delay Register ..................................................................................................................... 107 
Table 5.64. [0x002C] RX PTP Timestamp Buffer Register ................................................................................................. 107 
Table 5.65. [0x0030] TX PTP Timestamp Buffer Register ................................................................................................. 107 
Table 5.66. [0x0038] MAC Address 0 Register .................................................................................................................. 107 
Table 5.67. [0x003C] MAC Address 1 Register ................................................................................................................. 108 
Table 5.68. [0x0040] Packet Reset Register ...................................................................................................................... 108 
Table 5.69. [0x0044] Timestamp Buffer Register ............................................................................................................. 108 
Table 6.1. IP Configuration for the 10G Ethernet MAC IP Example Design ...................................................................... 109 
Table 6.2. APB Driver Configuration Registers ................................................................................................................. 111 
Table 6.3. AXI4-Lite Module or APB Module Configuration Registers .............................................................................. 112 
Table 6.4. Comparison of Eval and Versa Example Design Files ....................................................................................... 119 
Table 6.5. Description of Generated Files in the Eval Folder ............................................................................................ 120 
Table 6.6. Top-Level Files .................................................................................................................................................. 122 
Table 6.7. LED 7-Segment Description for Avant-X/G Versa Board .................................................................................. 137 
Table 6.8. General-Purpose LED (Green Color LED) Description for CertusPro-NX Versa Board ..................................... 137 
Table 7.1. Generated File List ........................................................................................................................................... 142 
Table A.1. Resource Utilization for CertusPro-NX, Avant, and Certus-N2 Devices ........................................................... 157 
 

https://www.latticesemi.com/legal


10G Ethernet IP  
User Guide 
 
 

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-IPUG-02245-2.0  11 

Abbreviations in This Document 
A list of abbreviations used in this document. 

Abbreviation Definition 

APB Advanced Peripheral Bus 

AXI4-Lite Advanced eXtensible Interface 4 Lite 

AXI4-Stream/AXI4S Advanced eXtensible Interface 4 Stream 

ANLT Auto-Negotiation and Link Training 

CRC Cyclic Redundancy Check 

DA Destination Address 

DFE Decision Feedback Equalizer 

DME Differential Manchester Encoding 

DIC Deficit Idle Count 

EBR Embedded Block RAM 

FCFEC Firecode Forward Error Correction 

FCS Frame Check Sequence 

FIFO First-In First-Out 

GMII Gigabit Media Independent Interface 

GPLL Generic Phase-Locked Loop 

IPG Inter-Packet Gap 

LINTR Lattice Interrupt Interface 

LUT Look-Up Table 

L/T Length/Type 

MAC Media Access Controller 

MII Media Independent Interface 

MDIO Management Data Input/Output 

MMD MDIO Manageable Device 

MTU Maximum Transmission Unit 

PCS Physical Coding Sublayer 

PHY Physical Layer Device 

PMA Physical Medium Attachment  

PTP Precision Time Protocol 

SA Source Address 

SFD Start Frame Delimiter 

SOF Start of Frame 

ToD Time of Day 

TSU Timestamp Unit 

VLAN Virtual Local Area Network 

XGMII 10-Gigabit Media Independent Interface 
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1. Introduction 

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

The following figure shows an example of a 10GBASE-R application. The 10GbE MAC is connected to the 10GbE PHY 
within the 10G Ethernet IP core through the XGMII interface.  

10G Ethernet MAC
10G Ethernet PHY

10GBASE-R 

configured

XGMII 

Interface

AXI4-Stream 

Interface

Serial 

Interface

Higher Application / 

User Logic

10G Ethernet IP Core

 

Figure 1.1. 10GBASE-R Application 

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

Table 1.1. Summary of the 10G Ethernet IP  

IP Requirements 

Supported Devices 
Lattice CertusPro™-NX  
(Speed grade 9 only for PHY support) 

Lattice Avant™-AT-G/X, Lattice 
Certus™-N2 

IP Option 

• MAC only 

• PHY only 

• MAC + PHY + 15881 

• MAC + PHY 

• MAC only 

• PHY only 

• MAC + PHY  

• ANLT3 

IP Changes2 
For a list of changes to the IP, refer to the 10G Ethernet IP Release Notes 
(FPGA-RN-02031). 

Resource Utilization 
Supported User Interface AXI4-Stream/APB/AXI4-Lite interface. 

Resources See Appendix A. Resource Utilization. 

Design Tool Support 

Lattice Implementation IP core v3.5.0—Lattice Radiant™ software 2026.1 or later.  

Synthesis Synopsys® Synplify Pro® software, O-2018.09LR-SP1. 

Simulation 
For the list of supported simulators, see the Lattice Radiant Software User 
Guide. 

Driver Support API Reference 
Refer to the 2.5G, 10G, and 25G Ethernet Driver API Reference (FPGA-TN-
02375). 

Notes:   

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

3. ANLT supports only Avant and Certus-N2 devices. 

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

Table 1.2. 10G Ethernet IP Support Readiness 

Device Family Mode Radiant Timing Model 

Avant-AT-G/X MAC only, PHY only, MAC + PHY, ANLT Preliminary  

Certus-N2 MAC only, PHY only, MAC + PHY, ANLT Preliminary  

CertusPro-NX MAC only, PHY only Final  

MAC + PHY + 1588 Final  

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

MAC 

• Compliant to the IEEE 802.3-2012 standard 

• Supports standard 10 Gbps Ethernet link layer data rate 

• 64-bit wide internal datapath operating at 156.25 MHz 

• AXI4-Stream data interface on the client transmit and receive interfaces 

• Supports deficit idle count (DIC) 

• Supports VLAN and jumbo frames of 9,600 bytes 

• Custom preamble mode1 

• Independent TX and RX Maximum Transmission Unit (MTU) frame length 

• Comprehensive statistics support 

• Optional frame check sequence (FCS) generation on transmission 

• Optional FCS stripping during reception 

• Optional multicast address filtering 

• Programmable Inter-Packet Gap 

• Supports flow control using pause frames 

• Automatic padding of short frames 

• Supports full-duplex operation 

• Advanced Peripheral Bus (APB) or AXI4-Lite management bus interface for register access 

• Supports 8-bit/16-bit GMII or 4-bit MII to and from PHY layer 

• Programmable promiscuous (transparent) mode 

 

PHY 

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

• 64b/66b encoding and decoding 

• XGMII interface: 64-bit, 156.25 MHz 

• TX phase FIFO and RX clock compensation FIFO  

• Supports APB and AXI4-Lite management bus interfaces for control and status register access2  

• Supports FCFEC 
 

MAC + PHY + 1588 (CertusPro-NX) 

• Timestamping support as specified in the IEEE 1588v2 (2-step mode) 
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Notes:  

1. Only supported by XGMII interface. 

2. CertusPro-NX devices support only APB management interface. 

 

10GBASE-KR MAC + PHY (Avant, Certus-N2), 10GBASE-KR PHY (Avant, Certus-N2) 

• Supports Auto-Negotiation (IEEE 802.3 Clause 73) and Link Training (IEEE 802.3 Clause 72) 

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

1.5.1. Hardware Evaluation 

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

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

1.7. Minimum Device Requirements 
The minimum device requirements for the 10G Ethernet IP core are as follows: 

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

Devices Speed Grades 

Avant-AT-G/X All speed grades  

Certus-N2 All speed grades 

CertusPro-NX Speed grade 9  

 

1.8. Naming Conventions 

1.8.1. Nomenclature 

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

1.8.2. Signal Names 

Signal names that end with: 

• _n are active low signals (asserted when value is logic 0) 

• _i are input signals 

• _o are output signals 

• _io are bi-directional input/output signals 
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2. Functional Description 

2.1. MAC + PHY (Avant and Certus-N2 Devices) 

2.1.1. IP Architecture Overview 

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

For Lane Merging details, refer to the Lane Merging (Avant and Certus-N2 Devices) section. 

2.1.2. Block Diagram 

10G Ethernet PHY IP Core10G Ethernet MAC IP Core

Generic SERDES Foundation IP 

– 10GBASE-R configured

MPPHYX4

PCS PMA

Serial 

Interface

XGMII

Other Controls/ Status

MAC Core

RX MAC

TX MAC

Management

CSRAXI4-Lite

AXI4-Stream Adapter

Statistics 

counter

AXI4-Stream

AXI4-Lite or APB

Statistic vector

Mux

10G Ethernet MAC + PHY Soft IP

RCM

 AXI4-Lite or APB

Management

CSRAXI4-Lite

 

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

E10G MAC

E10G PHY LVDS HPIO

Clock Jitter Cleaners

txmac_clk_i

rxmac_clk_i

xg_tx_gclk_o

xg_tx_clk_i

xg_rx_clk_i

reclk[p,n]_i

xg_rx_gclk_o
(recovered_clk)

Feedback recovered clockCleaned 156.25 MHz reference clock 156.25 MHz

lscc_ten_gbe_phy_mac

Avant FPGA

Fabric

Development Board

156.25 MHz

156.25 MHz

 

Figure 2.2. 10GbE MAC + PHY IP Core SyncE Block Diagram 
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2.1.3. Management Block 

The Management block can be accessed through the AXI4-Lite or APB interface when the MAC + PHY option is selected.  

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

2.2. 10GBASE-KR MAC + PHY (ANLT) 
The 10GBASE-KR implements an Ethernet MAC in accordance with the IEEE 802.3 standard. The IP core includes an 
Ethernet MAC and PHY that handle frame encapsulation and manage the flow of data between the client logic and the 
Ethernet network. The following figure shows the components supported within the 10GBASE-KR PHY IP core. 

10G MAC ANLT Top
10G ANLT MPPHY

txdata

10GBASE-KR PHY

10GBASE-KR MAC + PHY

Management 
Interface 
Decoder

User Management Bus

ANLT Management Interface

MPPHY Management Interface

rxdata

MAC Management Interface

ANLT 
Management 
Interface

 

Figure 2.3. 10GBASE-KR MAC + PHY 

The 10GBASE-KR IP consists of a 10G MAC and a 10GBASE-KR PHY. Within the 10GBASE-KR PHY, there are ANLT block 
and MPPHY, which are configured by default for ANLT operation. In this configuration, the MPPHY operates in PMA66 
mode at a data rate of 10.3125 Gbps. The RX CDR operates in lock-to-reference-clock mode during auto-negotiation 
(AN) and in lock-to-data mode during  link training (LT). 
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2.2.1. Auto-Negotiation (AN)—IEEE 802.3 Clause 73 

The auto-negotiation block synchronizes the start of link training on both sides of the link. This functionality ensures 
that the link training is completed within 300 ms or less, as required by the IEEE specification. 

The 10GBASE-KR IP includes a configurable Next Page exchange feature.  

Follow the steps below to perform Next Page configuration: 

Next Page Feature is Disabled 

The local device automatically replies with a Null Message whenever a Next Page is received from the Link Partner.  

Next Page Feature is Enabled 

1. You are responsible for managing the Next Page exchange handshake, including replying with a Null Message when 
there is no additional Next Page to send. 

2. Base page is advertised with Next Page bit set to 1. 

3. The first assertion of an_page_rx_o port or an_page_rx register, together with base_page register equal to 1, 
indicates that the base page from the link partner has been received. 

4. Configure the Next Page registers in the following sequence. If another Next Page needs to be sent after the 
current one, an_next_page_low[15] must be set to 1. 

• an_next_page_low 

• an_next_page_hi 

5. Configure an_nxt_page_load to 1, to initiate transmission of the Next Page from the Local Device. 

6. Wait for assertion of an_page_rx_o or an_page_rx register. This indicates the reception of a Next Page from Link 
Partner. The base_page register should read 0. 

7. Read Link Partner's Next Page register in the following sequence. 

• lp_an_next_page_low 

• lp_an_next_page_hi 

8. Check for the following conditions. 

• If the Local Device still has additional Next Page to send, return to Step 5.  

• If the Local Device has no more Next Page to send and lp_an_next_page_low[15] is 1, return to Step 4, and 
configure an_next_page_low/hi with Null Message. 

• If the Local Device has no more Next Page to send and lp_an_next_page_low[15] is 0, the Next Page exchange 
is complete. 

2.2.2. Link Training (LT)—IEEE 802.3 Clause 72 

The link training IP complies with the IEEE 802.3 Clause 72 standard training procedure. This block includes the 
following functions: 

• Communication with the link partner using a control channel through the Differential Manchester Encoding (DME), 
followed by transmission of a 4,096-bit training pattern over a 10.3125 Gbps link. 

• The control channel carries the requested TX‑coefficient update values and coefficient update status, allowing 
both devices to handshake during TX equalizer adjustment. 

• A training pattern generated from PRBS11 and transmitted at the actual data rate is used to tune the equalizer for 
optimal settings and can also be used for bit‑error checking. 

2.3. MAC 

2.3.1. IP Architecture Overview 

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

 

FPGA
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Figure 2.4. 10G Ethernet MAC IP Core Block Diagram 

2.3.3. Ethernet Data Format 

Per the IEEE 802.3 standard, the minimum Ethernet frame size—excluding the preamble and Start Frame Delimiter 
(SFD)—is 64 bytes. The Data and Pad fields are mutually dependent. 

Untagged frames—Header (14 bytes) + Data + Pad = 64 bytes minimum: 

• Data: 0-1500 bytes 

• Pad: 0-46 bytes (automatically added for short frames) 

The following figure shows an untagged Ethernet frame format.  

Number 
of Bytes 7 1 6 6 2 0-1500 0-46 4

Preamble
Start of Frame 
Delimiter (SFD)

Destination 
Address (DA)

Source Address 
(SA)

Length/Type 
(L/T)

Data Pad
Frame Check 

Sequence (FCS)
 

Figure 2.5. Untagged Ethernet Frame Format 

Tagged frames— Header (18 bytes) + Data + Pad = 64 bytes minimum: 

• Data: 0-1500 bytes 

• Pad: 0-42 bytes (automatically added for short frames) 

 

Note: The 4-byte VLAN Tag reduces the maximum Pad size by 4 bytes compared to untagged frames 

 

The following figure shows a tagged Ethernet frame format. 

Number 
of Bytes 7 1 6 6 4 2 0-1500 0-42

Preamble
Start of Frame 
Delimiter (SFD)

Destination 
Address (DA)

Source Address 
(SA)

Tag
Length/Type 

(L/T)
Data Pad

Frame Check 
Sequence (FCS)

4

 

Figure 2.6. Tagged Ethernet Frame Format 

The MAC is responsible for constructing a valid frame from the data received from the client before transmitting it. On 
the receiver path, it receives frames from the network and passes the parameters of the frame to the client. 

The fields that are expected from the client-side interface can be one of the following: 
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• The frame contains the FCS along with the destination address (DA), source address (SA), length/type (L/T), and 
data. The TX MAC adds the preamble and start frame delimiter (SFD) before transmitting the frame. This mode can 
be set by enabling tx_pass_fcs bit in the TX_CTL register. For register details, see the Configuration Registers for 
MAC section. For timing details, see the In-Band FCS Passing section. 

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

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

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

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

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

• Transfer the frame in promiscuous mode by setting the prms bit of RX_CTL register. For register details, see the 
Configuration Registers for MAC section. This mode transfers all frames it receives to the client rather than passing 
only the frames that it is specifically programmed to receive. 

In all cases, the preamble and SFD bytes are always stripped off the frame before it is transferred on the  data interface 
unless the rx_pass_pream bit is set in the RX_CTL register. When rx_pass_pream bit is set, the RX MAC does not check 
for the SFD. 

2.3.4. Receive MAC 

The Receive MAC receives the incoming frames and transfers them to the client via the AXI4-Stream interface. In the 
process, it performs the following operations: 

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

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

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

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

The RX MAC operation is determined by programming the MODE and RX_CTL registers. For register details, see the 
Configuration Registers for MAC section.  

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

Once a valid SOF is detected, the DA field of the incoming frame is analyzed. If the DA field is a unicast address, it is 
compared with the programmed MAC address. Unless the prms bit of RX_CTL register is set, the incoming frame is 
discarded if the DA field and the programmed MAC address (MAC_ADDR_{0,1} registers) do not match, all such frames 
are dropped (except PAUSE frames). If the frame had a multicast address and if receive_all_mc signal is asserted, the 
multicast frames are subject to the following address filtering rules—For all frames with multicast address, the CRC of 
the destination address is computed and the mid-six bits of the least significant byte of the CRC is chosen as the address 
to a hash table. The 64-bit hash table is programmed in the MC_TABLE_{0,1} registers. The MAC implements an eight-
row table with eight bits in each row. The upper three bits of the selected CRC are used to select one of these eight rows 
and the next lower three bits are used to select one of the bits in the selected table. The incoming multicast frame is 
accepted if the bit selected from the hash table is set to one. It is discarded if the bit selected is zero. Refer to the Hash 
Setting for Multicast Address Filtering section guidance on hash index setting. 

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

The MAC recognizes Ethernet PAUSE control frames according to IEEE 802.3 flow‑control semantics and supports a 
non‑standard unicast variant. A PAUSE frame is recognized as a valid flow‑control frame when it carries the multicast 
destination address 01‑80‑C2‑00‑00‑01, has a Length/Type field of 0x8808, and contains the PAUSE opcode 0x0001. 
Upon receipt of such a frame, the MAC updates its internal PAUSE state accordingly. In addition to supporting the 
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IEEE‑standard multicast PAUSE frame, the MAC also accepts a non‑standard unicast PAUSE frame when the destination 
address matches the programmed unicast MAC address and the Length/Type and opcode fields are set to 0x8808 and 
0x0001, respectively. This unicast acceptance behavior is included to ensure interoperability with devices that transmit 
PAUSE frames using unicast addressing. 
If a frame is received with the standard PAUSE multicast destination address (01‑80‑C2‑00‑00‑01) but the Length/Type 
field is not 0x8808, the frame is not dropped by the 10G MAC. Instead, it is passed to the client interface, leaving any 
necessary filtering to the application or higher-layer logic. Only frames that meet the full PAUSE criteria—DA, L/T, and 
opcode—affect the MAC transmit flow‑control state. 

2.3.5. Transmit MAC 

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

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

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

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

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

The TX MAC operation is determined by programming the MODE and TX_CTL registers. For register details, see the 
Configuration Registers for MAC section.  

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

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

The frame is not sent over the network until the network has been idle for a minimum of Inter-Packet Gap (IPG) of 12 
bytes. The IPG is adjustable through the tx_ipg field of the IPG_VAL register. The Transmit MAC uses Deficit Idle Count  

(DIC) to reach an average IPG of 8 bytes + (tx_ipg x 4 bytes). With the default tx_ipg value of 1, the Transmit MAC aims 
for an average IPG of 12 bytes. For more information on DIC, refer to the IEEE 802.3-2012 Section 46. 

The TX MAC requires a continuous, uninterrupted stream of data for the entire duration of a frame. Data transfer gaps 
within a frame are not permitted. After completing the transmission of a frame, the TX MAC waits for the next frame 
from the AXI4‑Stream interface. During this interval, it transitions into an idle state, which can be observed by reading 
the TX_RX_STS register. Because the MODE register can be written at any time, the TX MAC may be disabled while it is 
actively transmitting. In this case, the MAC finishes transmitting the current frame before returning to the idle state. 
Configuration registers must only be modified after the MAC has fully returned to the IDLE state. 

To transmit a pause frame, the application layer directly instructs the TX MAC to transmit a pause frame. This is 
accomplished by asserting the tx_pausreq bit of MAC_CTL register. In this case, the TX MAC completes the transmission 
of the current packet and then transmits a pause frame with the pause time value supplied through the tx_paustm bits 
of the PAUSE_TMR register. Alternatively, a pause frame can be generated by asserting tx_pausreq_i with the pause 
time supplied through tx_paustm_i. 
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2.3.6. Receive AXI4-Stream Interface 

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

AXI4-Stream RX Adapter

axis_rx_tdata_o[63:0]

axis_rx_tkeep_o[7:0]

axis_rx_tvalid_o

axis_rx_tlast_o

Internal FIFO Interface

axis_rx_tuser_o

 

Figure 2.7. AXI4-Stream RX Adapter Interface Diagram 

2.3.6.1. Default Normal Frame 

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

• T0: MAC asserts axis_rx_tvalid_o to indicate start of frame. The valid packet includes from the DA field up to the 
end of the data field. 

• T1: MAC asserts axis_rx_tlast_o to indicate last packet transfer.  

• T2: MAC deasserts axis_rx_tvalid_o when there is no next packet transfer. 
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Figure 2.8. Normal Frame Reception 

* Note: Under normal circumstances, the axis_rx_tuser_o signal must not be toggled when there is no error. However, 
   if an error occurs and the axis_rx_tuser_o signal is toggled, user must check on the status signal—rx_statvec_o 
   signal. 
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The following figure shows the timing diagram of a back-to-back frame at the Receive AXI4-Stream interface: 

• T0: MAC asserts axis_rx_tvalid_o to indicate start of frame. The valid packet starts from the DA field up to the end 
of the data field. 

• T1: MAC asserts axis_rx_tlast_o to indicate last packet transfer.  

• T2: MAC still asserts the axis_rx_tvalid_o to indicate another packet transfer. 
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Figure 2.9. Back-to-back Frames Reception 

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

The following figure shows the timing diagram of a frame with in-band FCS. The FCS field is included inside the valid 
frame. 
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Figure 2.10. Frame Reception with In-Band FCS Passing 

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

The following figure shows the timing diagram of a frame with custom preamble mode enabled. A custom preamble 
(CP) field is included inside the valid frame. 
Note: Custom preamble mode is only supported by XGMII interface. 
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Figure 2.11. Reception with Custom Preamble 

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

 

2.3.7. Transmit AXI4-Stream Interface 

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

AXI4-Stream TX Adapter

axis_tx_tdata_i[63:0]

axis_tx_tkeep_i[7:0]

axis_tx_tvalid_i

axis_tx_tlast_i

Internal FIFO Interface

axis_tx_tready_o

 

Figure 2.12. AXI4-Stream TX Adapter Interface Diagram 
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2.3.7.1. Default Normal Frame 

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

• T0: Client asserts axis_tx_tvalid_i to indicate the start of packet transfer. It must hold the data and axis_tx_tvalid_i 
until axis_tx_tready_o asserts. 

• T1: Client continues to send data once it sees axis_tx_tready_o asserted. 

• T2: Client asserts axis_tx_tlast_i to indicate last packet transfer. 

• T3: Client deasserts axis_tx_tvalid_i when there is no packet transfer. Transmit MAC also deasserts 
axis_tx_tready_o once it sees the last packet transfer (axis_tx_tlast_i = 1). 
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Figure 2.13. Default Normal Frame Transmission 

* Note: You can inject the error by asserting the axis_tx_tuser_i signal during EOP. Otherwise, the axis_tx_tuser_i signal 
               must drive to low. 
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2.3.7.2. In-Band FCS Passing 

The following figure shows the timing diagram of a frame when In-Band FCS passing is enabled. 
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Figure 2.14. Transmission with In-Band FCS Passing 

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

The following figure shows the timing diagram of a frame when custom preamble passing is enabled. 
Note: Custom preamble mode is only supported by XGMII interface. 
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Figure 2.15. Transmission with Custom Preamble Passing 

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

2.3.8. Data Packing 

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

Data Packing

Mux
8-/16-bit GMII RX

4-bit MII RX
4/8/16Data Pack64-bit XGMII

 
Figure 2.16. Receive Physical Interface for 8/6-bit GMII or MII  

 

The receiver side takes the 8-bit/16-bit GMII or 4-bit MII interface data and transforms it into XGMII packets. The 
transformation process involves detecting the assertion of the RX data-valid signal (gmii_rx_dv_i, gmii_16_rx_dv_i, or 
mii_rx_dv_i). When asserted, the module replaces the first preamble symbol (0x55) with a Start character (0xFB), packs 
the 4/8/16‑bit data into a 64‑bit word, and stores the reconstructed 64‑bit data into a first‑in, first‑out (FIFO) buffer 
before sending it to the MAC layer. The module also inserts an End‑of‑Frame character (0xFD) when the data‑valid 
signal is deasserted. 
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Data Unpacking

Demux
8-/16-bit GMII

4-bit MII

4/8/16Data Unpack64-bit XGMII

 
Figure 2.17. Transmit Physical Interface for 8/16-bit GMII or MII 

The transmitter side converts the 64‑bit XGMII data into 8‑bit/16‑bit GMII or 4‑bit MII data. When the module detects 
the Start character (0xFB), it asserts the TX data‑valid signal (gmii_tx_en_o, gmii_16_tx_en_o, or mii_tx_en_o) and 
replaces the Start character with a preamble symbol (0x55). It then unpacks and stores the reconstructed 4/8/16‑bit 
data into a FIFO before sending it to the PHY layer. When the module detects the End‑of‑Frame character (0xFD), it 
deasserts the gmii_tx_en_o, gmii_16_tx_en_o, or mii_tx_en_o signal and removes the 0xFD character before 
transmitting the remaining data. 

 

The IFG becomes longer when converting 64‑bit XGMII data to 4/8/16‑bit GMII/MII because the narrower interfaces 
must serialize the data in smaller chunks. This packing or unpacking process, along with alignment requirements and 
FIFO buffering delays, causes extra Idle characters to be inserted, effectively stretching the IFG duration. 

2.3.9. MAC Management Block 

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

• Configuration of the core 

• Access to interrupt block 

• Access to statistics counter 

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

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

2.4. PHY (Avant and Certus-N2 Devices) 

2.4.1. IP Architecture Overview 

The 10G Ethernet PHY IP core adapts the MAC XGMII interface to enable serial communication according to the IEEE 
802.3 10GBASE-R standard. It supports 64 bits of data and 8 bits of control signals for both the transmit and receive 
paths. This  instantiates the MPPHY foundation IP configured as 1-Lane 64b/66b PCS and a Management block that 
supports AXI4-Lite, or APB access to PCS registers. For more information on MPPHY foundation IP, refer to the Lattice 
Avant SERDES/PCS User Guide (FPGA-TN-02313). 
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2.4.2. Block Diagram 

The following figure shows the top-level block diagram of the 10G Ethernet PHY IP core. 
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10G Ethernet PHY IP Core
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User Logic

 

Figure 2.18. 10G Ethernet PHY IP Core Block Diagram 

2.4.3. Lane Merging (Avant and Certus-N2 Devices) 

2.4.3.1. Overview 

The LAV-AT-G/X70 silicon can have up to seven usable quads while the LAV-AT-G/X30 silicon have up to three usable 
quads depending on the package. The Certus-N2 device has up to two usable quads depending on the package. Each 
MPPHY block is a quad made up of four lanes (X4). Therefore, a single LAV-AT-G/X70 device could theoretically contain 
up to 28 lanes across seven quads. 

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

 
Note: For more information, refer to the Lattice Avant-G/X MPPHY Module User Guide (FPGA-IPUG-02233) and the 

Lattice Nexus 2 SERDES/PCS User Guide (FPGA-TN-02395). 

2.4.3.2. Usage 

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

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

To set the Lane ID, follow these steps: 

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

2. In the PCS Lane ID field, set the lane ID configuration of the IP as shown in the figure below. By default the ID is set 
to AUTO. If AUTO lane ID is selected, the pin location assignment must be included in the sdc or ldc constraint file. 
If the ID is not set to AUTO, in the case of a conflict between the Lane ID configuration and a top-level design port 
constraint, the top-level design port constraint takes precedence, which means the Lane ID setting is ignored and a 
warning message is shown. 
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Figure 2.19. Set the Lane ID Configuration of the 10G Ethernet PHY IP Core 

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

Lane 0Lane ID Lane 1 Lane 2 Lane 3

MPPHY_MPQ0

Lane 4 Lane 5 Lane 6 Lane 7

MPPHY_MPQ1

 

Figure 2.20. Lane ID Numbering 
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2.4.3.3. Lane Merging Report 

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

 

Figure 2.21. Lane Merging Report File 

2.4.3.4. Restrictions and Limitations 

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

• Shared reference clock connection. 

• Shared LMMI clock and reset connections. 

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

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

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

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

MPPHY 10G Ethernet IP Direction 

lmmiclk_q0_i sysbus_clk_i Input 

refclk_p_q0_i 
refclk_n_q0_i 

pad_refclkp_i 
pad_refclkn_i 

Input 

lmmireset_n_q0_i reset_n_i Input 

txoutgclk_pll0_q0_o xg_tx_gclk_o[0] Output 

txoutgclk_pll1_q0_o xg_tx_gclk_o[1] Output 

 

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

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

For PCS register access through AXI4-Lite, this soft IP requires the use of remapped addresses (0xA000 – 0xA0FC) as 
AXI4-Lite addresses must be DWORD-aligned (0xA000, 0xA004, 0xA008, 0xA00C, and so on). To get the corresponding 
AXI4-Lite addresses, you will need to left shift even-numbered PCS address once (or multiply by two) – the lower 2 
bytes of the AXI4-Lite read/write data will be mapped to the even-numbered PCS register; while the upper 2 bytes of 
the AXI4-Lite read/write data will be mapped to the subsequent odd-numbered PCS register.  

For details and illustrations on how the AXI4-Lite address remapping works, refer to Table 2.2 and Figure 2.22. 

Note: The read/write data values used in the following illustrations are just examples and are not the suggested register 
values to be written. Because PCS registers are half-duplex, simultaneous write to/read from PCS registers 
through AXI4-Lite channels are not supported. 

With APB interfaces, no address remapping is required. The actual PCS Module Registers addresses (0x5000 – 0x507F) 
are used. For register details, refer to the PHY Registers (Avant Devices) section and the PHY Registers (CertusPro-NX 
Devices) section. 

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

axi4l_awaddr_i[31:0] 
/ axi4l_araddr_i[31:0] 

axi4l_wdata_i[31:0] / 
axi4l_rdata_o[31:0] 

PCS Register 
Address (16-bit) 

Access Types PCS Register Values (16-bit) 

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

0x5001 — Not available 

0xA004 0xaabbccdd 
0x5002 RW 0xccdd = axi4l_wdata_i[15:0] 

0x5003 RW 0xaabb = axi4l_wdata_i[31:16] 

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

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

0xA0FC 0x8899eeff 
0x507E RO Read-only register 

0x507F RW 0x8899 = axi4l_wdata_i[31:16] 

 

Address = A000 byte3 byte2 byte1 byte0

Address = A004 byte3 byte2 byte1 byte0

Address = A008 byte3 byte2 byte1 byte0

Address = A00C byte3 byte2 byte1 byte0

Address = 5000 byte3 byte2 byte1 byte0

Address = 5001 byte3 byte2 byte1 byte0

Address = 5002 byte3 byte2 byte1 byte0

Address = 5003 byte3 byte2 byte1 byte0
 

Figure 2.22. Remapped Addresses for PCS Register Address through the AXI4-Lite Interface 
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2.4.5. Loopback Modes     

2.4.5.1.   Far End Parallel Loopback                                                                                                                                                                     

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

MPPHY Foundation IP

MPPHY

TX PCS TX PMA

10G Ethernet PHY IP Core

Management

RX PCS RX PMA

 

Figure 2.23. Far End Parallel Loopback 

2.4.5.2. Near End Parallel Loopback 

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

MPPHY Foundation IP

MPPHY

TX PCS TX PMA

10G Ethernet PHY IP Core

Management

RX PCS RX PMA

 

Figure 2.24. Near End Parallel Loopback 

2.5. PHY (CertusPro-NX Devices) 

2.5.1. IP Architecture Overview 

The CertusPro-NX 10G Ethernet PHY IP core provides the XGMII interface to the MAC and follows the IEEE 802.3 
10GBASE-R standard. It supports 64 bits of data and 8 bits of control signals for both transmit and receive paths. Due to 
hardware limitation, CertusPro-NX 10G Ethernet PHY IP core can only be placed on the following lanes:  

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

• LFCPNX-50 supported lanes: Lane 2 and Lane 3 only. 
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MPCS

 

Figure 2.25. CertusPro-NX 10G Ethernet PHY IP Core Hardware Supported Lane 

This IP core instantiates the MPCS Module foundation IP configured as 1-Lane 64b/66b PCS, and supports APB access to 
MPCS registers. For more information on MPCS Module foundation IP, refer to the MPCS Module User Guide 
(FPGA-IPUG-02118).  

2.5.2. Block Diagram 

The following figure shows the top-level block diagram of the 10G Ethernet PHY IP core. 
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Figure 2.26. CertusPro-NX 10G Ethernet PHY IP Top-Level Block Diagram 

2.5.3. Lane Merging (CertusPro-NX Devices) 

For more information on Lane Merging for CertusPro-NX devices, refer to the CertusPro-NX SerDes/PCS User Guide 
(FPGA-TN-02245). 
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2.5.4. Reference Clocks 

The CertusPro-NX 10G Ethernet PHY IP core provides other sources of reference clocks. Reference clocks are selectable 
from the PHY Configuration section of the IP GUI configuration. Refer to the following figure and table below. 

10G Ethernet 
PHY IP Core

DIFFCLKIO_
CORE

refclkp0_ext_i

diffioclksel_i

refclkn0_ext_i

refclkp1_ext_i

refclkn1_ext_i

Left PLL
pll_0_refclk_i

Right 
PLL

pll_1_refclk_i

sd_pll_refclk_i

use_refmux_i

clksel_i[1:0]

pad_refclkp_i

pad_refclkn_i

pad_txn_o

pad_txp_o

pad_rxn_i

pad_rxp_i PCSREFMUX

MPCS Module

 

Figure 2.27. Reference Clock Block Diagram 

Table 2.3. Reference Clock Option Usage 

PMA Reference Clock Option Usage 

manual_select Reference clock selection using the clock port. Refer to Table 2.4. 

sd_ext_0_refclk Quad 0 single-ended external clock without DIFFCLKIO_CORE. 

sd_ext_1_refclk Quad 1 single-ended external clock without DIFFCLKIO_CORE. 

pad_refclk Input from pad_refclkp/n_i. 

pclk0_refclk Input from left top GPLL. 

pclk1_refclk Input from right top GPLL. 

refclkdiff0_ext Input to quad 0 differential external clock with DIFFCLKIO_CORE. 

refclkdiff1_ext Input to quad 1 differential external clock with DIFFCLKIO_CORE. 

sd_pll_refclk Reference clock from the FPGA PCLK for test purposes only. 

 

To use the manual_select feature from the table above, you must set the reference clock source control signals 
according to the table below. For more information on the manual_select option for CertusPro‑NX devices, refer to the 
Reference Clock Source Selection section in the MPCS Module User Guide (FPGA‑IPUG‑02118). 

Table 2.4. Reference Clock MUX Tree Control Signals 

Reference Clock Selection Input Setting : use_refmux_i Input Setting : diffioclksel_i Input Setting : clksel_i 

pll_0_refclk 1’b1 1’b0 2'b00 

pll_1_refclk 1’b1 1’b0 2'b01 

refclkp/n0_ext 1’b1 1’b0 2'b10 

refclkp/n1_ext 1’b1 1’b1 2'b10 

pad_refclkp/n 1’b0 1’b0 2'b00 

sd_pll_refclk 1’b1 1’b0 2'b11 
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2.5.5. PCS Loopback 
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Figure 2.28. 64b66b PCS Loopback Diagram 

The following lists the various types of PCS Loopback: 

• Loopback A  

This loopback can be enabled when Loopback = Near End Parallel Loopback or by using bit 0 of the Loopback Mode 
Control (MPCS register).  

In this mode, the 16-bit input data of the RX path comes from the TX path. The TX path clock will drive both the TX 
and RX path. The asynchronous FIFO in between the TX path and RX path is for clock phase compensation. 

• Loopback B  

This loopback can be enabled using bit 2 of the Loopback Mode Control (MPCS register). 

In this mode, the PCS accepts data on the transmit path from the XGMII and returns it on the receive path to the 
XGMII through the RX FIFO.  

• Loopback C  

This loopback can be enabled when Loopback = Far End Parallel Loopback or by using bit 1 of the Loopback Mode 
Control (MPCS register). 

In this mode, the received data by the RX PCS is returned to the TX PCS.   

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

2.6.1. Design Architecture 

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

• TSU 

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

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

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

2.6.1.1. PTP Synchronization 

The following diagram shows the 1588 PTP procedure to synchronize the clock.  
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Figure 2.29. PTP Time Synchronization Flow 

 

The following describes the procedure to synchronize the clock: 

1. When the main clock sends a Sync message, the following steps are carried out: 

a. In 1-step synchronization, t1 is sent in the Sync message. 

b. In 2-step synchronization, t1 is sent in the Follow-Up and Sync messages. 

2. The secondary clock receives a Sync message at timestamp t2. 

3. The secondary clock sends a Delay-Req message at t3. 

4. The main clock receives a Delay-Req message at t4. 

5. The main clock responds with a Delay-Resp message at t4. 

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

 

 

 

2.6.2. Block Diagram 

The following blocks are present in this design: 

• 10G Ethernet PCS/PMA IP cores 

• TSU 

• 10G Ethernet MAC IP cores 

Mean Path Delay = ((t2-t1) + (t4-t3))/2 

Offset = t2-t1-Mean Path Delay 
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Figure 2.30. 10GbE MAC + PHY + 1588 IP Core Block Diagram 

2.6.3. Timestamp Unit 

The key features of this block are as follows: 

• Detection of PTP and non-PTP packets 

• PTP packet parsing 

• Timestamping for all PTP packets in the TX path. 

• Timestamping for all PTP packets in the RX path. 

• Correction field calculation for end-to-end transparent clock (E2E TC) (TC2)  

• Timestamp insertion for PTP Event Messages in 1-step2 mode 

• UDP Checksum and CRC32 recalculation for 1 step2 PTP messages 

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

Notes: 

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

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

2.6.4. 10G Ethernet PHY  

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

2.6.5. 10G Ethernet MAC  

For more information on 10G Ethernet MAC, refer to the MAC section. 

2.6.6. PTP Packet Format  

This section describes the following PTP packet formats:  

• PTP over Ethernet 

• PTP over UDP/IPv4 

• PTP over UDP/IPv6 
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2.6.6.1. PTP Over Ethernet 

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

Ethernet Header Client Data Field Ethernet FCS

PTP Message

Ethernet Frame

 

Figure 2.31. PTP Over Ethernet 
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Figure 2.32. PTP Over Ethernet Frame Format 

2.6.6.2. PTP over UDP/IPv4 

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

Ethernet Header Client Data Field Ethernet FCS

IP Header

Ethernet Frame

IP Data
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IPv4 Datagram

UDP Datagram

 

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

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

Ethernet Header Client Data Field Ethernet FCS

IP Header

Ethernet Frame

IP Data

UDP Header UDP Data

PTP Message

IPv6 Datagram

UDP Datagram

 

Figure 2.34. PTP Over UDP/IPv6 

2.6.7. PTP Message Format 

This section describes the PTP message formats. A PTP message consists of the following: 

• 34-byte header  

• Body 

• Suffix  (Optional) 

 

Header

34 Bytes Variable length

Body Suffix

Optional

PTP Message

 

Figure 2.35. PTP Message Format 

2.6.7.1. PTP Header 

The following table lists the PTP Header message format. 

Table 2.5. PTP Header 

Bits Octets Offset 

7 6 5 4 3 2 1 0 

majorSdoId messageType 1 0 

minorVersionPTP versionPTP 1 1 

messageLength 2 2 

domainNumber 1 4 
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Bits Octets Offset 

7 6 5 4 3 2 1 0 

minorSdoId 1 5 

flagField 2 6 

correctionField 8 8 

messageTypeSpecific 4 16 

sourcePortIdentity 10 20 

sequenceId 2 30 

controlField 1 32 

logMessageInterval 1 33 

 

2.6.7.2. PTP Body 

The PTP Body message format varies for the following PTP message types:  

• PTP Sync Message 

• PTP Follow-Up Message 

• PTP Delay Request Message 

• PTP Delay Response Message 

PTP Body Format for Sync Message 

The following table lists the PTP Body format for the Sync message type. 

Table 2.6. PTP Body Format for Sync Message Type 

Sync Message Format 

Bits Octets Offset 

7 6 5 4 3 2 1 0 

header (Refer to Table 2.5. PTP Header) 34 0 

originTimestamp 10 34 

 

PTP Body Format for Follow-Up Message 

The following table lists the PTP Body format for the Follow-Up message type. 

Table 2.7. PTP Body Follow-Up Message Type 

Follow_Up Message Format 

Bits Octets Offset 

7 6 5 4 3 2 1 0 

header (Refer to Table 2.5. PTP Header) 34 0 

preciseOriginTimestamp 10 34 

 

PTP Body Format for Delay Request Message 

The following table lists the PTP Body format for the Delay Request message type. 

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

Delay_Req Message Format 

Bits Octets Offset 

7 6 5 4 3 2 1 0 

header (Refer to Table 2.5. PTP Header) 34 0 

originTimestamp 10 34 
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PTP Body Format for Delay Response Message 

The following table lists the PTP Body format for the Delay Response message type. 

Table 2.9. PTP Body Format for the Delay Response Message Type 

Delay_Resp Message Format 

Bits Octets Offset 

7 6 5 4 3 2 1 0 

header (Refer to Table 2.5. PTP Header) 34 0 

receiveTimestamp 10 34 

requestingPortIdentity 10 44 

 

2.6.8. PHY Delay Value 

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

Table 2.10. PHY Delay Values 

Value or Path RX TX 

Delay 140 ns + (64B/66B PCS Block Align Shift1 
x 0.097) +/- 4 ns 

94 ns +/- 4 ns2 

Notes:  

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

2. Preliminary rounded value. 

2.7. MAC + PHY (CertusPro-NX Devices) 

2.7.1. Design Architecture 

The following blocks are present: 

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

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

2.7.2. Block Diagram 

The following blocks are present in this design: 

• 10G Ethernet PCS/PMA IP cores 

• 10G Ethernet MAC IP cores 

10G Ethernet MAC

APB

10G Ethernet PHY

APB

XGMII Interface

Address Decoder

Serial Interface

AXI4-Stream Interface
Higher Application 

or 
User Logic

APB Interface

 

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

2.8.1. Clocking Overview 

The following figure shows the clock network of the 10G Ethernet IP core for Avant and Certus-N2 devices. The clock 
frequency requirements are described in the Signal Description section according to the configuration selected—MAC 
only, PHY only, or MAC+PHY. All clock sources connected to data path must be within +/- 100 PPM (IEEE 802.3 
standard). In the MAC + PHY configuration, connect the txmac_clk_i and rxmac_clk_i output clock from the PHY block.  

10G Ethernet PHYXGMII

sysbus_clk_i
pad_refclk[p/n]_i

156.25 MHz

10G Ethernet IP Core

PAD*

10G Ethernet MAC 

xg_tx_gclk_o
156.25 MHz

AXI4S

 

Figure 2.37. 10G Clock Network Diagram for Avant and Certus-N2 Devices 

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

Note: Make sure that the Generic Phase-Locked Loop (GPLL) being used does not have Fractional-N Divider mode 
enabled. 
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10G ten_gbe_subsys (./eval)

10G Ethernet MAC 10G Ethernet PHYXGMII

epcs_tx_out_clk_w
322.266 MHz

sysbus_clk_i
pad_refclk[p/n]_i
161.132812 MHz

GPLL 64/66 
clock ratio

pll_xgmii_clk_w
156.25 MHz

 

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

10G ./testbench/tb_top.sv

10G MAC + PHY + 1588

10G Ethernet 
MAC 

10G Ethernet PHYXGMII

epcs_tx_out_clk
322.266 MHz

sysbus_clk_i
pad_refclk[p/n]_i
161.132812 MHz

AXI4S
PAD*

TS
U

GPLL 64/66 
clock ratio

xgmii_clk
156.25 MHz

 

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

2.9.1. MAC Reset Sequence 

2.9.1.1. Reset 

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

2.9.1.2.  Reset Sequence 

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

1. Assert reset pin for five clock cycles of the slowest clock* of the system. 

2. Wait for the 10G PHY to be in a ready state.  
For more information on the sequence, see the PHY (Avant and Certus-N2 Devices) section and the PHY (CertusPro-
NX Devices) section. Send settings through the AXI4-Lite interface to configure the system. For a list of MAC 
registers, refer to the Configuration Registers for MAC section. 

• Avant and Certus-N2 device: Assertion of phy_init_done_o and xg_pcsrdy_o. 

• CertusPro-NX device: Assertion of xg_rxval_o and xg_txrdy_o and xg_rx_blk_lock_o. Refer to the PHY Reset 
Sequence (CertusPro-NX Devices) section for pll_lock_w signal requirement. 

3. The MAC is ready to receive transfers. 
 

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

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

(4) MAC is ready to receive transfers

(1) Assert reset pin

(3) Set rx_en bit of MODE to 1

(2) Set rx_pass_fcs bit of RX_CTL to 1

MACCLIENT

 

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

2.9.2. PHY Reset Sequence (Avant and Certus-N2 Devices) 

2.9.2.1. Reset 

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

https://www.latticesemi.com/legal


10G Ethernet IP  
User Guide 
 
 

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-IPUG-02245-2.0  46 

2.9.2.2.  Sequence 

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

1. Assert reset pin, reset_n_i, for five clock cycles of the slowest clock* of the system. 

2. Wait for phy_init_done_o to assert. It is expected during this time (before T0), xg_tx_clk_o and xg_tx_gclk_o are 
not toggling yet. Do not re-assert the reset pin before phy_init_done_o goes high while the PHY is initializing. 

3. After T0, drive continuous IDLE patterns until xg_pcsrdy_o asserts. 

4. After T1, the PHY is ready to transmit data packets. 

 

Notes: 

1. The slowest clock refers to the sysbus_clk_i with frequency that can be as low as 100 MHz. 

2. For PHY and MAC related configuration registers, after xg_pcsrdy_o is asserted, wait for at least five clock cycles of 
sysbus_clk_i before initiating any register read/write operations through the management bus interface.  

For ANLT related configuration registers, after PHY is out of reset, wait for at least five clock cycles of sysbus_clk_i 
before initiating any register read/write operations through the management bus interface.  

This delay is required to allow the internal reset synchronizer to complete its synchronization process. Failure to 
observe this timing requirement may result in management bus interface handshake issues. 

 

 

The following figure shows the PHY initialization sequence. 

xg_pcsrdy_o

phy_init_done_o

xg_tx/rx_out_clk_o
T0 T1

 

Figure 2.41. PHY Initialization Sequence 

2.9.3. PHY Reset Sequence (CertusPro-NX Devices) 

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

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

2.9.3.2. Sequence 

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

1. Assert reset_n_i pin for five clock cycles of the slowest clock* of the system.  

2. Wait for xg_rxval_o and xg_txrdy_o to assert, indicating 10G PHY to be in the ready state.  

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

4. Send settings through the APB interface to configure the system.  

5. The IP is ready to transmit and receive packets. 
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Notes:  

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

2. After sys_ready_o is asserted, wait for at least five clock cycles of sysbus_clk_i before initiating any register 
read/write operations through the management bus interface. This delay is required to allow the internal reset 
synchronizer to complete its synchronization process. Failure to observe this timing requirement may result in 
management bus interface handshake issues. 

 

Figure 2.42. Example Testbench Reset Waveform 

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

Table 2.11. MAC + PHY Attributes (Avant Devices) 

Core Core Configuration Latency (ns) User Bus Width (bits) Core Clock Frequency (MHz) 

MAC + PHY 10GBASE-R TX 252 64 156.25 

MAC + PHY 10GBASE-R RX 350 64 156.25 

 

Table 2.12. MAC + PHY Attributes (CertusPro-NX Devices) 

Core Core Configuration Latency (ns) User Bus Width (bits) Core Clock Frequency (MHz) 

MAC + PHY 10GBASE-R TX 190* 64 156.25 

MAC + PHY 10GBASE-R RX 287* 64 156.25 

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

2.11. User Interface 

Table 2.13. User Interfaces and Supported Protocols 

User Interface Supported Protocols Description 

 

Management bus interface 

• APB 

• AXI4-Lite 

The management bus interface is used to configure the 10G 
Ethernet IP and to read its status and statistics counters. 

Refer to the AMBA 3 APB/AMBA 4 AXI4-Lite Protocol version 1.0 
Specification. 

User data interface AXI4-Stream The transmit datapath receives Ethernet packets from the user logic 
and transmits them to the PHY. 

The receive datapath receives Ethernet packets from the PHY and 
forwards them to the user logic. 

Refer to AMBA 4 AXI4-Stream Protocol version 1.0 Specification. 

MAC to PHY interface • XGMII 

• 8-bit GMII 

• 16-bit GMII 

• MII 

MAC transmit interface to PHY and receive interface from PHY. For 
more information, refer to the IP Parameter Description section. 
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2.11.1. Management Bus Interface State Machine  

The state changes according to the AXI4-Lite Manager—axi_arvalid, axi_wvalid, and axi_awvalid. Assertion of arvalid, 

axi_wvalid, or awvalid must be held until the completion of the respective request.    

  

IDLE

READ WRITE

awvalid = 1
awready = 1
wvalid = 1
wready = 1

bvalid = 1
bready = 1

rvalid = 1
rready = 1

arvalid = 1
arready = 1

awready = 1
arready = 1
wready = 1
bvalid = 0
rvalid = 0

awvalid = 0 (drive high to start WRITE)
wvalid = 0 (drive high to start WRITE)
arvalid = 0 (drive high to start READ)

rvalid = 1
rready = 0

bvalid = 1
bready = 0

 

Figure 2.43. State Machine 

 

The following lists the status of the state machine: 

• IDLE: Stay idle when both axi_arvalid, axi_wvalid, and axi_awvalid are deasserted.    

• READ: A read request is issued when axi_arvalid is asserted. If both axi_arvalid and axi_awvalid are asserted 
simultaneously, the read request is given priority. 

• WRITE: A write request is issued when axi_wvalid and axi_awvalid are asserted.    

In the READ state, axi_arready is pulse-asserted to complete the read address channel handshake. In the WRITE state, 

axi_awready and axi_wready are pulse-asserted to complete the write address and write data channel handshake, 

followed by the assertion of axi_bvalid to initiate the write response handshake. axi_rvalid is asserted during the read 

data phase, and the assertion is held high until axi_rready is high completing the read data channel handshake. The 

AXI4-Lite Manager must halt the reading request if axi_rready is low.  
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2.11.2. Media Independent Interface Management 

The Media Independent Interface Management Module (MIIM) accesses management information from the PHY 

device and writes to or reads from the PHY registers. The MIIM is compliant to the MDIO defined in the IEEE 802.3 

Clause 22. A single MIIM can address up to 32 PHY devices. This module runs off its own clock called mdc_i. The 

standard specifies this clock to be at maximum 2.5 MHz.   

The MIIM read or write operations are specified in the GMII Management Register Access Control register. This register 

also specifies the addressed PHY and the register within the PHY that must be accessed. The cmd_fin bit in the GMII 

Management Register Access Control register is reset as soon as a command to read or write is given. It is set only 

when the MIIM module completes the operation. While the interface is busy, the GMII Management Register Access 

Control register cannot be overwritten, and all write operations to the register are ignored.   

For a write operation, the data to be written is stored in the GMII Management Access Data register. For a read 

operation, the data read from the addressed PHY is stored in this register. The ready bit in the GMII Management 

Access Control is set at the end of the read/write operation. 

2.12. Hash Setting for Multicast Address Filtering 
Ethernet IPs use a hash‑based filtering mechanism to determine whether incoming multicast frames are accepted or 
discarded. The hash index is derived from the CRC‑32 calculation of the multicast MAC address. 

To correctly configure multicast filtering, use the CRC‑32 calculator utility provided with the generated IP at 
<tse_project_name>/eval/multicast_hash/multicast_addr_to_hash.c. 

The utility processes the 6‑byte multicast MAC address and outputs the final CRC along with the hash index. Always use 
the provided CRC‑32 calculator utility to compute the multicast address hash bit settings in Table 5.13 and Table 5.14. 

2.12.1. Steps to Use CRC-32 Calculator Utility 

To use the CRC-32 calculator utility, follow these steps: 

1. Compile the program with any C compiler. 

2. Execute the compiled binary. 

3. Enter the MAC address. 

When prompted, input the 6-byte multicast MAC address in hexadecimal format (for example, 01 00 5E 00 00 01). 

4. After all bytes are processed, the program outputs hash index (Hash[63:0]) from the CRC result. This 64-bit index 
corresponds to the MC_TABLE_0 and MC_TABLE_1 registers. (Hash[31:0] is written to MC_TABLE_0 and 
Hash[63:32] to MC_TABLE_1). 
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3. IP Parameter Description 
The configurable attributes of the 10G Ethernet IP core are shown in the following tables. You can configure the IP core 
by setting the attributes accordingly in the IP Catalog’s Module/IP wizard of the Lattice Radiant software. 

3.1. MAC + PHY (Avant and Certus-N2 Devices) 
The following table lists the 10G Ethernet IP core configurable attributes for the MAC + PHY option. The values set for 
attributes with corresponding registers serve as the maximum values and cannot be set higher during dynamic 
reconfiguration. Select IP Option—MAC + PHY option. 

Table 3.1. MAC + PHY Attributes  

Attribute Selectable Values Default Description 
Dependency on 
Other Attributes 

General Configuration 

Select IP Option • MAC + PHY 

• PHY Only 

• MAC Only 

MAC + PHY IP option. — 

Host Interface • AXI4-Lite 

• APB 

AXI4-Lite Set the register 
interface. 

— 

10GBASE-KR Configuration 

10GBASE-KR Auto 
Negotiation 

• Enabled  

• Disabled 

Disabled To enable 10GBASE-KR 
Auto Negotiation. 

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

10GBASE-KR Link Training • Enabled  

• Disabled 

Disabled To enable 10GBASE-KR 
Link Training. 

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

Auto Negotiation Next Page • Enabled  

• Disabled 

Disabled To enable Auto 
Negotiation's Next Page 
exchange. 

Refer to the Auto-
Negotiation (AN)—IEEE 
802.3 Clause 73 section 
for a guide on Next Page 
feature. 

When using the provided 
simulation testbench, 
disable this 
configuration. 

Enabled when Select 
IP Option == PHY 
Only or MAC + PHY 
Selectable only when 
10GBASE-KR Auto 
Negotiation == 
Enabled 

Bypass Nonce Check • Enabled  

• Disabled 

Disabled To enable the Auto-
Negotiation Nonce check 
bypass for TX to RX 
loopback testing. 

When using the provided 
simulation testbench, 
enable this 
configuration. 

Enabled when Select 
IP Option == PHY 
Only or MAC + PHY 
Selectable only when 
10GBASE-KR Auto 
Negotiation == 
Enabled 

Pause Ability • No Pause 

• Asymmetric Pause 

• Symmetric Pause 

• Both Symmetric and 
Asymmetric 
 
 

No Pause To advertise local device 
pause ability. 

Enabled when Select 
IP Option == PHY 
Only or MAC + PHY 
Selectable only when 
10GBASE-KR Auto 
Negotiation == 
Enabled 

MAC Configuration 
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Attribute Selectable Values Default Description 
Dependency on 
Other Attributes 

Multicast Address Filtering • Enabled 

• Disabled 

Disabled Enables or disables 
address filtering for 
multicast frames. 

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

TX Pause Frame Generation 
via Ports 

• Enabled  

• Disabled 

Disabled Enables or disables TX 
pause frame generation 
via ports. 

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

Statistics Counter Configuration 

Statistic Counter Registers • Enabled 

• Disabled 

Disabled Enables or disables 
statistics counter 
registers to track 
detailed TX/RX frame 
activity. 

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

Counter Width • 32 

• 64 

32 Statistics counters 
register size. 

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

TX Statistics • Enabled  

• Disabled 

Disabled TX statistics. Enabled when Select 
IP Option == MAC 
Only or MAC + PHY 

RX Statistics • Enabled 

• Disabled 

Disabled RX statistics. Enabled when Select 
IP Option == MAC 
Only or MAC + PHY 

PMA Setup-Transmitter Subgroup (Default Values are Recommended) 

TX Amplitude Control [0-63] 0-63 24 
Transmitter amplitude 
adjustment control. 

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

TX Pre Cursor [0-31] 0-31 0 
Transmitter pre-
emphasis level 
adjustment control. 

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

TX Post Cursor [0-31] 0-31 0 
Transmitter post-
emphasis level 
adjustment control. 

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

PMA Setup-Receiver Subgroup (Default Values are Recommended) 

RX Coupling Mode • AC Coupling 

• DC Coupling 

AC Coupling PMA Coupling mode Enabled when Select 
IP Option == PHY 
Only or MAC + PHY 

RX Loss of Sig port Enable • Enabled 

• Disabled 

Enabled RX Loss of Sig capability. Enabled when Select 
IP Option == PHY 
Only or MAC + PHY 

DFE Enable • Enabled 

• Disabled 

Enabled DFE capability. 

Receiver side signal-
conditioning feature to 
improve signal integrity. 

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

RX Adaptive Equalization 
Enable 

• Enabled 

• Disabled 

Enabled RX adaptive EQ 
capability. 

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

Selectable only when 
DFE Enable == 
Disabled 

RX Attenuation Block • -13 dB 

• -2 dB 

-13 dB RX Attenuation setting. 
Higher dB loss reflects 
higher capability of the 
RX to handle a lossy 
signal. 

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

Selectable only when 
RX Adaptive 
Equalization Enable 
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Attribute Selectable Values Default Description 
Dependency on 
Other Attributes 

== Disabled 

PHY Configuration 

FEC Mode • FCFEC 

• Disabled 

Disabled Enables the FCFEC or 

disables the FEC mode. 

Enabled when Select 
IP Option == PHY only 
or MAC + PHY 

Fast Simulation Mode • Enabled 

• Disabled  

Disabled Enables or disables fast 
simulation mode. This 
mode is intended for 
simulation acceleration 
only and simplifies the 
internal PHY logic. 

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

PCS Lane ID • AUTO 

• 0-27 

AUTO Specifies the Lane ID. Enabled when Select 
IP Option == PHY 
Only or MAC + PHY  

Loopback Mode • Far End Parallel 
Loopback 

• Near End Parallel 
Loopback  

• No Loopback 

No Loopback Enables the Far End 
Parallel Loopback or 
Near End Parallel 
Loopback or 

No Loopback.  

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

Table 3.2. MAC Only Attributes  

Attribute Selectable Values Default Description 
Dependency on 
Other Attributes 

General Configuration 

Select IP Option For Avant-AT-G/X and 
Certus-N2 devices: 

• MAC + PHY 

• PHY Only 

• MAC Only 

 
For CertusPro-NX 
devices: 

• MAC + PHY + 1588 

• MAC + PHY 

• PHY Only 

• MAC Only 

For Avant-AT-G/X 
and Certus-N2 
devices: 

• MAC + PHY 

 

For CertusPro-NX 
devices: 

• MAC Only 

IP option. — 

PHY Interface • XGMII 

• 8-bit GMII 

• 16-bit GMII 

• MII 

XGMII Set the default PHY 
interface. 

Enabled when Select 
IP Option == MAC 
Only 

Host Interface For Avant-AT-G/X and 
Certus-N2 devices: 

• APB 

• AXI4-Lite 

For CertusPro-NX 
devices: 

• APB 

For Avant-AT-G/X 
Certus-N2 devices: 

• AXI4-Lite 

For CertusPro-NX 
devices: 

• APB 

Set the register 
interface. 

— 

MAC Configuration 

Dynamic Speed Selection • Enabled 

• Disabled 

Disabled Enables or disables 
dynamic speed 
selection. 

Enabled when Select 
IP Option == MAC 
Only. 

Multicast Address Filtering • Enabled 

• Disabled 

Disabled Enables or disables 
address filtering for 
Multicast frames. 

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

TX Pause Frame Generation 
via Ports 

• Enabled  

• Disabled 

Disabled Enables or disables TX 
pause frame 
generation via ports. 

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

Statistics Counter Configuration 

Statistics Counter Registers • Enabled 

• Disabled 

Disabled Enables or disables 
statistics counter 
registers. 

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

Counter Width • 32 

• 64 

32 Statistics counters 
register size. 

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

TX Statistics • Enabled  

• Disabled 

Disabled TX statistics. Enabled when Select 
IP Option == MAC 
Only or MAC + PHY 

RX Statistics • Enabled 

• Disabled 

Disabled RX statistics. Enabled when Select 
IP Option == MAC 

https://www.latticesemi.com/legal


10G Ethernet IP  
User Guide 
 
 

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-IPUG-02245-2.0  54 

Attribute Selectable Values Default Description 
Dependency on 
Other Attributes 

Only or MAC + PHY 

Non-XGMII Configuration 

Frame Type • Standard 

• Jumbo 

• Super Jumbo 

Super Jumbo Set Ethernet frame 
type to determine 
FIFO depth for 8-
bit/16-bit GMII or MII 
configurations or 
when Dynamic Speed 
Selection is enabled. 

Enabled when 
Dynamic Speed 
Selection == Enabled, 
or PHY Interface == 
XGMII 

 

3.3. PHY Only (Avant and Certus-N2 Devices) 
The following table lists the 10G Ethernet IP core configurable attributes for the PHY Only option in Avant and Certus-
N2 devices. Select IP Option—PHY Only option. 

Table 3.3. PHY Only Attributes 

Attribute Selectable Values Default Description 
Dependency on Other 
Attributes 

General Configuration 

Select IP Option • MAC + PHY 

• PHY Only 

• MAC Only 

MAC + PHY 

 

 

IP option. — 

Host Interface • AXI4-Lite 

• APB 

AXI4-Lite Set the register 
interface. 

— 

10GBASE-KR Configuration 

10GBASE-KR Auto 
Negotiation 

• Enabled  

• Disabled 

Disabled To enable 10GBASE-KR 
Auto Negotiation. 

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

10GBASE-KR Link Training • Enabled  

• Disabled 

Disabled To enable 10GBASE-KR 
Link Training. 

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

Auto-Negotiation Next 
Page 

• Enabled  

• Disabled 

Disabled To enable Auto-
Negotiation Next Page 
exchange. 

Refer to the Auto-
Negotiation (AN)—IEEE 
802.3 Clause 73 section 
for a guide on Next 
Page feature. 

When using the 
provided simulation 
testbench, disable this 
configuration. 

Enabled when Select IP 
Option == PHY Only or 
MAC + PHY 
Selectable only when 
10GBASE-KR Auto 
Negotiation == 
Enabled 

Bypass Nonce Check • Enabled  

• Disabled 

Disabled To enable Auto-
Negotiation Nonce 
check bypass for TX to 
RX loopback testing. 

When using the 
provided simulation 
testbench, enable this 
configuration. 

Enabled when Select IP 
Option == PHY Only or 
MAC + PHY 
Selectable only when 
10GBASE-KR Auto 
Negotiation == 
Enabled 

Pause Ability • No Pause 

• Asymmetric Pause 

No Pause To advertise local 
device pause ability. 

Enabled when Select IP 
Option == PHY Only or 
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Attribute Selectable Values Default Description 
Dependency on Other 
Attributes 

• Symmetric Pause 

• Both Symmetric and 
Asymmetric 
 
 

MAC + PHY 
Selectable only when 
10GBASE-KR Auto 
Negotiation == 
Enabled 

PMA Setup-Transmitter Subgroup (default values are recommended) 

TX Amplitude Control [0-
63] 

0-63 24 
Transmitter amplitude 
adjustment control. 

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

TX Pre Cursor [0-31] 0-31 0 
Transmitter pre-
emphasis level 
adjustment control. 

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

TX Post Cursor [0-31] 0-31 0 
Transmitter post-
emphasis level 
adjustment control. 

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

PMA Setup-Receiver Subgroup (default values are recommended) 

RX Coupling Mode • AC Coupling 

• DC Coupling 

AC Coupling PMA Coupling mode. Enabled when Select IP 
Option == PHY Only or 
MAC + PHY 

RX Loss of Sig port Enable • Enabled 

• Disabled 

Enabled RX Loss of Sig 
capability. 

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

DFE Enable • Enabled 

• Disabled 

Enabled DFE capability. Receiver 
side signal-conditioning 
feature to improve 
signal integrity. 

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

RX Adaptive Equalization 
Enable 

• Enabled 

• Disabled 

Enabled RX adaptive EQ 
capability. 

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

Selectable only when 
DFE Enable == 
Disabled 

RX Attenuation Block • -13 dB 

• -2 dB 

-13dB RX Attenuation setting. 
Higher dB loss reflects 
higher capability of the 
RX to handle a lossy 
signal. 

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

Selectable only when 
RX Adaptive 
Equalization Enable == 
Disabled 

PHY Configuration 

FEC Mode • FCFEC 

• Disabled 

Disabled Enables the FCFEC or 

disables the FEC mode. 

Enabled when Select IP 
Option == PHY only or 
MAC + PHY 

Fast Simulation Mode • Enabled 

• Disabled  

Disabled Enables or disables fast 
simulation mode. This 
mode is intended for 
simulation acceleration 
only and simplifies the 
internal PHY logic. 

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

PCS Lane ID • AUTO 

• 0-27 

AUTO Specifies the Lane ID. Enabled when Select IP 
Option == PHY Only or 
MAC + PHY  

Loopback Mode • Far End Parallel 
Loopback  

No Loopback Enables the Far End 
Parallel Loopback or 

Enabled when Select IP 
Option == PHY Only or 
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Attribute Selectable Values Default Description 
Dependency on Other 
Attributes 

• Near End Parallel 
Loopback 

• No Loopback  

Near End Parallel 
Loopback or 

No Loopback. 

MAC + PHY 

 

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

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

Attribute Selectable Values Default Description Dependency on 
Other Attributes 

General 

Select IP Option • MAC Only 

• PHY Only 

• MAC + PHY + 1588 

• MAC + PHY 

MAC Only 

 

 

IP option. — 

Host Interface APB APB 
Specifies the preferred 
interface for register access. 

— 

PHY Configuration 

PCS Lane ID 

For CertusPro-NX 
devices1: 

• 2 

• 3 

• 6 

• 7 

2 

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

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

Loopback Mode 

• No Loopback 

• Near End Parallel 
Loopback 

• Far End Parallel 
Loopback 

No Loopback 

PCS loopback. For more 
information, refer to the 

PCS Loopback section. 

 

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

PMA Reference Clock 

• manual_select 

• sd_ext_0_refclk 

• sd_ext_1_refclk 

• sdq0_refclk 

• pclk0 

• pclk1 

• refclkdiff0_ext 

• refclkdiff1_ext 

• sd_pll_refclk 

manual_select 

For the default manual_select 
option, all PMA reference clock 
inputs are exposed, and you 
are required to select the 
desired source through the 
clock MUXs by configuring the 
use_refmux_i and clksel_i[1:0] 
inputs. 

 

For the other options, the 
corresponding reference clock 
input is exposed; the 
use_refmux_i and clksel_i[1:0] 
input settings are fixed 
according to the selected 
option. 

 

For more information, refer to 
the Reference Clocks section.  

— 

Note: 

1. CertusPro-NX devices supported lanes: 

https://www.latticesemi.com/legal


10G Ethernet IP  
User Guide 
 
 

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-IPUG-02245-2.0  57 

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

• LFCPNX-50: Lane 2 and Lane 3 only. 

3.5. MAC + PHY + 1588 (CertusPro-NX Devices) 
The following table lists the 10G Ethernet IP core configurable attributes for the MAC + PHY + 1588 option. The values 
set for attributes with corresponding registers serve as the maximum values and cannot be set higher than these values 
during dynamic reconfiguration. Select IP Option— MAC + PHY + 1588 option. 

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

Attribute Selectable Values Default Description 
Dependency on Other 
Attributes 

General Configuration 

Select IP Option • MAC Only 

• PHY Only 

• MAC + PHY + 1588 

• MAC + PHY 

MAC Only IP option. — 

Host Interface APB APB Set the register 
interface. 

— 

MAC Configuration 

Multicast Address Filtering • Enabled 

• Disabled 

Disabled Enables or disables 
address filtering for 
multicast frames. 

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

TX Pause Frame Generation 
via Ports 

• Enabled  

• Disabled 

Disabled Enables or disables TX 
pause frame 
generation via ports. 

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

Statistics Counter Configuration 

Statistics Counter Registers • Enabled 

• Disabled 

Disabled Enables or disables 
statistics counter 
registers. 

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

Counter Width • 32 

• 64 

32 Statistics counters 
register size. 

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

TX Statistics • Enabled  

• Disabled 

Disabled TX statistics. Enabled when Select IP 
Option == MAC Only or 
MAC + PHY 

RX Statistics • Enabled 

• Disabled 

Disabled RX statistics. Enabled when Select IP 
Option == MAC Only or 
MAC + PHY 

PHY Configuration 

PCS Lane ID For CertusPro-NX 
devices1: 

• 2 

• 3 

• 6 

• 7 

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

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

Loopback Mode • No Loopback 

• Near End Parallel 
Loopback 

• Far End Parallel 
Loopback 

No Loopback PCS loopback. For 
more information,  
refer to the PCS 
Loopback section. 

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

PMA Reference Clock • manual_select 

• sd_ext_0_refclk 

• sd_ext_1_refclk 

manual_select For the default 
manual_select option, 
all PMA reference 
clock inputs are 

— 
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Attribute Selectable Values Default Description 
Dependency on Other 
Attributes 

• sdq0_refclk 

• pclk0 

• pclk1 

• refclkdiff0_ext 

• refclkdiff1_ext 

• sd_pll_refclk 

exposed, and you are 
required to select the 
desired source 
through the clock 
MUXs by configuring 
the use_refmux_i and 
clksel_i[1:0] inputs. 

 

For the other options, 
the corresponding 
reference clock input 
is exposed; the 
use_refmux_i and 
clksel_i[1:0] input 
settings are fixed 
according to the 
selected option. 

 

For more information, 
refer to the Reference 
Clocks section. 

Note: 

1. CertusPro-NX devices supported lanes: 

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

• LFCPNX-50: Lane 2 and Lane 3 only. 

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

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

Attribute Selectable Values Default Description 
Dependency on Other 
Attributes 

General Configuration 

Select IP Option • MAC Only 

• PHY Only 

• MAC + PHY + 1588 

• MAC + PHY 

MAC Only IP option. — 

Host Interface APB APB Set the register 
interface. 

— 

MAC Configuration 

Multicast Address Filtering • Enabled 

• Disabled 

Disabled Enables or disables 
address filtering for 
multicast frames. 

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

TX Pause Frame Generation 
via Ports 

• Enabled  

• Disabled 

Disabled Enables or disables TX 
pause frame 
generation via ports. 

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

Statistics Counter Configuration 

Statistics Counter Registers • Enabled 

• Disabled 

Disabled Enables or disables 
statistics counter 
registers. 

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

Counter Width • 32 32 Statistics counters Enabled when Select IP 
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Attribute Selectable Values Default Description 
Dependency on Other 
Attributes 

• 64 register size. Option == MAC Only or 
MAC + PHY 

TX Statistics • Enabled  

• Disabled 

Disabled TX statistics. Enabled when Select IP 
Option == MAC Only or 
MAC + PHY 

RX Statistics • Enabled 

• Disabled 

Disabled RX statistics. Enabled when Select IP 
Option == MAC Only or 
MAC + PHY 

PHY Configuration 

PCS Lane ID For CertusPro-NX 
devices1: 

• AUTO 

• 2 

• 3 

• 6 

• 7 

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

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

Loopback Mode • No Loopback 

• Near End Parallel 
Loopback 

• Far End Parallel 
Loopback 

No Loopback PCS loopback. For 
more information,  
refer to the PCS 
Loopback section. 

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

PMA Reference Clock • manual_select  

• sd_ext_0_refclk 

• sd_ext_1_refclk 

• sdq0_refclk 

• pclk0 

• pclk1 

• refclkdiff0_ext 

• refclkdiff1_ext 

• sd_pll_refclk 

manual_select For the default 
manual_select option, 
all PMA reference 
clock inputs are 
exposed, and you are 
required to select the 
desired source 
through the clock 
MUXs by configuring 
the use_refmux_i and 
clksel_i[1:0] inputs. 

 

For the other options, 
the corresponding 
reference clock input 
is exposed, the  
use_refmux_i and 
clksel_i[1:0] input 
settings are fixed 
according to the 
selected option. 

 

For more information, 
refer to the Reference 
Clocks section. 

— 

Note: 

1. CertusPro-NX devices supported lanes: 

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

• LFCPNX-50: Lane 2 and Lane 3 only. 
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4. Signal Description 
This section describes the 10G Ethernet IP core ports. 

4.1. MAC + PHY Signals (Avant and Certus-N2 Devices) 

Table 4.1. Signal Description—MAC + PHY 

Port Name Clock Domain I/O Width Description 

Clock and Reset 

reset_n_i Asynchronous In 1 Active-low asynchronous reset. 

xg_tx_clk_o — Out 1 TX clock output (156.25 MHz). 

xg_rx_clk_o — Out 1 RX clock output (156.25 MHz). 

xg_tx_gclk_o — Out 2 TX clock forwarded to global clock distribution (156.25 MHz).  

xg_rx_gclk_o — Out 1 RX clock forwarded to global clock distribution (156.25 MHz). 

txmac_clk_i — In 1 156.25 MHz clock for MAC interface. It is recommended to use 
xg_tx_gclk_o[0] as input. 

rxmac_clk_i — In 1 156.25 MHz clock for MAC interface. It is recommended to use 
xg_tx_gclk_o[0] as input. 

sysbus_clk_i 

— 

In 1 

Clock for the Management module (AXI4-Lite interface). 

You must use between 100 MHz to 150 MHz clock for XGMII interface and 
100 MHz for LMMI interface. 

Serial I/O 

pad_refclkn_i — In 1 156.25 MHz SERDES PLL reference clock signal (-). 

pad_refclkp_i — In 1 156.25 MHz SERDES PLL reference clock signal (+). 

pad_rxn_i pad_refclkn_i In 1 RX- differential signal. 

pad_rxp_i pad_refclkp_i In 1 RX+ differential signal. 

pad_txn_o pad_refclkn_i Out 1 TX- differential signal. 

pad_txp_o pad_refclkp_i Out 1 TX+ differential signal. 

Client-Side Interface 

AXI4-Stream Receive Interface 

axis_rx_tdata_o  rxmac_clk_i Out 64 AXI4-Stream data from PHY to the client. 

axis_rx_tkeep_o 

 rxmac_clk_i 

Out 8 

AXI4-Stream control that indicates which data is valid on axis_rx_tdata_o[ 
]. 

• axis_rx_tkeep_o[0]: axis_rx_tdata_o [7:0] 

• axis_rx_tkeep_o[1]: axis_rx_tdata_o [15:8] 

• axis_rx_tkeep_o[2]: axis_rx_tdata_o [23:16] 

• axis_rx_tkeep_o[3]: axis_rx_tdata_o [31:24] 

• axis_rx_tkeep_o[4]: axis_rx_tdata_o [39:32] 

• axis_rx_tkeep_o[5]: axis_rx_tdata_o [47:40] 

• axis_rx_tkeep_o[6]: axis_rx_tdata_o [55:48] 

• axis_rx_tkeep_o[7]: axis_rx_tdata_o [63:56] 

axis_rx_tvalid_o  rxmac_clk_i Out 1 AXI4-Stream data valid. 

axis_rx_tuser_o 
 rxmac_clk_i 

Out 1 
AXI4-Stream user signal used to indicate that the frame had a length error, 
termination error, or a cyclic redundancy check (CRC) error. This signal is 
qualified with the axis_rx_tlast_o signal. 

axis_rx_tlast_o  rxmac_clk_i Out 1 AXI4-Stream signal indicating the end of a packet. 

AXI4-Stream Transmit Interface 

axis_tx_tready_o  txmac_clk_i Out 1 AXI4-Stream signal indicating that the core can accept data transfer. 

axis_tx_tdata_i  txmac_clk_i In 64 AXI4-Stream data from the client. 

axis_tx_tkeep_i 
 txmac_clk_i In 

8 
AXI4-Stream control that indicates which data is valid on axis_tx_tdata_i [ 
]. 
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Port Name Clock Domain I/O Width Description 

• axis_tx_tkeep_i[0]: axis_tx_tdata_i[7:0] 

• axis_tx_tkeep_i[1]: axis_tx_tdata_i[15:8] 

• axis_tx_tkeep_i[2]: axis_tx_tdata_i[23:16] 

• axis_tx_tkeep_i[3]: axis_tx_tdata_i[31:24] 

• axis_tx_tkeep_i[4]: axis_tx_tdata_i[39:32] 

• axis_tx_tkeep_i[5]: axis_tx_tdata_i[47:40] 

• axis_tx_tkeep_i[6]: axis_tx_tdata_i[55:48] 

• axis_tx_tkeep_i[7]: axis_tx_tdata_i[63:56] 

axis_tx_tvalid_i  txmac_clk_i In 1 AXI4-Stream data valid. 

axis_tx_tuser_i 
 txmac_clk_i 

In 1 
AXI4-Stream user signal to indicate an error in the frame. This signal is 
qualified with the axis_tx_tlast_i signal. 

axis_tx_tlast_i  txmac_clk_i In 1 AXI4-Stream signal indicating the end of a packet. 

ANLT5 

an_page_rx_o 

 
xg_tx_gclk_o[

0]4 

 

Out 1 
Asserted whenever a new page is received. First assertion indicates 
lp_an_adv_ability is valid. Subsequent assertions indicate that the 
lp_an_next_page is valid.  

an_complete_o 

 
xg_tx_gclk_o[

0]4 

 

Out 1 

Asserted when Auto-Negotiation is completed. Link training is part of the 
Auto-Negotiation process. For this signal to assert, the link training 
completion signal must be asserted first, followed by auto-negotiation 
completion. 

anlt_seq_done_o 

 
xg_tx_gclk_o[

0]4 

 

Out 1 Asserted when Auto-Negotiation and Link Training are completed. 

lt_training_failur
e_o 

 
xg_tx_gclk_o[

0]4 

 

Out 1 Asserted when Link Training fails. 

lt_sigdet_o 

 
xg_tx_gclk_o[

0]4 

 

Out 1 
Asserted when link training is complete and the send data state is entered. 
This signal might toggle prior to ANLT completion. It is recommended to 
consume this signal together with anlt_seq_done_o for a stable signal. 

Non-Standard RX/TX Signals 

xg_rxval_o xg_tx_gclk_o[
0]4 

Out 1 RX valid signal. When high, indicates that the corresponding values on 
signals xg_rxc_o and xg_rxd_o are valid. 

When running 10GBASE-KR, this signal might toggle prior to ANLT 
completion. It is recommended to consume this signal together with 
anlt_seq_done_o for a stable signal. 

xg_pcsrdy_o xg_tx_gclk_o[
0]4 

Out 1 The high level of this signal indicates alignment is achieved and RX PCS is 
ready for transaction. 

phy_init_done_o  
pad_refclkp/n

_i 

Out 1 The high level of this signal indicates PHY initialization or reset is done. 

When running 10GBASE-KR, this signal might toggle prior to ANLT 
completion. It is recommended to consume this signal together with 
anlt_seq_done_o for a stable signal. 

pma_rx0_sigdet_
hf_o 

Asynchronous Out 1 Receive high-frequency signal detection output. When asserted, indicates 
that the receiver is receiving high-frequency signals. 

pma_rx0_sigdet_l
f_o 

Asynchronous Out 1 Receive low-frequency signal detection output. When asserted, indicates 
that the receiver is receiving low-frequency signals. 

APB Interface1 

apb_psel_i  
sysbus_clk_i 

In 1 
Select signal. Indicates that the completer device is selected, and a data 
transfer is required. 

apb_paddr_i sysbus_clk_i In 32 Address signal. 
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apb_pwdata_i  sysbus_clk_i In 32 Write data signal. 

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

apb_penable_i  
sysbus_clk_i 

In 1 
Enable signal. Indicates the second and subsequent cycles of an APB 
transfer. 

apb_pready_o 
sysbus_clk_i 

Out 1 
Ready signal. Indicates transfer completion. The completer uses this signal 
to extend an APB transfer. 

apb_prdata_o sysbus_clk_i Out 32 Read data signal.  

apb_pslverr_o sysbus_clk_i Out 1 Always driven low by IP. No transfer-error response is generated. 

AXI4-Lite Interface2 

axi4l_awaddr_i sysbus_clk_i In 32 Write address bus. 

axi4l_awvalid_i sysbus_clk_i In 1 Write address valid. 

axi4l_awready_o sysbus_clk_i Out 1 Write address acknowledge. 

axi4l_wdata_i sysbus_clk_i In 32 Write data bus. 

axi4l_wvalid_i sysbus_clk_i In 1 Write data valid. 

axi4l_wready_o sysbus_clk_i Out 1 Write data acknowledge. 

axi4l_wstrb_i sysbus_clk_i In 4 AXI4-Lite write strobe. This feature is not supported so tied to 0. 

axi4l_bresp_o sysbus_clk_i Out 2 Write transaction response. 

axi4l_bvalid_o sysbus_clk_i Out 1 Write response valid. 

axi4l_bready_i sysbus_clk_i In 1 Write response acknowledge. 

axi4l_araddr_i sysbus_clk_i In 32 Read address bus. 

axi4l_arvalid_i sysbus_clk_i In 1 Read address valid. 

axi4l_arready_o sysbus_clk_i Out 1 Read address acknowledge. 

axi4l_rdata_o sysbus_clk_i Out 32 Read data output. 

axi4l_rresp_o sysbus_clk_i Out 2 Read data response. 

axi4l_rvalid_o sysbus_clk_i Out 1 Read data/response valid. 

axi4l_rready_i sysbus_clk_i In 1 Read data acknowledge. 

Statistics Vector Interface 

tx_statvec_o 

xg_tx_gclk_o[
0]4 

Out 28 

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

• tx_statvec_o[13:0]: Frame byte count. 

• tx_statvec_o[14]: Transmit is OK. 

• tx_statvec_o[15]: MAC control inserted by MAC. 

• tx_statvec_o[16]: MAC control inserted by client. 

• tx_statvec_o[17]: Jumbo frame. 

• tx_statvec_o[18]: Tagged frame. 

• tx_statvec_o[19]: Broadcast address. 

• tx_statvec_o[20]: Multicast address. 

• tx_statvec_o[21]: Underrun error. 

• tx_statvec_o[22]: CRC error. 

• tx_statvec_o[23]: Length check error. 

• tx_statvec_o[24]: Terminate error. 

• tx_statvec_o[25]: Long frame error. 

• tx_statvec_o[26]: PTP1588 frame. 

• tx_statvec_o[27]: Reserved for future use. 

tx_staten_o 
xg_tx_gclk_o[

0]4 
Out 1 

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

rx_statvec_o 

xg_tx_gclk_o[
0]4 

Out 28 

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

• rx_statvec_o[13:0]: Frame byte count. 

• rx_statvec_o[14]: Frame dropped. 
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• rx_statvec_o[15]: Broadcast frame received. 

• rx_statvec_o[16]: Multicast frame received. 

• rx_statvec_o[17]: CRC error. 

• rx_statvec_o[18]: VLAN tag detected. 

• rx_statvec_o[19]: Pause frame. 

• rx_statvec_o[20]: Length check error. 

• rx_statvec_o[21]: Frame is too long. 

• rx_statvec_o[22]: MAC address mismatch. 

• rx_statvec_o[23]: Unsupported opcode. Only the opcode for pause 
frame is supported. 

• rx_statvec_o[24]: Minimum IPG violated. 

• rx_statvec_o[25]: Receive packet ignored. 

• rx_statvec_o[26]: PTP1588 frame received. 

• rx_statvec_o[27]: Reserved for future use. 

rx_staten_o 
xg_tx_gclk_o[

0]4 
Out 1 

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

LINTR 

int_o 
sysbus_clk_i 

Out 1 
Interrupt request. For more information on the assertion of this signal, 
refer to the Interrupt Registers section. 

TX Pause Frame3 

tx_pausreq_i xg_tx_gclk_o[
0]4 

In 1 Transmit pause frame.  

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

The tx_fc_en bit of TX_CTL register should be set to 1 to enable this 
feature.  

When this port is enabled, pause frame request through tx_pausreg bit of 
MAC_CTL register is disabled. 

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

Set this signal to 1 during the send request, maintaining it for at least the 
hold time specified below before resetting it to 0: 

• Standard maximum frame size of 1,518 bytes requires a hold time of 
1,214.4 ns (1,518 bytes divided by 8 bytes per clock cycle = 1,214.4 
ns). 

• Super jumbo frame size of 9,600 bytes requires a hold time of 7,680 
ns (9,600 bytes divided by 8 bytes per clock cycle = 7,680 ns). 

 

The clock cycle is 6.4 ns per 8 bytes. 

tx_paustm_i xg_tx_gclk_o[
0]4 

In 16 Pause Quanta time. 

This is equivalent to the tx_paustm bit of PAUSE_TM register. 

Notes: 

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

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

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

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

5. Available when Auto Negotiation or Link Training is selected. 
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4.2. MAC Only Signals 

Table 4.2. Signal Description—MAC Only 

Port Name Clock Domain I/O Width Description 

Clock and Reset 

reset_n_i 

Asynchronous 

In 1 

Active-low asynchronous reset. 

MAC reset signal must hold until PHY is ready. 

For Avant and Certus-N2 devices, refer to the xg_pcsrdy_o signal. 

For CertusPro-NX devices, refer to the xg_rx_blk_lock_o signal. 

rxmac_clk_i 

— 

In 1 

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

156.25 MHz clock for XGMII interface. 

125 MHz clock for 8-bit GMII interface. 

156.25 MHz clock for 16-bit interface.  

125 MHz clock for MII RX data. 

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

txmac_clk_i 

— 

In 1 

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

156.25 MHz clock for XGMII interface. 

125 MHz clock for 8-bit GMII interface. 

156.25 MHz clock for 16-bit interface.  

125 MHz clock for MII interface. 

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

sysbus_clk_i 

— 

In 1 

Clock for Management module (APB interface). 

It is recommended to use between 20 MHz to 156.25 MHz clock for XGMII 
interface and 20 to 125 MHz for MII/GMII interface. 

XGMII Interface1 

xgmii_rxd_i 

xg_tx_gclk_o[0
]7 

In 64 

8-lane Receive SDR XGMII data from PHY. 

• Lane 0: xgmii_rxd_i[7:0] 

• Lane 1: xgmii_rxd_i[15:8] 

• Lane 2: xgmii_rxd_i[23:16] 

• Lane 3: xgmii_rxd_i[31:24] 

• Lane 4: xgmii_rxd_i[39:32] 

• Lane 5: xgmii_rxd_i[47:40] 

• Lane 6: xgmii_rxd_i[55:48] 

• Lane 7: xgmii_rxd_i[63:56] 

xgmii_rxc_i 

xg_tx_gclk_o[0
]7 

In 8 

Control bits for each lane in xgmii_rxd_i[ ]. 

• Lane 0: xgmii_rxc_i[0] 

• Lane 1: xgmii_rxc_i[1] 

• Lane 2: xgmii_rxc_i[2] 

• Lane 3: xgmii_rxc_i[3] 

• Lane 4: xgmii_rxc_i[4] 

• Lane 5: xgmii_rxc_i[5] 

• Lane 6: xgmii_rxc_i[6] 

• Lane 7: xgmii_rxc_i[7] 

xgmii_txd_o 

xg_tx_gclk_o[0
]7 

Out 64 

8-lane Transmit SDR XGMII data to PHY. 

• Lane 0: xgmii_txd_o[7:0] 

• Lane 1: xgmii_txd_o[15:8] 

• Lane 2: xgmii_txd_o[23:16] 

• Lane 3: xgmii_txd_o[31:24] 

• Lane 4: xgmii_txd_o[39:32] 

• Lane 5: xgmii_txd_o[47:40] 
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• Lane 6: xgmii_txd_o[55:48] 

• Lane 7: xgmii_txd_o[63:56] 

xgmii_txc_o 

xg_tx_gclk_o[0
]7 

Out 8 

Control bits for each lane in xgmii_txd_o[ ]. 

• Lane 0: xgmii_txc_o[0] 

• Lane 1: xgmii_txc_o[1] 

• Lane 2: xgmii_txc_o[2] 

• Lane 3: xgmii_txc_o[3] 

• Lane 4: xgmii_txc_o[4] 

• Lane 5: xgmii_txc_o[5] 

• Lane 6: xgmii_txc_o[6] 

• Lane 7: xgmii_txc_o[7] 

GMII Interface2 

gmii_rx_d_i rxmac_clk_i In 8 8-bit GMII RX data. 

gmii_rx_dv_i rxmac_clk_i In 1 Indicates the GMII RX data is valid when asserted. 

gmii_rx_err_i rxmac_clk_i In 1 Indicates the GMII RX data contains error. 

gmii_tx_d_o txmac_clk_i Out 8 8-bit GMII TX data. 

gmii_tx_en_o txmac_clk_i Out 1 Indicates the GMII TX data is valid when asserted. 

gmii_tx_err_o txmac_clk_i Out 1 Indicates the GMII TX data contains an error. 

gmii_16_rx_d_i rxmac_clk_i In 16 16-bit GMII RX data. 

gmii_16_rx_dv
_i 

rxmac_clk_i 
In 2 Indicates the GMII RX data is valid when asserted. 

gmii_16_rx_err
_i 

rxmac_clk_i 
In 2 Indicates the GMII RX data contains error. 

gmii_16_tx_d_
o 

txmac_clk_i 
Out 16 16-bit GMII TX data. 

gmii_16_tx_en
_o 

txmac_clk_i 
Out 2 Indicates the GMII TX data is valid when asserted. 

gmii_16_tx_err
_o 

txmac_clk_i 
Out 2 Indicates the GMII TX data contains an error. 

MII Interface3 

mii_rx_d_i rxmac_clk_i In 4 4-bit MII RX data. 

mii_rx_dv_i rxmac_clk_i In 1 Indicates the MII RX data is valid when asserted. 

mii_rx_err_i rxmac_clk_i In 1 Indicates the MII RX data contains error. 

mii_tx_d_o txmac_clk_i Out 4 4-bit MII TX data. 

mii_tx_en_o txmac_clk_i Out 1 Indicates the MII TX data is valid when asserted. 

mii_tx_err_o txmac_clk_i Out 1 Indicates the MII TX data contains an error. 

AXI4-Stream Receive Interface 

axis_rx_tdata_
o 

xg_tx_gclk_o[0
]7 , txmac_clk_i Out 64 AXI4-Stream data from PHY to client. 

axis_rx_tkeep_
o 

xg_tx_gclk_o[0
]7, txmac_clk_i 

Out 8 

AXI4-Stream control that indicates which data is valid on axis_rx_tdata_o[ ]. 

• axis_rx_tkeep_o[0]: axis_rx_tdata_o [7:0] 

• axis_rx_tkeep_o[1]: axis_rx_tdata_o [15:8] 

• axis_rx_tkeep_o[2]: axis_rx_tdata_o [23:16] 

• axis_rx_tkeep_o[3]: axis_rx_tdata_o [31:24] 

• axis_rx_tkeep_o[4]: axis_rx_tdata_o [39:32] 

• axis_rx_tkeep_o[5]: axis_rx_tdata_o [47:40] 

• axis_rx_tkeep_o[6]: axis_rx_tdata_o [55:48] 

• axis_rx_tkeep_o[7]: axis_rx_tdata_o [63:56] 

axis_rx_tvalid_
o 

xg_tx_gclk_o[0
]7, rxmac_clk_i 

Out 1 AXI4-Stream data valid. 
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axis_rx_tuser_
o 

xg_tx_gclk_o[0
]7, rxmac_clk_i Out 1 

AXI4-Stream user signal used to indicate that the frame had a length error, 
termination error, or a CRC error. This signal is qualified with the 
axis_rx_tlast_o signal. 

axis_rx_tlast_o 
xg_tx_gclk_o[0
]7, rxmac_clk_i 

Out 1 AXI4-Stream signal indicating the end of a packet. 

AXI4-Stream Transmit Interface 

axis_tx_tready
_o 

xg_tx_gclk_o[0
]7, txmac_clk_i 

Out 1 AXI4-Stream signal indicating that the core can accept data transfer. 

axis_tx_tdata_i 
xg_tx_gclk_o[0
]7, txmac_clk_i 

In 64 AXI4-Stream data from client. 

axis_tx_tkeep_
i 

xg_tx_gclk_o[0
]7, txmac_clk_i 

In 8 

AXI4-Stream control that indicates which data is valid on axis_tx_tdata_i [ ]. 

• axis_tx_tkeep_i[0]: axis_tx_tdata_i[7:0] 

• axis_tx_tkeep_i[1]: axis_tx_tdata_i[15:8] 

• axis_tx_tkeep_i[2]: axis_tx_tdata_i[23:16] 

• axis_tx_tkeep_i[3]: axis_tx_tdata_i[31:24] 

• axis_tx_tkeep_i[4]: axis_tx_tdata_i[39:32] 

• axis_tx_tkeep_i[5]: axis_tx_tdata_i[47:40] 

• axis_tx_tkeep_i[6]: axis_tx_tdata_i[55:48] 

• axis_tx_tkeep_i[7]: axis_tx_tdata_i[63:56] 

axis_tx_tvalid_i 
xg_tx_gclk_o[0
]7, txmac_clk_i 

In 1 AXI4-Stream data valid. 

axis_tx_tuser_i 
xg_tx_gclk_o[0
]7, txmac_clk_i 

In 1 
AXI4-Stream user signal used to indicate an error in the frame. This signal is 
qualified with the axis_tx_tlast_i signal. 

axis_tx_tlast_i 
xg_tx_gclk_o[0
]7, txmac_clk_i 

In 1 AXI4-Stream signal indicating the end of a packet. 

APB Interface5 

apb_psel_i  
sysbus_clk_i 

In 1 
Select signal. Indicates that the completer device is selected and a data 
transfer is required. 

apb_paddr_i sysbus_clk_i In 32 Address signal. 

apb_pwdata_i  sysbus_clk_i In 32 Write data signal. 

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

apb_penable_i  
sysbus_clk_i 

In 1 
Enable signal. Indicates the second and subsequent cycles of an APB 
transfer. 

apb_pready_o 
sysbus_clk_i 

Out 1 
Ready signal. Indicates transfer completion. The completer uses this signal 
to extend an APB transfer. 

apb_prdata_o sysbus_clk_i Out 32 Read data signal.  

apb_pslverr_o sysbus_clk_i Out 1 Always driven low by IP. No transfer-error response is generated. 

AXI4-Lite Interface 

axi4l_awaddr_i sysbus_clk_i In 32 Write address bus. 

axi4l_awvalid_i sysbus_clk_i In 1 Write address valid. 

axi4l_awready
_o 

sysbus_clk_i Out 1 Write address acknowledge. 

axi4l_wdata_i sysbus_clk_i In 32 Write data bus. 

axi4l_wvalid_i sysbus_clk_i In 1 Write data valid. 

axi4l_wready_
o 

sysbus_clk_i Out 1 Write data acknowledge. 

axi4l_wstrb_i sysbus_clk_i In 4 AXI4-Lite write strobe. This feature is not supported so tied to 0. 

axi4l_bresp_o sysbus_clk_i Out 2 Write transaction response. 

axi4l_bvalid_o sysbus_clk_i Out 1 Write response valid. 

axi4l_bready_i sysbus_clk_i In 1 Write response acknowledge. 

axi4l_araddr_i sysbus_clk_i In 32 Read address bus. 
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axi4l_arvalid_i sysbus_clk_i In 1 Read address valid. 

axi4l_arready_
o 

sysbus_clk_i Out 1 Read address acknowledge. 

axi4l_rdata_o sysbus_clk_i Out 32 Read data output. 

axi4l_rresp_o sysbus_clk_i Out 2 Read data response. 

axi4l_rvalid_o sysbus_clk_i Out 1 Read data/response valid. 

axi4l_rready_i sysbus_clk_i In 1 Read data acknowledge. 

Statistics Vector Interface 

tx_statvec_o 

xg_tx_gclk_o[0
]7, txmac_clk_i  

Out 28 

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

• tx_statvec_o[13:0]: Frame byte count 

• tx_statvec_o[14]: Transmit is OK 

• tx_statvec_o[15]: MAC control inserted by MAC 

• tx_statvec_o[16]: MAC control inserted by Client 

• tx_statvec_o[17]: Jumbo frame 

• tx_statvec_o[18]: Tagged frame 

• tx_statvec_o[19]: Broadcast address 

• tx_statvec_o[20]: Multicast address 

• tx_statvec_o[21]: Underrun error 

• tx_statvec_o[22]: CRC error 

• tx_statvec_o[23]: Length check error 

• tx_statvec_o[24]: Terminate error 

• tx_statvec_o[25]: Long Frame error 

• tx_statvec_o[26]: PTP1588 frame 

tx_statvec_o[27]: Reserved for future use 

tx_staten_o 
xg_tx_gclk_o[0
]7, txmac_clk_i 

Out 1 
When asserted, indicates that the contents of the tx_statvec_o bus are 
valid. This signal is asserted for three txmac_clk_i periods. 

rx_statvec_o 

xg_tx_gclk_o[0
]7, rxmac_clk_i 

Out 28 

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

• rx_statvec_o[13:0]: Frame byte count 

• rx_statvec_o[14]: Frame dropped 

• rx_statvec_o[15]: Broadcast frame received 

• rx_statvec_o[16]: Multicast frame received 

• rx_statvec_o[17]: CRC error 

• rx_statvec_o[18]: VLAN Tag detected 

• rx_statvec_o[19]: PAUSE frame 

• rx_statvec_o[20]: Length check error 

• rx_statvec_o[21]: Frame is too long 

• rx_statvec_o[22]: MAC Address mismatch 

• rx_statvec_o[23]: Unsupported opcode. Only the opcode for PAUSE 
frame is supported. 

• rx_statvec_o[24]: Minimum IPG violated 

• rx_statvec_o[25]: Receive packet ignored 

• rx_statvec_o[26]: PTP1588 frame received 

• rx_statvec_o[27]: Reserved for future use 

rx_staten_o 
xg_tx_gclk_o[0
]7, txmac_clk_i 

Out 1 
When asserted, indicates that the contents of the rx_statvec_o bus are 
valid. This signal is asserted for three rxmac_clk_i periods. 

xg_pcsrdy_i  

xg_tx_gclk_o[0
]7 

In 1  

This is an active-high level status signal from an external PHY. Asserted 
when the PHY link status is ready. In cases where the local fault/remote 
fault is sending an earlier signal such as during the reset state, then this 
signal is used by MAC to determine the PHY link status when out of reset. 
As a result, the RX_STAT_LINK_OK counter is increased. 
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LINTR 

int_o 
sysbus_clk_i 

Out 1 
Interrupt request. For more information on the assertion of this signal, 
refer to the Interrupt Registers section. 

Miscellaneous 

speed_sel_i4 

xg_tx_gclk_o[0
]7, txmac_clk_i, 

rxmac_clk_i 

In 2 

PHY speed selection. The following lists the speed selection for different 
interfaces: 

• 0x0: XGMII interface 

• 0x1: 8-bit GMII interface 

• 0x2: 16-bit GMII interface 

• 0x3: MII interface 

Ensure that the MAC is idle with no packet transmission. After modifying 
this signal, the client is required to trigger the reset.  

TX Pause Frame6  

tx_pausreq_i xg_tx_gclk_o[0
]7, txmac_clk_i 

In 1 Transmit PAUSE frame.  

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

The tx_fc_en bit of TX_CTL register should be set to 1 to enable this 
feature.  

When this port is enabled, pause frame request through the tx_pausreg bit 
of the MAC_CTL register is disabled. 

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

Set this signal to 1 during the send request, maintaining it for at least the 
hold time specified below before resetting it to 0: 

• Standard maximum frame size of 1,518 bytes requires a hold time of 
1,214.4 ns (1,518 bytes divided by 8 bytes per clock cycle = 1,214.4 
ns). 

• Super jumbo frame size of 9,600 bytes requires a hold time of 7,680 ns 
(9,600 bytes divided by 8 bytes per clock cycle = 7,680 ns). 

 

The clock cycle is 6.4 ns per 8 bytes. 

tx_paustm_i xg_tx_gclk_o[0
]7, txmac_clk_i 

In 16 Pause Quanta time. 

This is equivalent to the tx_paustm bit of the PAUSE_TM register. 

Notes: 

1. Available when PHY Interface== XGMII or Dynamic Speed Selection == Enabled. 

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

3. Available when PHY Interface==MII or Dynamic Speed Selection == Enabled. 

4. Available when Dynamic Speed Selection == Enabled. 

5. Available when APB is selected as Host Interface. 

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

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

4.3. PHY Only Signals (Avant and Certus-N2 Devices) 

Table 4.3. Signal Description—PHY Only  

Port Name Clock Domain I/O Width Description 

Serial I/O 

pad_refclkn_i — In 1 156.25 MHz SERDES PLL reference clock signal (-). 

pad_refclkp_i — In 1 156.25 MHz SERDES PLL reference clock signal (+). 

pad_rxn_i pad_refclkn_i In 1 RX- differential signal. 

pad_rxp_i pad_refclkp_i In 1 RX+ differential signal. 
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Port Name Clock Domain I/O Width Description 

pad_txn_o pad_refclkn_i Out 1 TX- differential signal. 

pad_txp_o pad_refclkp_i Out 1 TX+ differential signal. 

Clock and Reset 

xg_tx_clk_i — In 1 TX clock input – 156.25 MHz clock for transmit data path. It is 
recommended to use the xg_tx_gclk_o[0] or xg_tx_clk_o. 

xg_rx_clk_i — In 1 RX clock input – 156.25 MHz clock for receive data path. It is 
recommended to use the xg_tx_gclk_o[0] or xg_tx_clk_o. 

xg_tx_clk_o — Out 1 TX clock output (156.25 MHz). 

xg_rx_clk_o — Out 1 RX clock output (156.25 MHz). 

xg_tx_gclk_o — Out 2 TX clock forwarded to global clock distribution (156.25 MHz). 

xg_rx_gclk_o — Out 1 RX clock forwarded to global clock distribution (156.25 MHz). 

reset_n_i Asynchronous In 1 Active-low asynchronous reset. 

sysbus_clk_i — In 1 Clock for Management module. It is recommended to use 100 
MHz. 

XGMII 

xg_txc_i xg_tx_gclk_o[0]  In 8 8-bit TX control signal. 

bit[0] is the control signal for xg_txd_i [7:0] 

bit[1] is the control signal for xg_txd_i [15:8] 

… 

bit[7] is the control signal for xg_txd_i [63:56] 

When control bit is high, indicates a control byte, otherwise it 
is a data byte. 

xg_txd_i xg_tx_gclk_o[0]  In 64 64-bit TX data signal. 

xg_rxc_o xg_tx_gclk_o[0]  Out 8 8-bit RX control signal. 

bit[0] is the control signal for xg_rxd_o [7:0] 

bit[1] is the control signal for xg_rxd_o [15:8] 

… 

bit[7] is the control signal for xg_rxd_o [63:56] 

When control bit is high, indicates a control byte, otherwise it 
is a data byte. 

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

ANLT2 

an_page_rx_o  xg_tx_gclk_o[0] Out 1 
Asserted whenever a new page is received. First assertion 
indicates lp_an_adv_ability is valid. Subsequent assertions 
indicate that the lp_an_next_page is valid.  

an_complete_o  xg_tx_gclk_o[0] Out 1 

Asserted when Auto-Negotiation is completed. Link training is 
part of the Auto-Negotiation process. For this signal to assert, 
the link training completion signal must be asserted first, 
followed by auto-negotiation completion. 

anlt_seq_done_o  xg_tx_gclk_o[0] Out 1 
Asserted when Auto-Negotiation and Link Training are 
completed. 

lt_training_failure_o  xg_tx_gclk_o[0] Out 1 Asserted when Link Training fails. 

lt_sigdet_o  xg_tx_gclk_o[0] Out 1 

Asserted when link training is complete and the send data 
state is entered. This signal might toggle prior to ANLT 
completion. It is recommended to consume this signal 
together with anlt_seq_done_o for a stable signal. 

Non-Standard RX/TX Signals 

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

When running 10GBASE-KR, this signal might toggle prior to 
ANLT completion. It is recommended to consume this signal 
together with anlt_seq_done_o for a stable signal. 
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Port Name Clock Domain I/O Width Description 

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

phy_init_done_o  pad_refclkp/n_i  Out 1 The high level of this signal indicates PHY initialization or reset 
is done. 

When running 10GBASE-KR, this signal might toggle prior to 
ANLT completion. It is recommended to consume this signal 
together with anlt_seq_done_o for a stable signal. 

pma_rx0_sigdet_hf_o Asynchronous  Out 1 Receive high-frequency signal detection output. When 
asserted, indicates that the receiver is receiving high-frequency 
signals. 

pma_rx0_sigdet_lf_o Asynchronous   Out 1 Receive low-frequency signal detection output. When 
asserted, indicates that the receiver is receiving low-frequency 
signals. 

AXI4-Lite Interface1 

axi4l_awaddr_i sysbus_clk_i In 32 Write address bus. 

axi4l_awvalid_i sysbus_clk_i In 1 Write address valid. 

axi4l_awready_o sysbus_clk_i Out 1 Write address acknowledge. 

axi4l_wdata_i sysbus_clk_i In 32 Write data bus. 

axi4l_wvalid_i sysbus_clk_i In 1 Write data valid. 

axi4l_wready_o sysbus_clk_i Out 1 Write data acknowledge. 

axi4l_wstrb_i sysbus_clk_i In 4 AXI4-Lite write strobe. This feature is not supported so tied to 
0. 

axi4l_bresp_o sysbus_clk_i Out 2 Write transaction response. 

axi4l_bvalid_o sysbus_clk_i Out 1 Write response valid. 

axi4l_bready_i sysbus_clk_i In 1 Write response acknowledge. 

axi4l_araddr_i sysbus_clk_i In 32 Read address bus. 

axi4l_arvalid_i sysbus_clk_i In 1 Read address valid. 

axi4l_arready_o sysbus_clk_i Out 1 Read address acknowledge. 

axi4l_rdata_o sysbus_clk_i Out 32 Read data output. 

axi4l_rresp_o sysbus_clk_i Out 2 Read data response. 

axi4l_rvalid_o sysbus_clk_i Out 1 Read data/response valid. 

axi4l_rready_i sysbus_clk_i In 1 Read data acknowledge. 

APB Interface1 

apb_psel_i  
sysbus_clk_i In 

1 
Select signal. Indicates that the completer device is selected 
and a data transfer is required. 

apb_paddr_i sysbus_clk_i In 32 Address signal. 

apb_pwdata_i  sysbus_clk_i In 32 Write data signal. 

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

apb_penable_i  
sysbus_clk_i In 

1 
Enable signal. Indicates the second and subsequent cycles of 
an APB transfer. 

apb_pready_o 
sysbus_clk_i Out 

1 
Ready signal. Indicates transfer completion. The completer 
uses this signal to extend an APB transfer. 

apb_prdata_o sysbus_clk_i Out 32 Read data signal.  

apb_pslverr_o 
sysbus_clk_i 

Out 1 
Always driven low by IP. No transfer-error response is 
generated. 

Note: 

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

2. Available when Auto Negotiation or Link Training is selected. 
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4.4. PHY Only Signals (CertusPro-NX Devices) 

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

Port Name Clock Domain I/O Width Description 

Serial I/O 

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

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

pad_rxn_i pad_refclkn_i In 1 RX- differential signal. 

pad_rxp_i pad_refclkp_i In 1 RX+ differential signal. 

pad_txn_o pad_refclkn_i Out 1 TX- differential signal. 

pad_txp_o pad_refclkp_i Out 1 TX+ differential signal. 

Other Reference Clock Source 

refclkn0_ext_i refclkn0_ext_i In 1 161.132812 MHz reference clock from external I/O pad0 (-). 

refclkp0_ext_i refclkp0_ext_i In 1 161.132812 MHz reference clock from external I/O pad0 (+) 

refclkn1_ext_i refclkn1_ext_i In 1 161.132812 MHz reference clock from external I/O pad1 (-). 

refclkp1_ext_i refclkp1_ext_i In 1 161.132812 MHz reference clock from external I/O pad1 (+). 

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

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

sd_pll_refclk_i sd_pll_refclk_i In 1 161.132812 MHz reference clock from fabric. 

Reference Clock MUX Tree Control Signals 

use_refmux_i — In 1 See the Reference Clocks section. 

diffioclksel_i — In 1 See the Reference Clocks section. 

clksel_i — In 2 See the Reference Clocks section. 

Clock and Reset 

xg_tx_clk_i — In 1 TX clock input – 156.25 MHz clock for transmit data path.  

Note:  Ensure the clock precisely generates a 156.25 MHz clock 
from 322.265625 MHz xg_tx_clk_o. 

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

xg_rx_clk_i — In 1 RX clock input – 156.25 MHz clock for receive data path.  

Note:  Ensure the clock precisely generates a 156.25 MHz clock 
from the 322.265625 MHz xg_tx_clk_o. 

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

xg_pcs_clkin_i — In 1 Low speed clock input to PMA. Use 100–300 MHz clock. This 
clock should be stable and continuous after power on. 

xg_tx_clk_o — Out 1 TX clock output – 322.265625 MHz. 

xg_rx_clk_o — Out 1 RX clock output – 322.265625 MHz. 

reset_n_i Asynchronous In 1 Active-low asynchronous reset. 

sysbus_clk_i — In 1 Clock for Management module (APB interface). It is 
recommended to use between 20 MHz to 156.25 MHz clock. 

XGMII 

xg_txc_i xg_tx_clk_i In 8 8-bit TX control signal. 

bit[0] is the control signal for xg_txd_i [7:0] 

bit[1] is the control signal for xg_txd_i [15:8] 

… 

bit[7] is the control signal for xg_txd_i [63:56] 

When control bit is high, indicates a control byte, otherwise it is 
a data byte. 

xg_txd_i xg_tx_clk_i In 64 64-bit TX data signal. 

xg_rxc_o xg_rx_clk_i Out 8 8-bit RX control signal. 
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Port Name Clock Domain I/O Width Description 

bit[0] is the control signal for xg_rxd_o [7:0] 

bit[1] is the control signal for xg_rxd_o [15:8] 

… 

bit[7] is the control signal for xg_rxd_o [63:56] 

When control bit is high, indicates a control byte, otherwise it is 
a data byte. 

xg_rxd_o xg_rx_clk_i Out 64 64-bit RX data signal. 

Non-Standard RX/TX Signals 

xg_rxval_o xg_rx_clk_i  Out 1 RX valid signal. When high, indicates that the corresponding 
values on signals xg_rxc_o and xg_rxd_o are valid. 

xg_txval_i xg_tx_clk_i In 1 TX valid signal. When high, indicates that the corresponding 
values on signals xg_txc_i and xg_txd_i are valid. 

xg_txrdy_o xg_tx_clk_i Out 1 TX ready signal. When high, indicates that XGMII PCS is ready to 
accept the user data and control signal (xg_txc_i and xg_txd_i). 

xg_rx_hi_ber_o xg_rx_clk_i Out 1 Assertion of this signal indicates a high bit error rate (BER). 

xg_rx_blk_lock_o xg_rx_clk_i Out 1 Assertion of this signal indicates the block lock is achieved. 

APB Interface1 

apb_psel_i sysbus_clk_i In 1 Completer select. 

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

apb_paddr_i sysbus_clk_i In 32 Address. 

apb_pwdata_i sysbus_clk_i In 32 Write Data. 

apb_pwrite_i sysbus_clk_i In 1 Indicates write or read access. 

0 – Read. 

1 – Write. 

apb_prdata_o sysbus_clk_i Out 32 Read Data. 

apb_pready_o sysbus_clk_i Out 1 Ready. The completer uses this signal to extend an APB transfer. 

apb_pslverr_o sysbus_clk_i Out 1 Always driven low by IP. No transfer-error response is 
generated. 

 

4.5. MAC + PHY + 1588 Signals (CertusPro-NX Devices) 

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

Port Name Clock Domain I/O Width Description 

Serial I/O 

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

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

pad_rxn_i  pad_refclkn_i In 1  RX- differential signal.  

pad_rxp_i  pad_refclkp_i In 1  RX+ differential signal.  

pad_txn_o  pad_refclkn_i Out 1  TX- differential signal.  

pad_txp_o  pad_refclkp_i Out 1  TX+ differential signal.  

Other Reference Clock Source 

refclkp0_ext_i — In 1 161.132812 MHz reference clock from external I/O pad0 (+) . 

refclkn0_ext_i — In 1 161.132812 MHz reference clock from external I/O pad0 (-).  

refclkp1_ext_i — In 1 161.132812 MHz reference clock from external I/O pad1 (+).  

refclkn1_ext_i — In 1 161.132812 MHz reference clock from external I/O pad1 (-).  

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

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

sd_pll_refclk_i — In 1 161.132812 MHz reference clock from fabric. 
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Port Name Clock Domain I/O Width Description 

use_refmux_i 

— 

In 1 

1’b1 – Use reference clock output from Clock MUX Tree 
(PCSREFMUX).  

1’b0 – Use dedicated reference clocks (pad_refclkp/n_i).  

diffioclksel_i 
— 

In 1 
1’b1 – Use refclkp/n1_ext_i as reference clocks.  

1’b0 – Use refclkp/n0_ext_i as reference clocks.  

clksel_i 

— 

In 2 

2’b00 – Use pll_0_refclk_i as reference clocks.  

2’b01 – Use pll_1_refclk_i as reference clocks.  

2’b10 – Use reference clock based on diffioclksel_i.  

2’b11 – Use sd_pll_refclk_i as reference clock.  

xg_pcs_clkin_i 
— 

In 1  
Low speed clock input to PMA. Use 100–300 MHz clock. This 
clock should be stable and continuous after power on. 

Clock and Reset 

sysbus_clk_i 

— 

In 1 

Clock for Management module. 

It is recommended to use between 20 MHz to 156.25 MHz 
clock for XGMII interface. 

mac_clk 
— 

In 1 
Input clock for MAC and TSU. 156.25 MHz clock for XGMII 
interface. 

mac_rst_n — In 1 
This active-low mac_rst_n is used to reset MAC and TSU 
block.  

reset_n_i Asynchronous In 1  Active low Async global reset.  

xg_tx_clk_o — Out 1 TX clock output (322.265625 MHz). 

xg_rx_clk_o — Out 1 RX clock output (322.265625 MHz ). 

xg_rx_rst_n_i Asynchronous In 1 
RX Active Low reset. Asynchronous assert, synchronous 
(xg_rx_clk_i) deassert.  

xg_tx_rst_n_i Asynchronous In 1 
TX Active Low reset. Asynchronous assert, synchronous 
(xg_tx_clk_i) deassert.  

xg_tx_clk_i — In 1 TX clock input – 156.25 MHz clock for transmit data path.  

xg_rx_clk_i — In 1 RX clock input – 156.25 MHz clock for receive data path.  

AXI4-Stream Receive Interface 

axis_rx_tdata_o mac_clk Out 64 AXI4-Stream data from PHY to client. 

axis_rx_tkeep_o mac_clk 
Out 8 

AXI4-Stream control that indicates which data is valid on 
axis_rx_tdata_o. 

axis_rx_tvalid_o mac_clk Out 1 AXI4-Stream data valid. 

 

axis_rx_tuser_o 

mac_clk 
Out 

 

1 

AXI4-Stream user signal used to indicate that the frame had a 
length error, termination error, or a CRC error. This signal is 
qualified with the axis_rx_tlast_o signal. 

axis_rx_tlast_o mac_clk  Out 1 AXI4-Stream signal indicating the end of a packet. 

AXI4-Stream Transmit Interface 

axis_tx_tready_o mac_clk 
Out 1 

AXI4-Stream signal indicating that the core can accept data 
transfer. 

axis_tx_tdata_i mac_clk In 64 AXI4-Stream data from client. 

axis_tx_tkeep_i mac_clk 
In 8 

AXI4-Stream control that indicates which data is valid on 
axis_tx_tdata_i. 

axis_tx_tvalid_i mac_clk In 1 AXI4-Stream data valid. 

axis_tx_tuser_i mac_clk 
In 1 

AXI4-Stream user signal used to indicate an error in the 
frame.  

axis_tx_tlast_i mac_clk 
In 1 

AXI4-Stream signal indicating the end of a packet. 

 

Non-Standard RX/TX Signals 

tx_statvec_o 
mac_clk 

Out 28 
Contains information on the frame transmitted. This bus is 
qualified by the tx_staten_o signal. 
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Port Name Clock Domain I/O Width Description 

tx_statvec_o[13:0]: Frame byte count. 

tx_statvec_o[14]: Transmit is OK. 

tx_statvec_o[15]: MAC control inserted by MAC. 

tx_statvec_o[16]: MAC control inserted by Client. 

tx_statvec_o[17]: Jumbo frame. 

tx_statvec_o[18]: Tagged frame. 

tx_statvec_o[19]: Broadcast address. 

tx_statvec_o[20]: Multicast address. 

tx_statvec_o[21]: Underrun error. 

tx_statvec_o[22]: CRC error. 

tx_statvec_o[23]: Length check error. 

tx_statvec_o[24]: Terminate error. 

tx_statvec_o[25]: Long Frame error. 

tx_statvec_o[26]: PTP1588 frame. 

tx_statvec_o[27]: Reserved for future use. 

tx_staten_o mac_clk 
Out 1 

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

rx_statvec_o 

mac_clk 

Out 28 

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

rx_statvec_o[13:0]: Frame byte count. 

rx_statvec_o[14]: Frame dropped. 

rx_statvec_o[15]: Broadcast frame received. 

rx_statvec_o[16]: Multicast frame received. 

rx_statvec_o[17]: CRC error. 

rx_statvec_o[18]: VLAN Tag detected. 

rx_statvec_o[19]: PAUSE frame. 

rx_statvec_o[20]: Length check error. 

rx_statvec_o[21]: Frame is too long. 

rx_statvec_o[22]: MAC address mismatch. 

rx_statvec_o[23]: Unsupported opcode. Only the opcode for 
PAUSE frame is supported. 

rx_statvec_o[24]: Minimum IPG violated. 

rx_statvec_o[25]: Receive packet ignored. 

rx_statvec_o[26]: PTP1588 frame received. 

rx_statvec_o[27]: Reserved for future use. 

rx_staten_o 
mac_clk 

Out 1 
When asserted, indicates that the contents of the 
rx_statvec_o bus are valid. This signal is asserted for 3 
rxmac_clk_i periods. 

int_o 
mac_clk 

Out 1 
Interrupt request. See Interrupt Registers for the details of 
the assertion of this signal. 

xg_txrdy_o mac_clk  
Out 1 

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

xg_rx_hi_ber_o mac_clk Out 1  Assertion of this signal indicates high bit error rate (BER).  

xg_rx_blk_lock_o mac_clk Out 1 Assertion of this signal indicates the block lock is achieved.  

xg_rxval_o mac_clk 
Out 1 

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

xg_txval_i mac_clk 
In 1 

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

APB Interfaces 

apb_psel_i  sysbus_clk_i In 1  Completer select.  

apb_penable_i  sysbus_clk_i In 1  Enable. This signal indicates the second and subsequent 
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Port Name Clock Domain I/O Width Description 

cycles of an APB transfer.  

apb_paddr_i  sysbus_clk_i In 32 Address.  

apb_pwdata_i  sysbus_clk_i In 32 Write data.  

apb_pwrite_i  sysbus_clk_i 

In 1  

Indicates write or read access.  

0 – Read. 

1 – Write. 

apb_prdata_o sysbus_clk_i Out 32 Read data.  

apb_pready_o  sysbus_clk_i 
Out 1  

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

apb_pslverr_o sysbus_clk_i 
Out 

1 Always driven low by IP. No transfer-error response is 
generated. 

Timestamp Signals 

tx_ToD_timestamp External 125 
MHz clock 
frequency. 

In 80 

80-bit TX ToD timestamp generated from external ToD 
counter. This timestamp does not include the fraction 
nanosecond. The recommended clock frequency to generate 
ToD counter is 125 MHz. 
 
Bit 32 to 79: 48-bit seconds field. 

Bit 0 to 31: 32-bit nanoseconds field. 

rx_ToD_timestamp External 125 
MHz clock 
frequency. 

In 80 

80-bit RX ToD timestamp generated from external ToD 
counter. This timestamp does not include the fraction 
nanosecond. The recommended clock frequency to generate 
ToD counter is 125 MHz. 
 
Bit 32 to 79: 48-bit seconds field. 

Bit 0 to 31: 32-bit nanoseconds field. 

rx_timestamp_rd_en mac_clk In 1 To enable read operation to RX timestamp FIFO. 

rx_timestamp_rd_data mac_clk 

Out 32 

Data out from the RX timestamp FIFO. Each PTP entry is a 
128-bit record containing timestamp + sequence number, 
read out as four consecutive 32-bit words on 
rx_timestamp_rd_data. 

[79:0]: timestamp 

[95:80]: sequence number 

[127:96]: reserved 

rx_timestamp_rd_data_valid mac_clk Out 1 Data out valid from the RX timestamp FIFO. 

rx_timestamp_buffer_data_
count 

mac_clk 
Out 32 

RX FIFO timestamp count. Indicates the number of 
timestamps stored in the FIFO for you to read. 

rx_timestamp_buffer_empty
_n 

mac_clk 
Out 1 

Active-low signal. This signal indicates the RX timestamp 
buffer status during 2-step PTP. 

tx_timestamp_rd_en mac_clk In 1 To enable read operation to TX timestamp FIFO. 

tx_timestamp_rd_data mac_clk 

Out 32 

Data out from the TX timestamp FIFO. Each PTP entry is a 
128-bit record containing timestamp + sequence number, 
read out as four consecutive 32-bit words on 
tx_timestamp_rd_data. 

[79:0]: timestamp 

[95:80]: sequence number 

[127:96]: reserved 

tx_timestamp_rd_data_valid mac_clk Out 1 Data out valid from the TX timestamp FIFO. 

tx_timestamp_buffer_data_
count 

mac_clk 
Out 32 

TX FIFO timestamp count. 

tx_timestamp_buffer_empty
_n 

mac_clk 
Out 1 

Active-low signal. This signal indicates the TX timestamp 
buffer status during 2-step PTP. 
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4.5.1. Clock Signal for MAC + PHY + 1588 Signals 

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

Interface Signal Clock Signal 

tx_ToD_timestamp/rx_ToD_timestamp External 125 MHz clock frequency. 

rx_timestamp_rd* / tx_timestamp_rd* 

rx_timestamp_rd_data* / tx_timestamp_rd_data* 

rx_timestamp_buffer* / tx_timestamp_buffer* 

mac_clk 

 

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

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

Port Name Clock Domain I/O Width Description 

Serial I/O 

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

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

pad_rxn_i  pad_refclkn_i In 1  RX- differential signal.  

pad_rxp_i  pad_refclkp_i In 1  RX+ differential signal.  

pad_txn_o  pad_refclkn_i Out 1  TX- differential signal.  

pad_txp_o  pad_refclkp_i Out 1  TX+ differential signal.  

Other Reference Clock Source 

refclkp0_ext_i — In 1 161.132812 MHz reference clock from external I/O pad0 (+) . 

refclkn0_ext_i — In 1 161.132812 MHz reference clock from external I/O pad0 (-).  

refclkp1_ext_i — In 1 161.132812 MHz reference clock from external I/O pad1 (+).  

refclkn1_ext_i — In 1 161.132812 MHz reference clock from external I/O pad1 (-).  

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

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

sd_pll_refclk_i — In 1 161.132812 MHz reference clock from fabric. 

use_refmux_i 

— 

In 1 

1’b1 – Use reference clock output from Clock MUX Tree 
(PCSREFMUX).  

1’b0 – Use dedicated reference clocks (pad_refclkp/n_i).  

diffioclksel_i 
— 

In 1 
1’b1 – Use refclkp/n1_ext_i as reference clocks.  

1’b0 – Use refclkp/n0_ext_i as reference clocks.  

clksel_i 

— 

In 2 

2’b00 – Use pll_0_refclk_i as reference clocks.  

2’b01 – Use pll_1_refclk_i as reference clocks.  

2’b10 – Use reference clock based on diffioclksel_i.  

2’b11 – Use sd_pll_refclk_i as reference clock.  

xg_pcs_clkin_i 
— 

In 1  
Low speed clock input to PMA. Use 100–300 MHz clock. This 
clock should be stable and continuous after power on. 

Clock and Reset 

sysbus_clk_i 

— 

In 1 

Clock for the Management module. 

It is recommended to use between 20 MHz to 156.25 MHz 
clock for XGMII interface. 

mac_clk — In 1 Input clock for MAC. 156.25 MHz clock for XGMII interface. 

reset_n_i Asynchronous In 1 Active low Async global reset.  

xg_tx_clk_o — Out 1 TX clock output (322.265625 MHz). 

xg_rx_clk_o — Out 1 RX clock output (322.265625 MHz ). 

xg_rx_rst_n_i Asynchronous In 1 
RX Active Low reset. Asynchronous assert, synchronous 
(xg_rx_clk_i) deassert.  

xg_tx_rst_n_i Asynchronous In 1 TX Active Low reset. Asynchronous assert, synchronous 
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Port Name Clock Domain I/O Width Description 

(xg_tx_clk_i) deassert.  

xg_tx_clk_i — In 1 TX clock input – 156.25 MHz clock for transmit data path.  

xg_rx_clk_i — In 1 RX clock input – 156.25 MHz clock for receive data path.  

AXI4-Stream Receive Interface 

axis_rx_tdata_o mac_clk Out 64 AXI4-Stream data from PHY to client. 

axis_rx_tkeep_o mac_clk 
Out 8 

AXI4-Stream control that indicates which data is valid on 
axis_rx_tdata_o. 

axis_rx_tvalid_o mac_clk Out 1 AXI4-Stream data valid. 

 

axis_rx_tuser_o 

mac_clk 
Out 

 

1 

AXI4-Stream user signal used to indicate that the frame had a 
length error, termination error, or a CRC error. This signal is 
qualified with the axis_rx_tlast_o signal. 

axis_rx_tlast_o mac_clk  Out 1 AXI4-Stream signal indicating the end of a packet. 

AXI4-Stream Transmit Interface 

axis_tx_tready_o mac_clk 
Out 1 

AXI4-Stream signal indicating that the core can accept data 
transfer. 

axis_tx_tdata_i mac_clk In 64 AXI4-Stream data from client. 

axis_tx_tkeep_i mac_clk 
In 8 

AXI4-Stream control that indicates which data is valid on 
axis_tx_tdata_i. 

axis_tx_tvalid_i mac_clk In 1 AXI4-Stream data valid. 

axis_tx_tuser_i mac_clk 
In 1 

AXI4-Stream user signal used to indicate an error in the 
frame.  

axis_tx_tlast_i mac_clk In 1 AXI4-Stream signal indicating the end of a packet. 

Non-Standard RX/TX Signals 

tx_statvec_o 

mac_clk 

Out 28 

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

tx_statvec_o[13:0]: Frame byte count. 

tx_statvec_o[14]: Transmit is OK. 

tx_statvec_o[15]: MAC control inserted by MAC. 

tx_statvec_o[16]: MAC control inserted by Client. 

tx_statvec_o[17]: Jumbo frame. 

tx_statvec_o[18]: Tagged frame. 

tx_statvec_o[19]: Broadcast address. 

tx_statvec_o[20]: Multicast address. 

tx_statvec_o[21]: Underrun error. 

tx_statvec_o[22]: CRC error. 

tx_statvec_o[23]: Length check error. 

tx_statvec_o[24]: Terminate error. 

tx_statvec_o[25]: Long Frame error. 

tx_statvec_o[26]: PTP1588 frame. 

tx_statvec_o[27]: Reserved for future use. 

tx_staten_o mac_clk 
Out 1 

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

rx_statvec_o 

mac_clk 

Out 28 

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

rx_statvec_o[13:0]: Frame byte count. 

rx_statvec_o[14]: Frame dropped. 

rx_statvec_o[15]: Broadcast frame received. 

rx_statvec_o[16]: Multicast frame received. 

rx_statvec_o[17]: CRC error. 

rx_statvec_o[18]: VLAN Tag detected. 

rx_statvec_o[19]: PAUSE frame. 
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Port Name Clock Domain I/O Width Description 

rx_statvec_o[20]: Length check error. 

rx_statvec_o[21]: Frame is too long. 

rx_statvec_o[22]: MAC address mismatch. 

rx_statvec_o[23]: Unsupported opcode. Only the opcode for 
PAUSE frame is supported. 

rx_statvec_o[24]: Minimum IPG violated. 

rx_statvec_o[25]: Receive packet ignored. 

rx_statvec_o[26]: PTP1588 frame received. 

rx_statvec_o[27]: Reserved for future use. 

rx_staten_o 
mac_clk 

Out 1 
When asserted, indicates that the contents of the 
rx_statvec_o bus are valid. This signal is asserted for 3 
rxmac_clk_i periods. 

int_o 
mac_clk 

Out 1 
Interrupt request. See Interrupt Registers for the details of 
the assertion of this signal. 

xg_txrdy_o mac_clk 
Out 1 

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

xg_rx_hi_ber_o mac_clk Out 1  Assertion of this signal indicates high bit error rate (BER).  

xg_rx_blk_lock_o mac_clk Out 1 Assertion of this signal indicates the block lock is achieved.  

xg_rxval_o mac_clk 
Out 1 

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

xg_txval_i mac_clk 
In 1 

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

APB Interfaces 

apb_psel_i  sysbus_clk_i In 1  Completer select.  

apb_penable_i  sysbus_clk_i 
In 1  

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

apb_paddr_i  sysbus_clk_i In 32 Address.  

apb_pwdata_i  sysbus_clk_i In 32 Write data.  

apb_pwrite_i  sysbus_clk_i 

In 1  

Indicates write or read access.  

0 – Read. 

1 – Write. 

apb_prdata_o sysbus_clk_i Out 32 Read data.  

apb_pready_o  sysbus_clk_i 
Out 1  

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

apb_pslverr_o sysbus_clk_i 
Out 

1 Always driven low by IP. No transfer-error response is 
generated. 
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5. Register Description 
This section describes the registers for the 10G Ethernet MAC + PHY IP core.  

It is recommended to perform register configuration for MAC and PHY modules after the PHY is ready. For more 
information, refer to the Signal Description section for CertusPro-NX and Avant.  

5.1. MAC + PHY Registers (Avant Devices) 
The registers available in the Ethernet MAC + PHY option include all registers from the MAC and PHY.  

For register descriptions in the 10GbE MAC and PHY, refer to the MAC Registers and PHY Registers (Avant Devices) 
section.   

5.1.1. Register Address Mapping 

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

Table 5.1. Register Address Mapping  

Block APB Base Address 

MAC 0x0000 – 0x03FF 

ANLT 0x0400 – 0x07FF 

PHY 0x5000 onwards 

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

PCS and MAC registers.  

5.2. MAC Registers 
All registers are accessed through the APB interface or AXI4-Lite when the IP is configured as MAC Only.  

Table 5.2. Access Types for MAC Only 

Access Type  Behavior on Read Access  Behavior on Write Access  

RO  Returns register value  Ignores write access.  

WO  Returns 0  Updates register value.  

RW  Returns register value  Updates register value.  

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

5.2.1. Configuration Registers for MAC 

The following table lists the 10GbE MAC configuration registers.  

Table 5.3. Configuration Registers for MAC 

Offset Register Name Access Description 

0x000 MODE RW Mode of Operation Register 

0x004 TX_CTL RW Transmit MAC Control Register 

0x008 RX_CTL RW Receive MAC Control Register 

0x00C MAX_PKT_LNGTH RW Maximum Packet Size Register 

0x010 IPG_VAL RW IPG Value Register  

0x014 MAC_ADDR_0 RW MAC Address Register Word 0 

0x018 MAC_ADDR_1 RW MAC Address Register Word 1 

0x01C TX_RX_STS RO Transmit and Receive Status Register 

0x020 VLAN_TAG RO VLAN Tag Register 
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Offset Register Name Access Description 

0x024 MC_TABLE_0 RW Multicast Tables Register Word 0 

0x028 MC_TABLE_1 RW Multicast Tables Register Word 1 

0x02C PAUSE_OPCODE RO Pause Opcode  

0x030 MAC_CTL RW MAC Control Register 

0x034 PAUSE_TM RW Pause Time Register 

 

5.2.1.1. MODE Register 

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

Table 5.4. MODE Register 

Bit Label Description Default 

[31:2] Reserved Reserved bits. 0 

[1] tx_en 
TX MAC Enable 

When set to 1, the TX MAC is enabled to transmit frames. 
0 

[0] rx_en 
RX MAC Enable 

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

5.2.1.2. TX_CTL Register 

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

Table 5.5. TX_CTL Register 

Bit Label Description Default 

[31:5] Reserved Reserved bits. 0 

[4] tx_pass_pream 

TX Custom Preamble Mode. 

When set to 1, the TX MAC operates in custom preamble mode where it 
preserves the preamble field presented on the client interface. 

Note: Custom preamble mode is only supported by XGMII interface. 

0 

[3] transmit_short 

Transmit Short Frames. 

When set to 1, the TX MAC transmits frames shorter than 64 bytes without 
adding padding bytes. 

When set to 0, TX MAC adds padding bytes when frames are shorter than 64 
bytes before transmitted to the PHY. 

0 

[2] 
  

Reserved  
Reserved bits. 0 

[1] tx_fc_en 

Flow-control Enable. 

When set to 1, this enables the flow control functionality of the TX MAC. This bit 
must be set for the TX MAC to transmit a pause frame. 

0 

[0] tx_pass_fcs  

In-band FCS Enable. 

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

0 

 

5.2.1.3. RX_CTL Register 

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

Table 5.6. RX_CTL Register 

Bit Label Description Default 

[31:8] Reserved Reserved bits. 0 

[7] rx_pass_pream 
RX Custom Preamble Mode.  

When set to 1, the RX MAC operates in custom preamble mode where it preserves the 
0 
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Bit Label Description Default 

preamble field of the received frame. 

Note: Custom preamble mode is only supported by XGMII interface. 

[6] drop_mac_ctrl 
Drop MAC Control Frames.  

When set to 1, all MAC control frames are not passed on to the client interface. 
0 

[5] receive_short 
Receive Short Frames.  

When set to 1, enables the RX MAC to receive frames shorter than 64 bytes. 
0* 

[4] receive_bc 
Receive Broadcast Frames.  

When set to 1, it enables the RX MAC to receive broadcast frames. 
0 

[3] receive_all_mc 

Receive Multicast Frames.  

When set to 1, the multicast frames are received per the filtering rules for such frames. 
When set to 0, no multicast (except pause frames) frames are received. 

0 

[2] rx_pause_en 

Receive Pause Frames.  

When set to 1, the RX MAC indicates the pause frame reception to the TX MAC. Pause 
frames are received and transferred to the AXI4-Stream interface only when the 
drop_mac_ctrl bit is not set. 

0 

[1] rx_pass_fcs 

In-band FCS Passing.  

When set to 1, the FCS and any of the padding bytes are passed to the AXI4-Stream 
interface. When set to 0, the MAC strips off the FCS and any padding bytes before 
transferring it to the AXI4-Stream interface. 

0 

[0] prms 

Promiscuous Mode.  

When set to 1, all filtering schemes are abandoned, and the RX MAC receives frames 
with any address. 

0 

* Note: If the L/T value is less than 46 bytes, it detects as short frame, and it will not be dropped. If the L/T value is less than 46 bytes 
but the payload is more than the defined value, then the extra payload will be treated as the padded byte. 

5.2.1.4. MAX_PKT_LNGTH Register 

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

Table 5.7. MAX_PKT_LNGTH Register 

Bit Label Description Default 

[31:14] Reserved Reserved bits. 0 

[13:0] max_pkt_len 

Maximum Frame Length.  

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

0 

 

5.2.1.5. IPG_VAL Register 

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

Table 5.8. IPG_VAL Register 

Bit Label Description Default 

[31:5] Reserved Reserved bits. — 

[4:0] tx_ipg 

Transmit Inter-Packet Gap. 

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

5’h1 
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5.2.1.6. MAC_ADDR_0 and MAC_ADDR_1 Register 

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

Table 5.9. MAC_ADDR_0 Register 

Bit Label Description Default 

[31:0] mac_addr_0 
First four bytes of the MAC address. 

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

 

Table 5.10. MAC_ADDR_1 Register 

Bit Label Description Default 

[31:16] Reserved Reserved bits. 0 

[15:0] mac_addr_1 
Last two bytes of the MAC address. 

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

 

5.2.1.7. TX_RX_STS Register 

Table 5.11. TX_RX_STS Register 

Bit Label Description Default* 

[31:5] Reserved Reserved bits. — 

[4] link_ok 

Link is OK.  

When set to 1, this indicates that no fault symbols were received on 
the link. 

— 

[3] remote_fault 

Remote fault.  

When set to 1, this indicates that remote fault symbols were received 
on the link. 

— 

[2] local_fault 

Local fault. 

When set to 1, this indicates that local fault symbols were received on 
the link. 

— 

[1] rx_idle 

Receive MAC idle.  

When set to 1, this indicates that the RX MAC is inactive. Any incoming 
frame will immediately set this bit back to 0. Therefore, observing at 
least five consecutive samples of 1 confirms that the MAC is idle. 

However, this idle-detection mechanism is subject to stability 
limitations, such as timers stability or additional activity-status checks. 
As a result, this bit does not strictly guarantee end-to-end idleness and 
may not reliably reflect the true IDLE state under all operating 
conditions. 

— 

[0] tx_idle 

Transmit MAC idle. 

When set to 1, this indicates that the TX MAC is inactive. Any incoming 
frame will immediately set this bit back to 0. Therefore, observing at 
least five consecutive samples of 1 confirms that the MAC is idle.  

However, this idle-detection mechanism is subject to stability 
limitations, such as timers stability or additional activity-status checks. 
As a result, this bit does not strictly guarantee end-to-end idleness and 
may not reliably reflect the true IDLE state under all operating 
conditions. 

— 

* Note: No default value is defined for the read‑only status register. 
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5.2.1.8. VLAN_TAG Register 

This register has the VLAN tag field of the most recent tagged frame that was received. 

Table 5.12. VLAN_TAG Register 

Bit Label Description Default 

[31:16] Reserved Reserved bits. 0 

[15:0] vlan_tag VLAN tag ID. 0 

 

5.2.1.9. MC_TABLE_0 and MC_TABLE_1 Register 

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

Table 5.13. MC_TABLE_0 Register 

Bit Label Description Default 

[31:0] mc_table_0 
Multicast Table Word 0. 

First 4-bytes of the 64-bit hash. 
0 

 

Table 5.14. MC_TABLE_1 Register 

Bit Label Description Default 

[31:0] mc_table_1 
Multicast Table Word 1. 

Last 4-bytes of the 64-bit hash. 
0 

5.2.1.10. PAUSE_OPCODE Register 

This register contains the pause opcode. This is compared against the opcode in the received pause frame. This value is 
also included in any pause frame transmitted by the MAC. 

Table 5.15. PAUSE_OPCODE Register 

Bit Label Description Default 

[31:16] Reserved Reserved bits. 0 

[15:0] pause_opcode Pause opcode. 16’h01 

 

5.2.1.11. MAC_CTL Register 

Table 5.16. MAC_CTL Register 

Bit Label Description Default 

[31:5] Reserved Reserved bits. — 

[4] ignore_pkt 
Ignore packet. 

When set to 1, the RX MAC ignores or drops incoming packets. 
0 

[3:1] Reserved Reserved bits. — 

[0] tx_pausreq 

Transmit pause frame.  

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

The tx_fc_en bit of TX_CTL register should be set to 1 to enable this 
feature. 

Set this register to 1 during send request, maintaining it for at least the 
hold time specified below before resetting it to 0. 

Standard maximum frame size of 1,518 bytes requires a hold time of 
1,214.4 ns (1,518 bytes divided by 8 bytes per clock cycle = 1,214.4 ns). 

Super jumbo frame size of 9,600 bytes requires a hold time of 7,680 ns 
(9,600 bytes divided by 8 bytes per clock cycle = 7,680 ns). 

Clock cycle of 6.4 ns (per 8 bytes). 

0 
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5.2.1.12. PAUSE_TM Register 

This register has the pause time for a flow control packet sourced by the 10 Gb MAC transmitter. 

Table 5.17. PAUSE_TM Register 

Bit Label Description Default 

[31:16] Reserved Reserved bits. — 

[15:0] tx_paustm Pause duration.   0 

 

5.2.2. Interrupt Registers 

For details of these registers, refer to the Lattice Interrupt Interface section of the Lattice Memory Mapped Interface 
and Lattice Interrupt Interface User Guide (FPGA-UG-02039). This section provides a set of dynamically programmable 
configuration, control, and status bits or provide interfaces for transactional data transfer. 

Table 5.18. Summary of Interrupt Registers 

Offset Register Name Access Description 

0x038 INT_STATUS RW1C Interrupt Status Register. 

0x03C INT_ENABLE RW Interrupt Enable Register. 

0x040 INT_SET WO Interrupt Set Register. 

 

5.2.2.1. INT_STATUS Register 

Table 5.19. INT_STATUS Register 

Bit Label Description Default 

[31:2] Reserved Reserved bits. - 

[1] remote_fault_int Remote fault symbols received. - 

[0] local_fault_int Local fault symbols received. - 

Notes: 

1. No default value for INT_STATUS register. 

2. During power-up, if the link is not yet ready, PCS or RS layer will detect the absence of valid incoming signal and generate a local 
fault. A remote fault will be sent to the peer. Once the link is ready, you can clear INT_STATUS by writing 1’b1 on register bit. 

5.2.2.2. INT_ENABLE Register 

Table 5.20. INT_ENABLE Register 

Bit Label Description Default 

[31:2] Reserved Reserved bits. 0 

[1] remote_fault_en Enables remote_fault_int. 0 

[0] local_fault_en Enables local_fault_int. 0 

 

5.2.2.3. INT_SET Register 

Table 5.21. INT_SET Register 

Bit Label Description Default 

[31:2] Reserved Reserved bits. 0 

[1] remote_fault_set Sets remote_fault_int. 0 

[0] local_fault_set Sets local_fault_int. 0 

5.2.3. Statistics Counters 

These statistic counters are wraparound counters and can only be reset when the system reset is asserted. The default 
value of these counters is 0, and these registers can only be accessed after the MAC is released from reset, at which 
point RX_STAT_LINK_OK is set to a non-default value. 
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The register name with “_0” refers to the least significant word of the counter and “_1” refers to the most significant 
word. 

The transmit (TX) statistics counters exhibit consistent behavior across all Ethernet IPs, reporting the number of frames transmitted 
by the MAC. In contrast, the receive (RX) statistics counters track all frames that pass through the MAC, not just those delivered to 
the client. This provides visibility into overall traffic flow, including frames that are dropped, filtered, or not forwarded to the AXIS 
interface. 

Table 5.22. Summary of Statistics Counters 

Offset Register Name Access Description 

0x044 TX_STAT_PKT_LNGTH_0 RO 
Transmit Packet Length Statistics Counter. 

Indicates the total number of octets transmitted in a 
particular frame. tx_statvec_o[13:0] is used to 
implement this counter. 

0x048 TX_STAT_PKT_LNGTH_1 RO 

0x04C TX_STAT_ERR_0 RO Transmit TX Error Statistics Counter. 

Counts the total number of PHY terminated packet. The 
tx_statvec_o[24] is used to implement this counter. 0x050 TX_STAT_ERR_1 RO 

0x054 TX_STAT_UNDER_RUN_0 RO 
Transmit Underrun Error Statistics Counter. 

Counts the total number of underrun packets 
transmitted. tx_statvec_o[21] is used to implement this 
counter. 

0x058 TX_STAT_UNDER_RUN_1  RO 

0x05C TX_STAT_CRC_ERR_0  RO 
Transmit CRC Error Statistics Counter.  

Counts the total number of packets transmitted with 
CRC error. tx_statvec_o[22] is used to implement this 
counter. 

0x060 TX_STAT_CRC_ERR_1  RO 

0x064 TX_STAT_LNGTH_ERR_0 RO 
Transmit Length Error Statistics Counter.  

Counts the total number of packets transmitted with 
length of the packet and length in the Length/Type field 
mismatch. tx_statvec_o[23] is used to implement this 
counter. 

0x068 TX_STAT_LNGTH_ERR_1 RO 

0x06C TX_STAT_LNG_PKT_0 RO Transmit Long Packet Statistics Counter.  

Counts the total number of packets transmitted with 
length of the packet longer than the max_frm_size. 
tx_statvec_o[25] is used to implement this counter. 0x070 TX_STAT_LNG_PKT_1 RO 

0x074 TX_STAT_MULTCST_0 RO Transmit Multicast Packet Statistics Counter. Counts the 
total number of multicast packets transmitted. 
tx_statvec_o[20] is used to implement this counter. 0x078 TX_STAT_MULTCST_1 RO 

0x07C TX_STAT_BRDCST_0  RO Transmit Broadcast Packet Statistics Counter. Counts 
the total number of broadcast packets transmitted. 
tx_statvec_o[19] is used to implement this counter. 0x080 TX_STAT_BRDCST_1 RO 

0x084 TX_STAT_CNT_0 RO Transmit Control Packet Statistics Counter. Counts the 
total number of control packets (pause frame) 
transmitted by the AXI4-Stream interface. 
tx_statvec_o[16] is used to implement this counter. 0x088 TX_STAT_CNT_1 RO 

0x08C TX_STAT_JMBO_0 RO Transmit Jumbo Packet Statistics Counter. Counts the 
total number of jumbo packets transmitted. 
tx_statvec_o[17] is used to implement this counter. 0x090 TX_STAT_JMBO_1 RO 

0x094 TX_STAT_PAUSE_0  RO 
Transmit Pause Packet Statistics Counter.  

Counts the total number of pause packets inserted by 
the MAC core (enabled through MAC_CTL register or by 
TX Pause Frame Generation through IP top port). 
tx_statvec_o[15] is used to implement this counter. 

0x098 TX_STAT_PAUSE_1 RO 
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Offset Register Name Access Description 

0x09C TX_STAT_VLN_TG_0  RO Transmit VLAN Tag Statistics Counter.  

Counts the total number of tagged packets transmitted. 
tx_statvec_o[18] is used to implement this counter. 0x0A0 TX_STAT_VLN_TG_1 RO 

0x0A4 TX_STAT_PKT_OK_0 RO 
Transmit Packet OK Statistics Counter.  

Counts the total number of packets transmitted without 
any errors. tx_statvec_o[14] is used to implement this 
counter. 

0x0A8 TX_STAT_PKT_OK_1 RO 

0x0AC TX_STAT_PKT_64_0  RO Transmit Packet 64 Statistics Counter.  

Counts the total number of packets transmitted with 
length equal to 64. 0x0B0 TX_STAT_PKT_64_1 RO 

0x0B4 TX_STAT_PKT_65_127_0 RO Transmit Packet 65 - 127 Statistics Counter. Counts the 
total number of packets transmitted with lengths 
between 65 and 127. 0x0B8 TX_STAT_PKT_65_127_1 RO 

0x0BC TX_STAT_PKT_128_255_0  RO Transmit Packet 128-255 Statistics Counter. Counts the 
total number of packets transmitted with lengths 
between 128 and 255. 0x0C0 TX_STAT_PKT_128_255_1 RO 

0x0C4 TX_STAT_PKT_256_511_0  RO Transmit Packet 256-511 Statistics Counter. Counts the 
total number of packets transmitted with lengths 
between 256 and 511. 0x0C8 TX_STAT_PKT_256_511_1 RO 

0x0CC TX_STAT_PKT_512_1023_0 RO Transmit Packet 512-1023 Statistics Counter. Counts the 
total number of packets transmitted with lengths 
between 512 and 1,023. 0x0D0 TX_STAT_PKT_512_1023_1 RO 

0x0D4 TX_STAT_PKT_1024_1518_0 RO Transmit Packet 1024-1518 Statistics Counter. Counts 
the total number of packets transmitted with lengths 
between 1,024 and 1,518. 0x0D8 TX_STAT_PKT_1024_1518_1 RO 

0x0DC TX_STAT_PKT_1518_0 RO Transmit Packet 1518 Statistics Counter.  

Counts the total number of packets transmitted with 
length greater than 1,518. 0x0E0 TX_STAT_PKT_1518_1 RO 

0x0E4 TX_STAT_FRM_ERR_0 RO 
Transmit Frame Error Statistics Counter.  

Counts the total number of packets transmitted with 
error. tx_statvec_o[14] is used to implement this 
counter. 

0x0E8 TX_STAT_FRM_ERR_1 RO 

0x0EC TX_STAT_PKT_1519_2047_0 RO Transmit Packet 1519-2047 Statistics Counter. Counts 
the total number of packets transmitted with lengths 
between 1,519 and 2,047. 0x0F0 TX_STAT_PKT_1519_2047_1 RO 

0x0F4 TX_STAT_PKT_2048_4095_0  RO Transmit Packet 2048-4095 Statistics Counter. Counts 
the total number of packets transmitted with lengths 
between 2,048 and 4,095. 0x0F8 TX_STAT_PKT_2048_4095_1 RO 

0x0FC TX_STAT_PKT_4096_9216_0 RO Transmit Packet 4096-9216 Statistics Counter. Counts 
the total number of packets transmitted with lengths 
between 4,096 and 9,216.   0x100 TX_STAT_PKT_4096_9216_1 RO 
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Offset Register Name Access Description 

0x104 TX_STAT_PKT_9217_16383_0 RO Transmit Packet 9217-16383 Statistics Counter. Counts 
the total number of packets transmitted with lengths 
between 9,217 and 16,383. 0x108 TX_STAT_PKT_9217_16383_1 RO 

0x10C RX_STAT_PKT_LNGTH_0  RO Receive Packet Length Statistics Counter. Indicates the 
length of the packet received. rx_statvec_o[13:0] is 
used to implement this counter. 0x110 RX_STAT_PKT_LNGTH_1 RO 

0x114 RX_STAT_VLN_TG_0 RO Receive VLAN Tag Statistics Counter.  

Counts the total number of tagged packets received. 
rx_statvec_o[18] is used to implement this counter. 0x118 RX_STAT_VLN_TG_1 RO 

0x11C RX_STAT_PAUSE_0 RO Receive Pause Packet Statistics Counter.  

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

0x124 RX_STAT_FLT_0  RO 
Receive Filtered Packet Statistics Counter. 
rx_statvec_o[22] is used to implement this counter. 

0x128 RX_STAT_FLT_1 RO 

0x12C RX_STAT_UNSP_OPCODE_0 RO Receive Unsupported Opcode Statistics Counter. Counts 
the number of packets received with unsupported 
Opcode. rx_statvec_o[23] is used to implement this 
counter.  0x130 RX_STAT_UNSP_OPCODE_1 RO 

0x134 RX_STAT_BRDCST_0 RO 
Receive Broadcast Packet Statistics Counter. Counts the 
number of packets received that were directed to the 
broadcast address. This does not include multicast 
packets. rx_statvec_o[15] is used to implement this 
counter. 

0x138 RX_STAT_BRDCST_1 RO 

0x13C RX_STAT_MULTCST_0 RO 
Receive Multicast Packet Statistics Counter. Counts the 
number of packets received that were directed to the 
multicast address. This does not include broadcast 
packets. rx_statvec_o[16] is used to implement this 
counter. 

0x140 RX_STAT_MULTCST_1 RO 

0x144 RX_STAT_LNGTH_ERR_0 RO 
Receive Length Error Statistics Counter.  

Counts the total number of packets received with 
length of the packet and length in the Length/Type field 
mismatch. rx_statvec_o[20] is used to implement this 
counter. 

0x148 RX_STAT_LNGTH_ERR_1 RO 

0x14C RX_STAT_LNG_PKT_0 RO 
Receive Long Packet Statistics Counter.  

Counts the number of packets received longer than the 
max_pkt_len. rx_statvec_o[21] is used to implement 
this counter. 

0x150 RX_STAT_LNG_PKT_1 RO 

0x154 RX_STAT_CRC_ERR_0 RO Receive CRC Error Statistics Counter.  

Counts the number of packets received with CRC error. 
rx_statvec_o[17] is used to implement this counter. 0x158 RX_STAT_CRC_ERR_1 RO 

0x15C RX_STAT_PKT_DISCARD_0 RO 
Receive Packet Discard Statistics Counter.  

Counts the number of packets discarded at the receive 
end. rx_statvec_o[14] is used to implement this 
counter. 

0x160 RX_STAT_PKT_DISCARD_1 RO 

0x164 RX_STAT_PKT_IGNORE_0 RO 
Receive Packet Ignored Statistics Counter. Counts the 
number of packets ignored when you request using the 
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Offset Register Name Access Description 

0x168 RX_STAT_PKT_IGNORE_1 RO 
ignore_pkt. rx_statvec_o[25] is used to implement this 
counter. 

0x16C RX_STAT_PKT_FRAGMENTS_0 RO 
Receive Packet Fragments Statistics Counter. Counts the 
number of packets received with less than 64 octets in 
length and have either an FCS error or a termination 
error. rx_statvec_o[13:6] along with rx_statvec[17] are 
used to implement this counter. 

0x170 RX_STAT_PKT_FRAGMENTS_1 RO 

0x174 RX_STAT_PKT_JABBERS_0 RO 
Receive Packet Jabbers Statistics Counter. Counts the 
number of packets received with length longer than 
1,518 octets and have either an FCS error or a 
termination error. rx_statvec_o[13:0] along with 
rx_statvec_o[17] are used to implement this counter. 

0x178 RX_STAT_PKT_JABBERS_1 RO 

0x17C RX_STAT_PKT_64_0 RO Receive Packet 64 Statistics Counter. Counts the 
number of packets received that were 64 octets in 
length (including bad packets). rx_statvec_o[13:0] is 
used to implement this counter. 0x180 RX_STAT_PKT_64_1 RO 

0x184 RX_STAT_PKT_65_127_0 RO Receive Packet 65-127 Statistics Counter. Counts the 
number of packets received that were between 65-127 
octets in length (including bad packets). 0x188 RX_STAT_PKT_65_127_1 RO 

0x18C RX_STAT_PKT_128_255_0 RO Receive Packet 128-255 Statistics Counter. Counts the 
number of packets received that were between 128- 
255 octets in length (including bad packets). 0x190 RX_STAT_PKT_128_255_1 RO 

0x194 RX_STAT_PKT_256_511_0 RO Receive Packet 256-511 Statistics Counter. Counts the 
number of packets received that were between 256- 
511 octets in length (including bad packets). 0x198 RX_STAT_PKT_256_511_1 RO 

0x19C RX_STAT_PKT_512_1023_0 RO Receive Packet 512-1023 Statistics Counter. Counts the 
number of packets received that were between 512- 
1,023 octets in length (including bad packets). 0x1A0 RX_STAT_PKT_512_1023_1 RO 

0x1A4 RX_STAT_PKT_1024_1518_0 RO Receive Packet 1024-1518 Statistics Counter. Counts 
the number of packets received that were between 
1,024-1,518 octets in length (including bad packets). 0x1A8 RX_STAT_PKT_1024_1518_1 RO 

0x1AC RX_STAT_PKT_UNDERSIZE_0 RO Receive Packet Undersize Statistics Counter. Counts the 
number of packets received that were less than 64 
octets long and were otherwise well formed. 0x1B0 RX_STAT_PKT_UNDERSIZE_1 RO 

0x1B4 RX_STAT_PKT_UNICAST_0 RO Receive Packet Unicast Statistics Counter.  

Counts the number of good packets received that were 
directed to a single address. 0x1B8 RX_STAT_PKT_UNICAST_1 RO 

0x1BC RX_STAT_PKT_RCVD_0 RO 
Packets Received Statistics Counter.  

Counts the number of packets received (including bad 
packet, broadcast, and multicast packets). 
rx_statvec[15] and rx_statvec_o[16] are used to 
implement this counter. 

0x1C0 RX_STAT_PKT_RCVD_1 RO 

0x1C4 RX_STAT_PKT_64_GOOD_CRC_0 RO 
Receive Packet 64 with Good CRC Statistics Counter.  

Counts the number of packets received with length less 
than 64 and with a good CRC. rx_statvec_o[13:6] and 
rx_statvec_o[17] are used to implement this counter. 

0x1C8 RX_STAT_PKT_64_GOOD_CRC_1 RO 
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Offset Register Name Access Description 

0x1CC RX_STAT_PKT_1518_GOOD_CRC_0  RO 
Receive Packet 1518 with Good CRC Statistics Counter.  

Counts the number of packets received with length 
more than 1,518 and with a good CRC. 
rx_statvec_o[13:0] and rx_statvec_o[17] are used to 
implement this counter. 

0x1D0 RX_STAT_PKT_1518_GOOD_CRC_1 RO 

0x1D4 RX_STAT_PKT_1519_2047_0 RO Receive Packet 1519-2047 Statistics Counter. Counts 
the number of packets received that were between 
1,519 - 2,047 octets in length (including bad packets). 0x1D8 RX_STAT_PKT_1519_2047_1 RO 

0x1DC RX_STAT_PKT_2048_4095_0 RO Receive Packet 2048-4095 Statistics Counter. Counts 
the number of packets received that were between 
2,048 – 4,095 octets in length (including bad packets). 0x1E0 RX_STAT_PKT_2048_4095_1 RO 

0x1E4 RX_STAT_PKT_4096_9216_0 RO Receive Packet 4096-9216 Statistics Counter. Counts 
the number of packets received that were between 
4,096 – 9,216 octets in length (including bad packets). 0x1E8 RX_STAT_PKT_4096_9216_1 RO 

0x1EC RX_STAT_PKT_9217_16383_0 RO Receive Packet 9217-16383 Statistics Counter. Counts 
the number of packets received that were between 
9,217 – 16,383 octets in length (including bad packets). 0x1F0 RX_STAT_PKT_9217_16383_1 RO 

0X204 TX_STAT_PTP1588_PKT_0 RO Transmit PTP1588 Statistics Counter. Counts the 
number of PTP1588 packets transmitted. The 
tx_statvec_o[26] is used to implement this counter. 0x208 TX_STAT_PTP1588_PKT_1 RO 

0x20C RX_STAT_PTP1588_PKT_0 RO Receive PTP1588 Statistics Counter. Counts the number 
of PTP1588 packets received. The rx_statvec_o[26] is 
used to implement this counter. 0x210 RX_STAT_PTP1588_PKT_1 RO 

0x21C RX_STAT_LINK_OK RO Receive link_ok Statistics Counter. Counts the number 
of link_ok bit received. 
 

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

0x224 TX_STAT_PKT_LNGTH_ACCU_0   RO Transmit Accumulation Byte Statistics Counter.  Count 
and accumulate the total packet length that will receive 
from AXIS interface and transmits to XGMII interface. 
The counter will roll over to 0 if full.    

0x228 TX_STAT_PKT_LNGTH_ACCU_1  RO 

0x22C RX_STAT_PKT_LNGTH_ACCU_0   

 

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

0x230 RX_STAT_PKT_LNGTH_ACCU_1  RO 

 

5.3. ANLT Registers (Avant Devices) 
The table below lists the ANLT configuration registers. These registers are available only when 10GBASE-KR is selected 
and either Auto-Negotiation or Link Training is enabled. If 10GBASE-KR is not selected, these resources are not used. 
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Table 5.23. Configuration Registers for ANLT 

Offset Register Name Access Description 

0x000 SEQ_CONTROL RW  Sequencer Control Register 

0x004 SEQ_STATUS RO Sequencer Status Register 

0x100 AN_CONTROL_1 RW Auto-Negotiation Control Register 

0x104 AN_CONTROL_2 RW Auto-Negotiation Control Register 

0x108 AN_STATUS_1 RO Auto-Negotiation Status Register 

0x10C AN_STATUS_2 RO Auto-Negotiation Status Register 

0x110 AN_TIMER_1 RW Auto-Negotiation Break Link Timer Register 

0x114 AN_TIMER_2 RW Auto-Negotiation Fail Inhibit Timer Register 

0x118 AN_TIMER_3 RW Auto-Negotiation Page Timer Register 

0x11C AN_ADV_ABILITY_LOW RW Local Device Auto-Negotiation Advertise Register 

0x120 AN_ADV_ABILITY_HI RW Local Device Auto-Negotiation Advertise Register 

0x124 LP_AN_ADV_ABILITY_LOW RO Link Partner Auto-Negotiation Advertise Register 

0x128 LP_AN_ADV_ABILITY_HI RO Link Partner Auto-Negotiation Advertise Register 

0x12C AN_NEXT_PAGE_LOW RW Local Device Auto-Negotiation Next Page Register 

0x130 AN_NEXT_PAGE_HI RW Local Device Auto-Negotiation Next Page Register 

0x134 LP_AN_NEXT_PAGE_LOW RO Link Partner Auto-Negotiation Next Page Register 

0x138 LP_AN_NEXT_PAGE_HI RO Link Partner Auto-Negotiation Next Page Register 

0x200 LT_CONTROL_1 RW Link Training Control Register 

0x204 LT_CONTROL_2 RW Link Training Control Register 

0x208 LT_TIMER_1 RW Link Training Wait Timer Register 

0x20C LT_TIMER_2 RW Link Training Max Wait Timer Register 

0x210 LT_STATUS_1 RO Link Training Status Register 

0x214 LT_STATUS_2 RO Link Training Status Register 

0x218 LT_CTRL_CHAN RO 
Local Device Link Training Coeff Status and Update 
Register 

0x21C LP_LT_CTRL_CHAN RO 
Link Partner Link Training Coeff Status and Update 
Register 

0x220 LT_CTRL_CHAN_OVERRIDE RW Local Device Link Training Coeff Override Register 

0x224 LP_LT_CTRL_CHAN_OVERRIDE RW Link Partner Link Training Coeff Override Register 

 

5.3.1. SEQ_CONTROL 

This register is used for Sequencer control. 

Table 5.24. SEQ_CONTROL Register 

Bit Index Bit Name Description Type Default 

31:2 Reserved Reserved bits. — — 

-1 fec-en 0 - FEC disabled for local device. 

1 - FEC enabled for local device. 

 

Setting 1 to this register will force the local device to operate 
in FEC mode when an_enable is set to 0.   

Reconfiguring this register must be performed together with 
a seq_reset. 

R/W Default 
value is 
per your 
FEC 
parameter 
in the 
GUI. 

0 seq_reset 0 - Normal operation 

1 - Sequencer reset 

This register is R/W (self-clearing). 

R/W 
(self-

clearing) 

0 
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5.3.2. SEQ_STATUS 

This register is used for Sequencer FSM state and done status. 

Table 5.25. SEQ_STATUS Register 

Bit Index Bit Name Description Type Default 

[31:5] Reserved Reserved bits — — 

[4:1] seq_state[3:0] To indicate the current state of sequencer. 
RESET                         = 4'b0000, 

DR_ANY_TO_AN      = 4'b0001, 

IDLE                            = 4'b0010, 

AN_RESTART            = 4'b0011, 

AN_IN_PROGRESS   = 4'b0100, 

DR_AN_TO_LT         = 4'b0101, 

LT_RESTART             = 4'b0110, 

LT_IN_PROGRESS    = 4'b0111, 

DR_LT_TO_AN          = 4'b1000, 

DR_LT_TO_FUNC     = 4'b1001, 

DR_FUNC_TO_AN    = 4'b1010, 

DR_FUNC_TO_LT     = 4'b1011, 

DR_AN_TO_FUNC    = 4'b1100, 

WAIT_LINK_UP         = 4'b1101, 

DONE                          = 4'b1110 

RO  — 

 

0 seq_done 0 - AN and LT sequence is not complete. 
1 - AN and LT sequence is complete. 

RO  — 

 

 

5.3.3. AN_CONTROL_1 

This register is used for Auto-Negotiation configuration. 

Table 5.26. AN_CONTROL_1 Register 

Bit Index Bit Name Description Type Default 

[31:9] Reserved Reserved bits. — 0 

8 an_bypass_inhibit_timer 0 - No bypass of inhibit timer check. 
1- Bypass of inhibit timer check. Used for debug 
purposes. 

 

Configuring this register must be followed by 
an_restart. 

R/W 0 

7 an_override_transmit_nonce 0 - Transmitted local device nonce is from auto 
negotiation state machine. 
1- Transmitted local device nonce is from 
an_adv_ability register. Used for debug purposes. 

 

Configuring this register must be followed by 
an_restart. 

R/W 0 

6 an_override_acknowledge 0 - Transmitted acknowledge is from auto-negotiation 
state machine. 
1- Transmitted acknowledge is from an_adv_ability 
register. Used for debug purposes. 

 

Configuring this register must be followed by 
an_restart. 

R/W 0 

5 an_override_echoed_nonce 0 - Transmitted echoed nonce is from auto-negotiation 
state machine. 
1- Transmitted echoed nonce is from an_adv_ability 

R/W 0 
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Bit Index Bit Name Description Type Default 

register. Used for debug purposes. 

 

Configuring this register must be followed by 
an_restart. 

4 an_bypass_nonce_chk 0 - Normal operation. 
1 - Received link partner nonce checking is bypass. 
Used for debug purposes. 
 
Set to 1 for TX to RX loopback operation. 

 

Configuring this register must be followed by 
an_restart. 

R/W Following 
configuration 
in the IP GUI: 
Bypass 
Nonce 
Check. 

3 an_next_page_enable 0 - Local device not able to exchange next page. 
1 - Local device able to exchange next page. 

 

Configuring this register must be followed by 
an_restart. 

R/W Following 
configuration 
in the IP GUI: 
Auto-
Negotiation 
Next Page. 

2 an_restart 0 – Auto-negotiation process is in progress. 
1 - Restart auto-negotiation process. 
 
Refer to Register 7.0.9 in IEEE 802.3 Clause 45.2.7. 

R/W  
(self-
clearing) 

0 

1 an_enable 0 - Disable auto negotiation process. 
1 - Enable auto negotiation process. 
 

Configuring this register needs to be followed by 
seq_reset. 

 
Refer to Register 7.0.12 in IEEE 802.3 Clause 45.2.7.  

R/W Following 
configuration 
in the IP GUI: 
10GBASE-KR 
Auto-
Negotiation. 

0 an_reset 0 - Normal operation. 
1 - AN reset. 
 
Refer to Register 7.0.15 in IEEE 802.3 Clause 45.2.7.  

R/W 
(self-
clearing) 

0 

 

5.3.4. AN_CONTROL_2 

This register is used to configure Next Page during Auto-Negotiation. 

Table 5.27. AN_CONTROL_2 Register 

Bit Index Bit Name Description Type Default 

[31:1] Reserved Reserved bits. — — 

0 an_nxt_page_load 0 - Next page is not loaded. 
1 - Next page is loaded. 

 

Notes: 

1. This register can be set to 1 only after 
an_next_page_low and an_next_page_hi are 
configured. 

2. This register can be set to 1 only when the IEEE Arbiter 
state machine is in the COMPLETE ACKNOWLEDGE 
state, the base page and/or next page from the link 
partner has already been received (indicated by 
assertion of the an_page_rx_o port or the an_page_rx 
register together with the base_page register bit), and 
a next page is ready to be sent from the local device. 

R/W 
(self-
clearing) 

0 
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5.3.5. AN_STATUS_1 

This register is used for Auto-Negotiation status. 

Table 5.28. AN_STATUS_1 Register 

Bit Index Bit Name Description Type Default 

[31:9] Reserved Reserved bits. — — 

8 base_page 0 = When an_page_rx is asserted, next page is being 
received. 

1 = When an_page_rx is asserted, base page is being 
received. 

RO — 

7  

basekr_10g_negotiated 

0 = Local device is not negotiated to perform 10GBASE-KR 
1 = Local device is negotiated to perform 10GBASE-KR 

RO — 

6 link_status 0 - Link fail 
1 - Link is up 
 
Latch when loss link. Clear on read and an_reset. 
 
Refer to Register 7.1.2 in IEEE 802.3 Clause 45.2.7.  

RO — 

5 baser_fec_negotiated 0 = Local device is not negotiated to perform BASE-R FEC. 
1 = Local device is negotiated to perform BASE-R FEC. 

RO — 

4 lp_an_ability 0 - Link partner PHY cannot perform auto negotiation. 
1 - Link PHY can perform auto negotiation. 

RO — 

3 an_ability 0 - Local PHY cannot perform auto negotiation. 
1 - Local PHY can perform auto negotiation. 
 
Automatically set to 1 whenever ANLT parameter is enabled 
in the GUI. 

RO — 

2 an_remote_fault 0 - No remote fault condition is detected. 
1 - Remote fault condition is detected. 
 
Latch when remote fault is detected. Clear when an_reset. 
 
Refer to Register 7.1.4 in IEEE 802.3 Clause 45.2.7.  

RO — 

1 an_complete 0 – Auto-negotiation process is not completed. 
1 – Auto-negotiation process is completed. 
 
Refer to Register 7.1.5 in IEEE 802.3 Clause 45.2.7.  

RO — 

0 an_page_rx 0 - A page has not been received. 
1 - A page has been received. 
 
Latch when a new page is received. Clear on read. 
First assertion indicates that lp_an_adv_ability is valid. 
Subsequenct assertions indicate that lp_an_next_page is 
valid.  
 
Refer to Register 7.1.6 in IEEE 802.3 Clause 45.2.7.  

RO — 

 

Bit Index Bit Name Description Type Default 

3. This register can be set to 1 only once each time after 
an_next_page_low and an_next_page_hi are 
configured. 
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5.3.6. AN_STATUS_2 

This register is used for Auto-Negotiation status. 

Table 5.29. AN_STATUS_2 Register 

Bit Index Bit Name Description Type Default 

[31:2] Reserved Reserved bits. — — 

1 Incompatible_link_err 0 -  No error in the negotiated technology. 
1 – Fail to negotiate to 10GBASE-KR. 
 
Latch when asserted. Clear on read. 

RO — 

0 an_link_fail_inhibit_timeout 0 – Timer has not timeout. 
1 -Timer has timed out. 
 
Latch when asserted. Clear on read. 

RO  — 

 

5.3.7. AN_TIMER_1 

This register is used to configure Auto-Negotiation link timer. 

Table 5.30. AN_TIMER_1 Register 

Bit Index Bit Name Description Type Default 

[31:24] Reserved Reserved bits. — — 

[23:0] an_break_link_timer Break-link timer value in units of the 156.25 MHz clock 
cycle. In simulation, this register must be set to a smaller 
value to speed up simulation time. 
 
Hardware - 24'hA0_EEBB (67.5 ms) 
Simulation - 24'h1E84 (50 µs) (Subject to revision) 

 

Configuration of this register must be followed by assertion 
of an_restart. 

R/W Follows the 
configuration 
in the IP GUI: 
Fast 
Simulation 
Mode 

 

5.3.8. AN_TIMER_2 

This register is used to configure the Auto-Negotiation inhibit timer. 

Table 5.31. AN_TIMER_2 Register 

Bit Index Bit Name Description Type Default 

[31:28] Reserved Reserved bits. — — 

[27:0] an_link_fail_inhibit_timer The link‑status checking timer value is specified in units of 
the 156.25 MHz clock cycle. In simulation, this register 
should be set to a smaller value to speed up simulation. 
 
Hardware - 28'h4BF_EF4C (510 ms) 
Simulation - 28'h4_C4B4 (2 ms) (Subject to revision). Need 
to cater for LT and DR time. 

 

Configuration of this register must be followed by assertion 
of an_restart. 

R/W Follows the 
configuration 
in the IP GUI:  
Fast 
Simulation 
Mode 
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5.3.9. AN_TIMER_3 

This register is used to configure the Auto-Negotiation page timer. 

Table 5.32. AN_TIMER_3 Register 

Bit Index Bit Name Description Type Default 

[31:26] Reserved Reserved bits. — — 

[25:13] an_page_max_timer This timer specifies the maximum allowed time between 
detections of Manchester violation delimiters and is 
counted in units of UI. Each UI is 97 (or 9.69) ps. 

Configuration of this register must be followed by assertion 
of an_restart. 

R/W 13'hE18  
(350ns) 

[12:0] an_page_min_timer This timer specifies the minimum allowed time between 

detections of Manchester violation delimiters and is 

counted in units of UI. 

Configuration of this register must be followed by assertion 
of an_restart. 

R/W 13'hD4A  
(330ns) 
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5.3.10. AN_ADV_ABILITY_LOW 

This register is used to configure the local device ability. 

Table 5.33. AN_ADV_ABILITY_LOW Register 

Bit Index Bit Name Description Type Default 

[31:21] Reserved Reserved bits. — — 

[20:16] transmit_nonce Local device nonce field to be transmitted to the link 
partner. 
The value from this field will only be transmitted if override 
bit is set. 
 
Refer to IEEE 802.3 Clause 73.6.3. 

R/W 0 

[15] next_page Set to 1 to indicate there is a next page to be sent. 

Refer to IEEE 802.3 Clause 73.6.9. 

 

Note: This register must be configured to 0 if 
an_next_page_enable register is configured to 0. 

 

Configuration of this register must be followed by assertion 
of an_restart. 

R/W Follows the 
configuration 
in the IP GUI:  
Auto 
Negotiation 
Next Page 

[14] acknowledge To indicate to link partner that the local device has 
successfully received the link partner link codeword. 
The value from this field will only be transmitted if override 
bit is set. 
 
Refer to IEEE 802.3 Clause 73.6.8. 

R/W 0 

[13] remote_fault Remote fault from the local device. 
Refer to CL 73.6.7 

R/W 0 

[12] Reserved Reserved bit for pause_ability[2]. R/W 0 

[11:10] pause_ability[1:0] Pause ability. 
Refer to IEEE 802.3 Clause 73.6.6. 

 

Configuration of this register must be followed by assertion 
of an_restart.  

R/W Following 
configuration 
in the IP GUI: 
Pause Ability 

[9:5] echoed_nonce[4:0] Nonce field received from the link partner. 
The value from this field will only be transmitted if override 
bit is set. 
Refer to IEEE 802.3 Clause 73.6.2. 

 

R/W 0 

[4:0] selector[4:0] Five-bit wide field, encoding 32 possible messages. 

Refer to IEEE 802.3 Clause 73.6. 

 

Configuration of this register must be followed by assertion 
of an_restart.  

R/W 0x1 
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5.3.11. AN_ADV_ABILITY_HI 

This register is used to configure the local device ability. 

Table 5.34. AN_ADV_ABILITY_HI Register 

Bit Index Bit Name Description Type Default 

[31:27] Reserved Reserved bits. — — 

[26:23] fec_capability Refer to IEEE 802.3 Clause 73.6.5. Write an_adv_ability_low 
first. 

 

Configuration of this register must be followed by assertion 
of an_restart. 

R/W Follows the 
configuration 
in the IP GUI:  
FEC Mode 

[22:0] technology_ability Refer to IEEE 802.3 Clause 73.6.4. Write an_adv_ability_low 
first. 

 

Because this IP supports only 10GBASE-KR, configuring this 
register to a value other than 0x4 may cause auto-
negotiation to fail when the negotiated technology is not 
10GBASE-KR. 

 

Configuration of this register must be followed by assertion 
of an_restart. 

R/W 0x4 

 

5.3.12. LP_AN_ADV_ABILITY_LOW 

This register is used for link partner device ability. 

Table 5.35. LP_AN_ADV_ABILITY_LOW Register 

Bit Index Bit Name Description Type Default 

[31:21] Reserved Reserved bits. — — 

[20:0] Same as 
an_adv_ability_low 

This register reflects the ability advertised by the link 
partner in the base page. Refer to the description of 
an_adv_ability_low for details. The value in this register is 
valid only after an_page_rx is asserted for the first time. 
Read lp_an_adv_ability_low first. 

RO  — 

 

5.3.13. LP_AN_ADV_ABILITY_HI 

This register is used for link partner device ability. 

Table 5.36. LP_AN_ADV_ABILITY_HI Register 

Bit Index Bit Name Description Type Default 

[31:27] Reserved Reserved bits. — — 

[26:0] Same as 
an_adv_ability_low 

This register reflects the ability advertised by the link 
partner in the base page. Refer to the description of 
an_adv_ability_hi for details. The value in this register is 
valid only after an_page_rx is asserted for the first time. 
Read lp_an_adv_ability_hi first. 

RO  — 
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5.3.14. AN_NEXT_PAGE_LOW 

This register is used to configure next page during Auto-Negotiation. 

Table 5.37. AN_NEXT_PAGE_LOW Register 

Bit Index Bit Name Description Type Default 

[31:21] Reserved Reserved bits. — — 

[20:0] As defined in IEEE 802.3 
Clause 73.7.7.1. 

This register contains the next￼page content to be 
transmitted by the local device, as defined in IEEE 802.3 
standard Clause 73.7.7.1. Write an_next_page_low first. 

ACK and Toggle bits will be driven by internal FSM while 
ACK2 bit configured by the user in this register will be 
transmitted as part of Next Page content. 

Note: This register can be configured only when the IEEE 
Arbiter state machine is in the COMPLETE ACKNOWLEDGE 
state. This condition is indicated by assertion of the 
an_page_rx_o port or the an_page_rx register. 

R/W 0 

 

5.3.15. AN_NEXT_PAGE_HI 

This register is used to store next-page content during Auto-Negotiation. 

Table 5.38. AN_NEXT_PAGE_HI Register 

Bit Index Bit Name Description Type Default 

[31:27] Reserved Reserved bits. — — 

[26:0] As defined in IEEE 802.3 
Clause 73.7.7.1. 

This register contains the next‑page content to be 
transmitted by the local device, as defined in IEEE 802.3 
standard Clause 73.7.7.1. Write an_next_page_low first. 

Note: This register can be configured only when the IEEE 
Arbiter state machine is in the COMPLETE ACKNOWLEDGE 
state. This condition is indicated by assertion of the 
an_page_rx_o port or the an_page_rx register. 

R/W 0 

 

5.3.16. LP_AN_NEXT_PAGE_LOW 

This register is used to store link partner next-page content during Auto-Negotiation. 

Table 5.39. LP_AN_NEXT_PAGE_LOW Register 

Bit Index Bit Name Description Type Default 

[31:21] Reserved Reserved bits. — — 

[20:0] As defined in CL 
73.7.7.1 

This register contains the next‑page content received from 
the link partner, as defined in IEEE 802.3 Clause 73.7.7.1. 
The value in this register is valid starting from the second 
assertion of an_page_rx. Read lp_an_next_page_low first. 

RO  — 
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5.3.17. LP_AN_NEXT_PAGE_HI 

This register is used to store link partner next-page content during Auto-Negotiation. 

Table 5.40. LP_AN_NEXT_PAGE_HI Register 

Bit Index Bit Name Description Type Default 

[31:27] Reserved Reserved bits. — — 

[26:0] As defined in CL 
73.7.7.1 

This register contains the next‑page content received from 
the link partner, as defined in IEEE 802.3 Clause 73.7.7.1. 
The value in this register is valid starting from the second 
assertion of an_page_rx. Read lp_an_next_page_low first. 

RO  — 
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5.3.18. LT_CONTROL_1 

This register is used to configure local device link training. 

Table 5.41. LT_CONTROL_1 Register 

Bit Index Bit Name Description Type Default 

[31:8] Reserved Reserved bits. — — 

7 lt_bypass_txeq_update 0 — No bypass of txeq update from the state 
machine. 
1—TX EQ update is bypassed. TXEQ update values 
from the state machine do not take effect. This 
option is intended for debugging purposes, where 
you can manually control the TXEQ settings. 

 

Configuration of this register must be followed by 
assertion of lt_restart. 

R/W 0 

6 lt_bypass_maxtimer 0—No bypass of max timer check. 
1—Maximum timer check is bypassed. This option 
is intended for debugging purposes. 

R/W 0 

5 lt_override_receive_status_report 0 — No override; the receive status report is 
sourced from the Frame Lock state machine. 

1 — Overrides the receive status report with user-
specified coefficients, in 
LP_LT_CTRL_CHAN_OVERRIDE. This option is 
intended for debugging purposes. 

Configuration of this register must be followed by 
assertion of lt_restart. 

R/W 0 

4 lt_override_receive_coeff_update 0 — No override; the receive coefficient is sourced 
from the Frame Lock state machine. 

1 — Overrides the receive coefficient with a user-
specified coefficients, in 
LP_LT_CTRL_CHAN_OVERRIDE. This option is 
intended for debugging purposes. 

Configuration of this register must be followed by 
assertion of lt_restart. 

R/W 0 

3 lt_override_transmit_status_report 0 — No override; the transmit status report is 
sourced from the Frame Lock state machine. 

1 — Overrides the transmit status report with 
user-specified coefficients, in 
LT_CTRL_CHAN_OVERRIDE. This option is 
intended for debugging purposes. 

Configuration of this register must be followed by 
assertion of lt_restart. 

R/W 0 

2 lt_override_transmit_coeff_update 0 — No override; the transmit coefficient is 
sourced from the Frame Lock state machine. 

1 — Overrides the transmit coefficient with a user-
specified coefficients, in 
LT_CTRL_CHAN_OVERRIDE. This option is 
intended for debugging purposes. 

Configuration of this register must be followed by 
assertion of lt_restart. 

R/W 0 

1 lt_restart 0 — Normal operation. 
1 — Restart BASE-R start-up protocol. 

 

Note: If an_enable = 0, issue lt_restart manually in 
the scenario of hotplug and CDR loses lock. 

R/W 
(self-
clearing) 

0 
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Bit Index Bit Name Description Type Default 

0 lt_enable 0 — Disable the BASE-R link training start-up 
protocol. 
1 — Enable the BASE-R link training start-up 
protocol. 

Configuration of this register must be followed by 
assertion of seq_reset. 

R/W Follows the 
configuration 
in the IP GUI: 
10GBASE-KR 
Link Training 

 

5.3.19. LT_CONTROL_2 

This register is used to configure local device link training. 

Table 5.42. LT_CONTROL_2 Register 

Bit Index Bit Name Description Type Default 

[31:13] Reserved Reserved bits. — — 

[12:1] lt_ber_limit[11:0] When lt_prbs_check is enabled, this register sets the 
threshold of permissible PRBS bit error out of 4,096 bits to 
declare PRBS pass. 

 

Configuration of this register must be followed by assertion 
of lt_restart. 

 

R/W 0 

0 lt_prbs_check 0 = Disable PRBS pattern checking. 
1 = Enable PRBS pattern checking. 

 

Configuration of this register must be followed by assertion 
of lt_restart. 

R/W Follows the 
configuration 
in the IP GUI:  
10GBASE-KR 
PRBS 
Checker. 

 

5.3.20. LT_TIMER_1 

This register is used to configure the minimum time for link training, by defining the number of continuous valid frames 
required to achieve link ready. 

Table 5.43. LT_TIMER_1 Register 

Bit Index Bit Name Description Type Default 

[31:9] Reserved Reserved bits. — — 

[8:0] lt_wait_timer The local device will deliver wait_timer additional training 
frames. This field defines the minimum Link Training frames 
that must continue transmitting before it goes to link ready 
state. 

In simulation, this register must be set to a smaller value to 
reduce the simulation time. The hardware value must be 
between 100 and 300 LT frames. 
 
Hardware - 100 LT frames 
Simulation - 10 LT frames 

 

Configuration of this register must be followed by assertion 
of lt_restart. 

R/W Follows the 
configuration 
in the IP GUI:  
Fast 
Simulation 
Mode 
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5.3.21. LT_TIMER_2 

This register configures the maximum duration of link training before a failure is reported.  

Table 5.44. LT_TIMER_2 Register 

Bit Index Bit Name Description Type Default 

[31:28] Reserved Reserved bits. — — 

[27:0] lt_max_wait_timer This register defines the wait timer for the local and remote 
devices to complete link training. If link training is not 
completed before the timer expires, the training_failure 
status register is asserted. 

In simulation, this register should be set to a smaller value 
to reduce simulation time. 

Hardware: 28'h4A8_17C8 (500 ms) 

Simulation: 28'h2_625A (1 ms) (subject to revision) 

Configuration of this register must be followed by assertion 
of lt_restart. 

R/W Follows the 
configuration 
in the IP GUI:  
Fast 
Simulation 
Mode. 

 

5.3.22. LT_STATUS_1 

This register is used for link training status. 

Table 5.45. LT_STATUS_1 Register 

Bit Index Bit Name Description Type Default 

[31:7] Reserved Reserved bits. — — 

6 lt_signal_detect 0 = Local device has not successfully completed link training. 
1 = Local device has successfully completed link training. 
 
When this register is set, the link training is complete and it 
enters send data state. 

When lt_enable is set to 0, this bit will be asserted directly 
without link training process. 

RO — 

5 lp_lt_frame_rdy 0 = Local device has no receive LT frame. 
1 = Local device has received a LT frame. 
 
Clear on read. When this register is set, the content in 
lp_lt_ctrl_chan is updated and valid. 

RO — 

4 lt_frame_rdy 0 = Local device has no LT frame ready to send. 
1 = Local device has a LT frame ready to send. 
 
Clear on read. When this register is set, the content in 
lt_ctrl_chan is updated and valid. 

RO — 

3 training_failure 0 = Training failure has not been detected. 
1 = Training failure has been detected. 

RO — 

2 training 0 = Start-up protocol complete. 
1 = Start-up protocol in progress. 

RO — 

1 frame_lock 0 = Training frame delineation not detected. 
1 = Training frame delineation detected. 

RO — 

0 rx_trained 0 = Receiver under training. 
1 = Receiver trained and ready to receive data. 

RO — 
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5.3.23. LT_STATUS_2 

This register is used for link training status. 

Table 5.46. LT_STATUS_2 Register 

Bit Index Bit Name Description Type Default 

[31:6] Reserved Reserved bits. — — 

5 coeff_min_pre 0 = Requested coeff update does not cause an underflow of 
pre-tap eq setting. 
1 =  Requested coeff update will cause an underflow of pre-
tap eq setting. Therefore, the update will not occur.  
 
Clear on read. 

RO — 

4 coeff_max_pre 0 = Requested coeff update does not cause an overflow of 
pre-tap eq setting. 
1 =  Requested coeff update will cause an overflow of pre-
tap eq setting. Therefore, the update will not occur. 
 
Clear on read. 

RO — 

3 coeff_min_post 0 = Requested coeff update does not cause an underflow of 
post-tap eq setting. 
1 =  Requested coeff update will cause an underflow of 
post-tap eq setting. Therefore, the update will not occur. 
 
Clear on read. 

RO — 

2 coeff_max_post 0 = Requested coeff update does not cause an overflow of 
post-tap eq setting. 
1 =  Requested coeff update will cause an overflow of post-
tap eq setting. Therefore, the update will not occur. 
 
Clear on read. 

RO — 

1 coeff_min_main 0 = Requested coeff update does not cause an underflow of 
main tap eq setting. 
1 =  Requested coeff update will cause an underflow of main 
tap eq setting. Therefore, the update will not occur. 
 
Clear on read. 

RO — 

0 coeff_max_main 0 = Requested coeff update does not cause an overflow of 
main tap eq setting. 
1 =  Requested coeff update will cause an overflow of main 
tap eq setting. Therefore, the update will not occur. 
 
Clear on read. 

RO — 

 

5.3.24. LT_CTRL_CHAN 

This register is used for local device link training status report and coefficient update. 

Table 5.47. LT_CTRL_CHAN Register 

Bit Index Bit Name Description Type Default 

[31:16] status_report[15:0] Value of 16 bit status_report transmitted. Refer to IEEE 
802.3 Clause 72.6.10.2.4 - Status report field. 

RO  — 

[15:0] coeff_update[15:0] Value of 16 bit coeff_update transmitted. Refer to IEEE 
802.3 Clause 72.6.10.2.3 - Coefficient update field. 

RO  — 
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5.3.25. LP_LT_CTRL_CHAN 

This register is used for link partner link training status report and coefficient update. 

Table 5.48. LP_LT_CTRL_CHAN Register 

Bit Index Bit Name Description Type Default 

[31:16] status_report[15:0] Value of 16 bit status_report received. Refer to IEEE 802.3 
Clause 72.6.10.2.4 - Status report field. 

RO  — 

[15:0] coeff_update[15:0] Value of 16 bit coeff_update received. Refer to IEEE 802.3 
Clause 72.6.10.2.3 - Coefficient update field. 

RO  — 

 

5.3.26. LT_CTRL_CHAN_OVERRIDE 

This register is used for overriding local device link training status report and coefficient update. 

Table 5.49. LT_CTRL_CHAN_OVERRIDE Register 

Bit Index Bit Name Description Type Default 

[31:16] status_report[15:0] Used to override the content of transmitted status_report 

when lt_override_transmit_status_report is set to 1. Refer 

to IEEE 802.3 Clause 72.6.10.2.4 - Status report field. 

R/W 0 

[15:0] coeff_update[15:0] Used to override the content of transmitted coeff_update 

when lt_override_transmit_coeff_update is set to 1. Refer 

to IEEE 802.3 Clause 72.6.10.2.3 - Coefficient update field. 

R/W 0 

 

5.3.27. LP_LT_CTRL_CHAN_OVERRIDE 

This register is used for overriding link partner link training status report and coefficient update. 

Table 5.50. LP_LT_CTRL_CHAN_OVERRIDE Register 

Bit Index Bit Name Description Type Default 

[31:16] status_report[15:0] Used to override the content of received status_report 
when lt_override_receive_status_report is set to 1. Refer to 
IEEE 802.3 Clause 72.6.10.2.4 - Status report field. 

R/W 0 

[15:0] coeff_update[15:0] Used to override the content of received coeff_update 
when lt_override_receive_coeff_update is set to 1. Refer to 
IEEE 802.3 Clause 72.6.10.2.3 - Coefficient update field. 

R/W 0 

 

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

Table 5.51. Access Types for PHY  

Access Type  Behavior on Read Access  Behavior on Write Access  

RO  Returns register value  Ignores write access.  

WO  Returns 0  Updates register value.  

RW  Returns register value  Updates register value.  

RW1C  Returns register value  Writing 1’b1 on register bit clears the bit to 
1’b0. Writing 1’b0 on register bit is ignored.  
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5.4.1. Configuration Registers for PHY  

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

Table 5.52. Register Address Map for PHY  

AXI4-Lite 
Offset 

APB Offset Register Name 
Bit 

Width 
Description 

PCS Registers 

0xA000 – 
0xA0FC 

0x5000 – 
0x507F 

PCS Module Registers 16 Refer to the Lattice Avant SERDES/PCS User 
Guide  (FPGA-TN-02313). 

 

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

5.5. PHY Registers (CertusPro-NX Devices) 
This section provides detailed descriptions of 10G Ethernet PCS data registers.  

The following register address map specifies the available IP core registers.  

Table 5.53. Register Address Map for PHY (CertusPro-NX Devices) 

APB Offset Register Name Bit Width Description 

0x7A00 – 0x7AFF PMA Registers 16 Refer to the Appendix A section of the  
CertusPro-NX SerDes/PCS User Guide (FPGA-TN-
02245). 

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

 

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

5.6.1. Register Address Mapping 

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

Table 5.54. Register Address Mapping  

Block APB Base Address 

MAC 0x0000 – 0x3FFF 

PHY 0x7A00 onwards 

TSU 0x4000 – 0x4FFF 

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

5.6.2. TSU Configuration Registers 

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

Table 5.55. TSU Configuration Registers 

Offset Register Name Mode Description 

0x000 Debug Register RW Used as a debug register. 

0x004 Version Number Register RO Version number. 

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

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

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

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

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

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

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

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

0x038 MAC Address 0 Register RW This register is used to configure MAC Address Word 0. This 
MAC address is used by TSU to identify the PTP packet. 
MAC_ADDR_0 and MAC_ADDR_1 Register. 

0x03C MAC Address 1 Register RW This register is used to configure MAC Address Word 1. This 
MAC address is used by TSU to identify the PTP packet. 
MAC_ADDR_0 and MAC_ADDR_1 Register. 

0x040 Packet Reset Register RW This register is used to reset  all packet counters. Therefore, 
the following registers are reset: 

• PTP RX Packet Counter Register (0x008) 

• PTP TX Packet Counter Register (0x00C) 

• Non-PTP RX Packet Counter Register (0x010) 

• Non-PTP TX Packet Counter Register (0x014) 

0x044 Timestamp Buffer Register RO This register is used to report the TX/RX timestamp and 

residence buffer status. 

 

Table 5.56. [0x0000] Debug Register 

Field Name Description Access Default 

[31:0] Debug_reg Used for debugging purposes. RW 32'h28101997 

 

Table 5.57. [0x0004] Version Number Register 

Field Name Description Access Default 

[31:0] Version_reg Version number RO 32'h00000001 

 

Table 5.58. [0x0008] PTP RX Packet Counter Register 

Field Name Description Access Default 

[31:0] rx_ptp_packets_count _reg PTP RX Packet Counter—Number of PTP 
packets received. 

RO 32'h0 

 

 

Table 5.59. [0x000C] PTP TX Packet Counter Register 

Field Name Description Access Default 

[31:0] tx_ptp_packets_count _reg PTP TX Packet Counter—Number of PTP 
packets transmitted. 

RO 32'h0 
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Table 5.60. [0x0010] Non-PTP RX Packet Counter Register 

Field Name Description Access Default 

[31:0] rx_non_ptp_packets_count_reg Non-PTP RX Packet Counter—Number of 
non-PTP packets received. 

RO 32'h0 

 

 

Table 5.61. [0x0014] Non-PTP TX Packet Counter  Register 

Field Name Description Access Default 

[31:0] tx_non_ptp_packets_count 
_reg 

 Non-PTP TX Packet Counter—Number of 
non-PTP packets transmitted. 

RO 32'h0 

 

 

Table 5.62. [0x0018] Egress Delay Register 

Field Name Description Access Default 

[31:0] egress_delay_reg Egress Delay—The delay between the 
timestamping point of TX packet parser 
and the TX (out-going) serial pad. For 
more information, refer to the PHY Delay 
Value section. 

RW 32'h0 

 

 

Table 5.63. [0x001C] Ingress Delay Register 

Field Name Description Access Default 

[31:0] ingress_delay_reg Ingress Delay—The delay between the 
timestamping point of RX packet parser 
and the RX (incoming) SFP serial pad. For 
more information, refer to the PHY Delay 
Value section. 

RW 32'h0 

 

 

Table 5.64. [0x002C] RX PTP Timestamp Buffer Register 

Field Name Description Access Default 

[31:0] rx_timestamp_buffer_data_count 
_reg 

Number of PTP packets in RX timestamp 
buffer. 

RO 32'h0 

 

 

Table 5.65. [0x0030] TX PTP Timestamp Buffer Register 

Field Name Description Access Default 

[31:0] tx_timestamp_buffer_data_count 
_reg 

Number of PTP packets in TX timestamp 
buffer. 

RO 32'h0 

 

 

Table 5.66. [0x0038] MAC Address 0 Register 

Field Name Description Access Default 

[31:0] mac_addr_low_reg MAC Address 0. Used by the TSU to 
identify the PTP packet. If the source 
address does not match with the MAC 
address, then it will not be considered as 
a PTP packet and is treated as a normal 
packet. This register has the same 
programming sequence as the 
MAC_ADDR_0(0x014) and 
MAC_ADDR_1(0x018) registers in the 
MAC_ADDR_0 and MAC_ADDR_1 
Register section.  

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

RW 32'h0 
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Field Name Description Access Default 

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

 

Table 5.67. [0x003C] MAC Address 1 Register 

Field Name Description Access Default 

[31:16] Reserved — RO 16’h00 

[15:0] mac_addr_high_reg MAC Address 1. Used by the TSU to 
identify the PTP packet. If the source 
address does not match with the MAC 
address, then it will not be considered as 
a PTP packet and is treated as a normal 
packet. This register has the same 
programming sequence as the 
MAC_ADDR_0(0x014) and 
MAC_ADDR_1(0x018) registers in the 
MAC_ADDR_0 and MAC_ADDR_1 
Register section.  
For example: MAC_ADDR: AC-DE-48-00-
00-80. 
You must assign MAC address 1[15:0] = 
AC-DE. 

RW 16'h0 

 

 

Table 5.68. [0x0040] Packet Reset Register 

Field Name Description Access Default 

[31:1] Reserved — RO 31’h0 

[0] Packet_reset_reg Parser Packet Count Reset. This resets 
both PTP [TX,RX] Packet Counter and 
Non-PTP [TX,RX] Packet Counter. 

0—No reset. 

1—Reset. 

RW 1'b0 

 

 

Table 5.69. [0x0044] Timestamp Buffer Register 

Field Name Description Access Default 

[31:8] Reserved — RO 24’h0 

[7] rx_timestamp_buffer_empty_reg RX timestamp buffer empty status. RO 1'b0 

[6] rx_timestamp_buffer_full_reg RX timestamp buffer full status. RO 1'b0 

[5] rx_residence_buffer_empty_reg RX residence buffer empty status. RO 1'b0 

[4] rx_residence_buffer_full_reg RX residence buffer full status. RO 1'b0 

[3] tx_timestamp_buffer_empty_reg TX timestamp buffer empty status. RO 1'b0 

[2] tx_timestamp_buffer_full_reg TX timestamp buffer full status. RO 1'b0 

[1] tx_residence_buffer_full_reg TX residence buffer full status. RO 1'b0 

[0] tx_residence_buffer_empty_reg TX residence buffer empty status. RO 1'b0 
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6. Example Design 
The following example designs are generated along with the 10G Ethernet MAC IP core in <Component Name>/eval 
folder: 

• Eval example design (CertusPro-NX devices) 

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

• Versa example design (Avant devices and CertusPro-NX devices) 

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

• Avant G/X Versa board  

• CertusPro-NX Versa board 

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

 

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

 

Note: 10GBASE-KR (ANLT) is not currently supported in the hardware example design. 

6.1. Example Design Configuration 
The following table shows the IP configuration for the 10G Ethernet MAC IP example design. 

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

GUI Parameter IP Configuration  

PHY Interface XGMII 

Dynamic Speed Selection Disabled 

Multicast Address Filtering Don’t Care 

Statistics Counters Registers Don’t Care 

Frame Type Don’t Care 

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

• Ethernet packet generator to generate and compare packets 

• Integrated 10G Ethernet MAC with 10G Ethernet PCS and GPLL to demonstrate the expected clocking scheme 

• Loopback transmitted packet at the serial interface 

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

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

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

• 10 Gb Ethernet MAC core 

• 10 Gb Ethernet PCS core 

• GPLL 

• APB driver 

• AXI-Stream driver 

• Data checker 

Testbench

10 Gb Ethernet Subsystem

10G Ethernet
MAC Core

10G Ethernet
PCS Core

(Pre-generated)

GPLL

APB Driver

Data Checker

AXI-Stream Driver XGMII TX

XGMII RX Serial Loopback

TX Clock Output
(322.265625 MHz)

PLL Clock
(156.25 MHz)

~ ~
Reference Clock

(161.1328125 MHz)
APB Clock

(156.25 MHz)

APB Interface

AXI4-Stream Interface

 

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

6.3.1.1. 10G Ethernet MAC Core 

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

6.3.1.2. 10G Ethernet PCS Core 

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

6.3.1.3. GPLL 

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

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

Table 6.2. APB Driver Configuration Registers 

10G Ethernet MAC Register Address Offset 10G Ethernet MAC Register Name Configuration Value 

0x000 MODE 0x3 

0x004 TX_CTL 0x0 

0x008 RX_CTL 0x1 

0x010 IPG_VAL 0x10 

6.3.1.5. AXI-Stream Driver 

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

6.3.1.6. Data Checker 

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

6.3.2. Versa Example Design Components (Avant Devices and CertusPro-NX Devices) 

The 10G Ethernet MAC IP versa example design includes the following blocks: 

• 10 Gb Ethernet MAC + PHY IP core 

• AXI4-Lite module (Avant devices only) 

• APB module (CertusPro-NX devices only) 

• AXI-Stream driver  

• Data checker 

 

10G Ethernet MAC 10G Ethernet PHY

AXI4-Lite Module

AXI-Stream Packet 
Generator

Data Checker

xg_tx_gclk_o
156.25 MHz

Sysbus_clk_i
156.25 MHz

Reference 
Clock

156.25 MHz

10G Ethernet IP Core

Serial 
Interface

XGMII TX

XGMII RX

AXI4-Stream Interface

AXI4-Lite Interface

 

Figure 6.2 10 Gb Ethernet MAC IP Versa Example Design Block Diagram 
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6.3.2.1. 10 Gb Ethernet MAC + PHY IP Core 

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

6.3.2.2. AXI4-Lite Module or APB Module 

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

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

10 Gb Ethernet MAC Register Address Offset 10 Gb Ethernet MAC Register Name Configuration Value 

0x000 MODE 0x3 

0x004 TX_CTL 0x0 

0x008 RX_CTL 0x1 

0x010 IPG_VAL 0x10 

 

6.3.2.3. AXI-Stream Packet Generator 

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

6.3.2.4. Data Checker 

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

6.4.1. Create New Radiant Project 

1. In the Radiant software, go to File → New → Project… or click on the New Project icon. 

 

Figure 6.3. Start Page of the Radiant Software 

2. Enter the project Name and Location, and click Next. 

 

Figure 6.4. Create a New Project 
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Figure 6.5. Add Source to Project 

3. In the Select Device window, follow these steps: 

a. Select LAV-AT (Avant) family →LAV-AT-X70 or G70 device, then click Next.  

 

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

 

Figure 6.7. Select an CPNX Device for the Project 

4. In the Select Synthesis Tool window, click Next.  

 

Figure 6.8. Select a Synthesis Tool 
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5. The Project Information window lists the specifications of the new project. Click Finish.  

 

Figure 6.9. Project Information  

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

 

Figure 6.10. A Radiant Software Project is Created 
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6.4.2. IP Installation and Generation  

7. Go to IP Catalog → IP on Server tab. Under the Connectivity category, right-click on the 10 Gb Ethernet IP  and 

select Download to install the IP. Alternatively, you can click on the  icon to start the IP installation. If you 
already have the 10G Ethernet IP installed, proceed to step 2. 

 

Figure 6.11. IP Catalog 

8. Go to the IP on Local tab. Right-click on the 10 Gb Ethernet IP and select Generate… to launch the IP GUI.  
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Figure 6.12. IP Generation 

9. Enter Component Name and click Next.  

 

Figure 6.13. Generate Component 

10. The following window allows you to change the IP configuration. Set the PCS Lane ID to 24 for Avant-AT-G/X 
devices and set the PCS Lane ID to 6 for CertusPro-NX devices. Apply the default settings for the remaining IP 
configurations, and click Generate. 
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Figure 6.14. Configure Component 

For PHY configuration, verify that the selected PCS Lane ID corresponds to the actual serial connection on board. For 
onboard connectivity details, refer to the CertusPro-NX Versa Board User Guide (FPGA-EB-02053) or Avant-G/X Versa 
Board User Guide (FPGA-EB-02063). 

6.4.3. Importing Example Design Files to a Project 

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

Table 6.4. Comparison of Eval and Versa Example Design Files 

Feature Settings Example Design 

Eval  
(CertusPro-NX Devices) 

Versa  
(Avant Devices) 

Supported variants MAC only 

PHY only 

MAC + PHY* 

MAC + PHY 

Simulation Yes Yes 

Run hardware in development board  No Yes 

*Note: This MAC + PHY is supported through instantiation of MAC only + PHY only. 

 

The following figure shows the files generated under the Eval directory. 

https://www.latticesemi.com/legal
https://www.latticesemi.com/view_document?document_id=53482
https://www.latticesemi.com/view_document?document_id=54169
https://www.latticesemi.com/view_document?document_id=54169


10G Ethernet IP  
User Guide 
 
 

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-IPUG-02245-2.0  120 

 

Figure 6.15. File List in the Eval Directory  

Table 6.5. Description of Generated Files in the Eval Folder 

Files Description 

README.txt Contain instructions to use Eval and Versa example design files of this directory. 

constraint.pdc Post-synthesis constraints for Eval example design. 

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

Included by eval_top.sv and versa_top.sv. 

dut_params.sv Contain IP parameters based on selected configuration of the 10G Ethernet IP. 

Included by tb_top_eval.sv and tb_top_versa.sv. 

Files supported by CertusPro-NX devices: LFCPNX-100 only 

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

ten_gbe_subsys.sv Top-level design file for the Eval example design. 

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

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

tb_top_eval.sv Testbench for the Eval example design. 

Files supported by CertusPro-NX devices only (eval/versa_top/lfcpnx_10g/) 

top.v Top-level design file for hardware example design. 

tb_top.v Top-level simulation file for hardware example design. 

pll_1.v PLL module from foundation IP. 

OSCC.v OSC module from foundation IP. 

pcs_apb_w.v; 
pcs_apb_w_r.v 

APB module for register configuration. 

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

debounce.v Debounce module for hardware mechanical input. 

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

tb_top.do Script to group simulation signals. 

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

versa.pdc Post-synthesis constraints for the Versa example design. 

versa_top.sv Top-level design file for the Versa example design. 

tb_top_versa.sv Testbench for the Versa example design. 

debounce.v Debounce module for hardware mechanical input. 

osc_ip.v OSC module from foundation IP. 
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Files Description 

pcs_apb_w_r.v  

pcs_apb_w.v 

APB module for register configuration. 

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

tb_top_versa.do Script to group simulation signals. 

 

To import Versa files to the Radiant software project, follow these steps:  

1. For Avant devices, select part number LAV-AT-X70-3LFG1156I and set the Package option to LFG1156.  

Note that the current Versa example design is tested on LAV-AT-X70. 

 

Figure 6.16. Device Setup for Avant Devices 

For CertusPro-NX devices, select part number LFCPNX-100-9LFG672I and set the Package option to LFG672.  
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Figure 6.17. Device Setup for CertusPro-NX Devices 

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

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

Table 6.6. Top-Level Files  

File Description Avant X70 Devices (10G Ethernet) CertusPro-NX Devices (10G Ethernet) 

Top-level file to include in software 
project 

versa_top.sv top.v 

Simulation for top-level file to 
include. 

tb_top_versa.sv tb_top.v 

Post-synthesis constraint file. versa.pdc cpnx_versa.pdc 
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Figure 6.18. Add Related Files into the Radiant Software Project 

3. Versa design file: versa_top.sv or top.v file. The SIM parameter remains unchanged for both modes. 

• Continuous mode: 

a. CONTINUOUS_TRAFFIC parameter is default to 1. 

b. Allows you to pause and resume the packet transmission via push button in hardware. For more 
information on testing the IP with the evaluation board, refer to the Hardware Testing section. 

 

Figure 6.19. CONTINUOUS_TRAFFIC parameter for Continuous Mode in versa_top.sv File 

• Non-continuous mode 

a. Allows you to change the CONTINUOUS_TRAFFIC parameter to 0. 

b. Allows you to define the number of packets transmitted through NUM_PKT parameter. 

 

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

 

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

5. Versa testbench: tb_versa_top.sv or tb_top.v. The SIM parameter remains unchanged for both modes. 

a. CONTINUOUS_TRAFFIC parameter is default to 1 for continuous mode packet transmission. 

 

Figure 6.22. CONTINUOUS_TRAFFIC Parameter for Continuous Mode in the tb File 

  

https://www.latticesemi.com/legal


10G Ethernet IP  
User Guide 
 
 

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.  
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice. 

FPGA-IPUG-02245-2.0  125 

b. Allows you to change the CONTINUOUS_TRAFFIC parameter to 0 for non-continuous mode. 

 

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

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

 

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

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

 

Figure 6.25. Add the .pdc File into the Radiant Software Project 
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8. You can add and edit the constraints using the Device Constraint Editor or by manually creating a PDC file. Post-
Synthesis constraint files (.pdc) contain both timing and non-timing constraint .pdc source files for storing logical 
timing or physical constraints. 

 

Figure 6.26. Timing Constraint File (versa.pdc Example from an Avant Device) 

9. The hardware example design preparation is completed. 

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

6.5.1. 10 Gb Ethernet MAC Example Design Testbench Flow 

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

Start

Waiting for 10G 
Ethernet PCS Link Up

Configuration of 10G 
Ethernet MAC Core

Display Status of Packet 
Data Checking

End of Simulation

Transmit Packets and 
Loopback

 

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

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

2. Enter Project name, and click Next. 

 

Figure 6.28. Create a Simulation Project 

3. Click Next. 

 

Figure 6.29. Include Source Files 
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4. Click Next.  

 

Figure 6.30. Set tb_top* as Top Module 

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

 

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

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

 

Figure 6.32. Example Design Simulation Waveform for Continuous Mode 

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

 

Figure 6.33. Example Design Simulation Output for Continuous Mode 
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6.5.2.2. Non-Continuous Mode 

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

 

Figure 6.34. Example Design Simulation Waveform for Non-Continuous Mode 
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9. The following figure shows the simulation output for non-continuous mode with a PASSED status. 

 

Figure 6.35. Example Design Simulation Output for Non-Continuous Mode 
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6.6. Hardware Testing  
The 10G Ethernet IP is hardware tested on Avant G/X Versa boards and CertusPro-NX Versa board. The following setup 
demonstrates the steps for hardware testing on an Avant G/X Versa board: 

1. Set up the board as shown in the following figure. 

2. Ensure the input power is 12 V.  

3. It is optional that JP17 jumper is set to enable the board to operate in 10 Gb. This is applicable for Avant-G/X Versa 
board design only. 

Connect to USB Programming 12 V Power Input

SFP28 Cage JP17 Jumper 7-Segment LED Push Button  

Figure 6.36. Avant-X Versa Board Setup 

Raspberry Pi 
Connector (J23)

ADC Headers 
and Jumpers 

(J26-29)

3-digit 
Display 
(D60)

PMOD0-1 
(J64-65)

Camera 
Connector 

(J37)

LPDDR4 
(U7)

GPIO and Flash 
Headers (J17-18)
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(SW1)

JTAG Header 
(J31)

DONE and 
Indicator LEDs 
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USB3 Out 
(J61)

USB2 In 
(U12)

1Gb SFP 
(J15)

10Gb SFP 
(J12)

PCIe Edge 
Connector 

(CN1)

LFCPNX 
(U1)

PCIe RC 
Connector 

(X1)

Indicator LEDs 
(D63-68, D104-105)

LFCPNX SERDES 
Connectors (J2-11)

1Gb SFP 
(J16)

10Gb SFP 
(J13)

12V In (J44)

12V Source 
(SW6)

POT (R143)

SPI Flash 
(U5)

ADC_DP0 
(J25)

 

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

 

 

Figure 6.38. Loopback Module Setup 

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

 

Figure 6.39. Successful Design Compilation 

6. Launch the Radiant Programmer via menu Tools→ Programmer or click on the Radiant Programmer icon . 

7. Click on the Detect Cable button. 

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

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

10. Click on the programming icon . The software displays the programming status. 

8

 

Figure 6.40. Cable Selection for Avant-AT-X Device 
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10

9 7

10

 

Figure 6.41. Programmer GUI 

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

12. After the design has linked up, toggle DIP_SW_1 for Avant-X/G Versa board or DIP_SW2 to HIGH for CertusPro-NX 
Versa board to start Ethernet frames generation and transmission. The Ethernet frames loopback via the connected 
SFP with the optical loopback module and the traffic generator receives and compares the frames.  

13. You can pause and resume the Ethernet frames transmission by pressing the push button SW13* for Avant-X/G 
Versa board or DIP_SW2 to LOW for CertusPro-NX Versa board. The 7-segment LED glows according to the 
following diagram, which indicates that the hardware has been successfully set up and received a passing status. 
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11

13*

12

 

Figure 6.42. Passing Scenario on Avant-AT-X Device 

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

 

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

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

 

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

Segment Description  

A Traffic generator ended, or frames transmission paused*. 

B Reset (push button) deasserted. 

C 10G Ethernet IP initialization is done. 

D 10G Ethernet IP PCS is ready. 

E Frames transmitting or traffic generator ended. 

F Frames receiving or traffic generator ended. 

G Loopback patterns comparison fails. 

 

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

 

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

Signal Name Description 

LED_0 PLL locked. 

LED_1 PHY transmitter ready. 

LED_2 PHY receiver ready. 

LED_3 TX transmission is live. 

LED_4 RX transmission is live. 

LED_5 Transmission completed or paused. 

LED_6 Loopback patterns comparison fails. 

LED_7 PHY bit error rate is high. 
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7. Designing with the IP  
This section provides information on how to generate the IP core using the Lattice Radiant software and how to run 
simulation and synthesis. For more details on the Lattice Radiant software, refer to the Lattice Radiant Software User 
Guide and relevant Lattice tutorials.  
Note: The screenshots provided are for reference only. Details may vary depending on the version of the IP or software 

being used. If there have been no significant changes to the GUI, a screenshot may reflect an earlier version of 
the IP. 

7.1. Generating and Instantiating the IP 
You can use the Lattice Radiant software to generate IP modules and integrate them into the device’s architecture. The 
following steps describe how to generate the 10G Ethernet IP core in the Lattice Radiant software: 

1. Create a new Lattice Radiant software project or open an existing project. 

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

 

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

 

Figure 7.2. Configure the User Interface of 10GBASE-R Ethernet IP Core 
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Figure 7.3. Configure the User Interface of 10GBASE-KR Ethernet IP Core 

Note: 

10GBASE-KR is applicable only for Avant and Certus-N2 devices. When running simulations for the ANLT feature, 
confirm that the settings below are configured in the IP GUI as shown in Figure 7.3. 

• 10GBASE-KR PRBS Checker: Disabled 

• Auto Negotiation Next Page: Disabled 

• Bypass Nonce Check: Enabled 

4. Click Generate. The Check Generated Result dialog box opens with design block messages and results as shown in 
the following figure. 
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Figure 7.4. Check Generated Result 

5. Click Finish. All the generated files are placed under the directory paths in the Create in and the Component name 
fields. 

6. You can synthesize your generated design by clicking on Synthesize Design located in the top-left corner of the 
screen. 

 

Figure 7.5. Synthesize Design 
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7.1.1. Generated Files and File Structure 

The generated 10G Ethernet IP core package includes the black box (<Instance Name>_bb.v) and instance templates 
(<Instance Name>_tmpl.v/vhd) that can be used to instantiate the core in a top-level design. An RTL example of the 
top-level reference source file (<Instance Name>.v) that can be used as an instantiation template for the IP core is also 
provided. You may also use this example as the starting template for your top-level design.  

Table 7.1. Generated File List 

Generated Files Description 

<Instance Name>.ipx This file contains the information on the files associated with the generated IP. 

<Instance Name>.cfg This file contains the parameter values used in IP configuration. 

component.xml This file contains the ipxact:component information of the IP. 

design.xml This file documents the configuration parameters of the IP in IP-XACT 2014 format. 

rtl/<Instance Name>.v This file provides an RTL example of the top-level source file that instantiates the IP core. 

rtl/<Instance Name>_bb.v This file provides the synthesis closed-box. 

misc/<Instance Name>_tmpl.v 
misc /<Instance Name>_tmpl.vhd 

These files provide instance templates for the IP core. 

eval/ ten_gb_subsys.do  This .do file is used to execute sub-system (Generated <Instance Name>.v with 10 Gb 
PCS IP sample design) simulation. Only applicable to the MAC Only option. 

 
Note: For other generated files in the Eval folder, refer to Table 6.5. 

testbench/tb_top.v Top testbench to run loopback test of the generated <Instance Name>.v file. 

 

7.2. Design Implementation  
Completing your design includes additional steps to specify analog properties, pin assignments, and timing and physical 
constraints. You can add and edit the constraints using the Device Constraint Editor or by manually creating a PDC file.  

Post-Synthesis constraint files (.pdc) contain both timing and non-timing constraint .pdc source files for storing logical 
timing or physical constraints. Refer to .ldc and include them in the (.pdc) files based on your usage. 

 

Figure 7.6. Timing Constraint File (.pdc) for the 10G MAC IP 
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Constraints that are added using the Device Constraint Editor are saved to the active .pdc file. The active post-synthesis 
design constraint file is then used as input for post-synthesis processes. 

For more information on how to create or edit constraints and how to use the Device Constraint Editor, refer to the 
relevant sections in the Lattice Radiant Software User Guide. 

7.3. Timing Constraints 
Timing constraints are provided to ensure that the IP core meets the design timing requirement in Lattice FPGA device. 

The constraint file contains the necessary design constraints to ensure the proper timing closure. To ensure successful 

timing closure, you must apply the required clock constraints in the design according to the IP configuration. You are 

also responsible for defining the clock input to the IP following the design port name, including creating the 

corresponding clock input constraint in the .pdc file. 

For more information on timing constraints, refer to the Lattice Radiant Timing Constraints Methodology Application 
Note (FPGA-AN-02059). 

Notes: 

1. All timing constraint periods shall correspond to those defined in the Clocking section, and constrain only the clock 
input depending on the device and IP option selected. 

2. Constraints (.pdc) must be added to the Radiant software project for compilation. Without timing constraints in the 
.pdc file, the design will be generated without proper timing analysis, and Place and Route may result in latent 
failures. 

7.3.1. Create Clock Constraints for CertusPro-NX, Avant-AT-G/X, and Certus-N2 MAC Only Option  
Note: Create a 156.25 MHz clock for CertusPro-NX and Avant-AT-G/X txmac and rxmac clocks.  

create_clock -name {rxmac_clk_i} -period 6.4 [get_ports rxmac_clk_i]  

create_clock -name {txmac_clk_i} -period 6.4 [get_ports txmac_clk_i]  
 
Note: Create a 100 MHz clock for the CertusPro-NX and Avant-AT-G/X sysbus_clk_i, which supports a maximum 

frequency of up to 100 MHz. 

create_clock -name {sysbus_clk_i} -period 10 [get_ports sysbus_clk_i]  

7.3.2. Create Clock Constraints for CertusPro-NX, Avant-AT-G/X, and Certus-N2 PHY Only Option 

Note: Create a 161.132812 MHz clock for the CertusPro-NX SERDES refclk pin. You must only create clock for the 
chosen reference clock input based on the Reference Clocks section. 

create_clock -name {pad_refclkn_i} -period 6.2 [get_ports pad_refclkn_i]  

create_clock -name {pad_refclkp_i} -period 6.2 [get_ports pad_refclkp_i]  

create_clock -name {refclkn0_ext_i} -period 6.2 [get_ports refclkn0_ext_i]  

create_clock -name {refclkn1_ext_i} -period 6.2 [get_ports refclkn1_ext_i]  

create_clock -name {refclkp0_ext_i} -period 6.2 [get_ports refclkp0_ext_i]  

create_clock -name {refclkp1_ext_i} -period 6.2 [get_ports refclkp1_ext_i]  

create_clock -name {sd_ext_0_refclk_i} -period 6.2 [get_ports sd_ext_0_refclk_i] 

create_clock -name {sd_ext_1_refclk_i} -period 6.2 [get_ports sd_ext_1_refclk_i] 

create_clock -name {sd_pll_refclk_i} -period 6.2 [get_ports sd_pll_refclk_i] 
 
 
Note: Create a 156.25 MHz clock for the Avant-AT-G/X SERDES refclk pin.  

create_clock -name {pad_refclkn_i} -period 6.4 [get_ports pad_refclkn_i]  

create_clock -name {pad_refclkp_i} -period 6.4 [get_ports pad_refclkp_i]  
 
Note: Create a 156.25 MHz for the Avant-AT-G/X PHY. You must update the SERDES Quad and lane accordingly from the 

generated clock using the Post-Synthesis Timing Editor from the Radiant software tools according to your design. 

create_clock -name {xg_rx_clk_i} -period 6.4 [get_ports xg_rx_clk_i]  
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create_clock -name {xg_tx_clk_i} -period 6.4 [get_ports xg_tx_clk_i]  

create_generated_clock -name {xg_tx_clk_o[0]} -source [get_ports pad_refclkp_i] -divide_by 
1 -multiply_by 1 [get_pins 
<IP_INST_NAME>/lscc_ten_gbe_phy_mac_inst/gen_avant_non_kr.gen_avant_non_kr_mac_phy.u_ten_gb
e_phy/mpphy_03A_inst/lscc_mpphy_inst/MPPHYX4_MPQ6_merge/TXOUTGCLK_PLL0] 
 
Note: Create a 156.25 MHz and 322.265625 MHz clock for the CertusPro-NX PHY. You must update the SERDES Quad 

and lane accordingly from the generated clock using the Post-Synthesis Timing Editor from the Radiant software 
tools according to your design. 

create_clock -name {xg_rx_clk_i} -period 6.4 [get_ports xg_rx_clk_i]  

create_clock -name {xg_tx_clk_i} -period 6.4 [get_ports xg_tx_clk_i]  

create_clock -name {pll_input_clk_i} -period 3.1 [get_ports clk_i] 

create_generated_clock -name {xg_tx_clk_o} -source [get_ports pad_refclkp_i] -divide_by 1 -
multiply_by 2 [get_pins 
<IP_INST_NAME>.lscc_ten_gbe_phy_mac_inst.gen_lfcpnx.gen_lfcpnx_mac_phy.cpnx_lscc_ten_gbephy
_ins.u_mpcs_ten_gbe_wrap.u_mpcs_ten_gbe.lscc_mpcs_top_inst.PCSX1_inst.u_PCSX1_pcs_merge_pcs
_merge_pcs_merge_pcs_merge_pcs_merge_pcs_merge_pcsx4_merge.PCSX4_inst/CH2_PIPE_PCS_TXCLKOUT
] 
 
Note: Create a 100 MHz clock for the CertusPro-NX device PMA logic. This clock is not needed for Avant-AT-G/X devices.  

create_clock –name {xg_pcs_clkin_i} -period 10 [get_ports xg_pcs_clkin_i]  
 
Note: Create 100 MHz clock for CertusPro-NX and Avant-AT-G/X device sysbus_clk_i, which supports a maximum 

frequency of up to 100 MHz. 

create_clock -name {sysbus_clk} -period 10 [get_ports sysbus_clk_i] 

7.3.3. Create Clock Constraints for CertusPro-NX, Avant-AT-G/X, and Certus-N2 MAC + PHY 
Option 

Note: Create a 161.132812 MHz clock for the CertusPro-NX SERDES refclk pin. You must only create clock for the chosen 
reference clock input based on the Reference Clocks section. 

create_clock -name {pad_refclkn_i} -period 6.2 [get_ports pad_refclkn_i]  

create_clock -name {pad_refclkp_i} -period 6.2 [get_ports pad_refclkp_i]  

create_clock -name {refclkn0_ext_i} -period 6.2 [get_ports refclkn0_ext_i]  

create_clock -name {refclkn1_ext_i} -period 6.2 [get_ports refclkn1_ext_i]  

create_clock -name {refclkp0_ext_i} -period 6.2 [get_ports refclkp0_ext_i]  

create_clock -name {refclkp1_ext_i} -period 6.2 [get_ports refclkp1_ext_i]  

create_clock -name {sd_ext_0_refclk_i} -period 6.2 [get_ports sd_ext_0_refclk_i] 

create_clock -name {sd_ext_1_refclk_i} -period 6.2 [get_ports sd_ext_1_refclk_i] 

create_clock -name {sd_pll_refclk_i} -period 6.2 [get_ports sd_pll_refclk_i] 
 
Note: Create a 156.25 MHz clock for the Avant-AT-G/X SERDES refclk pin.  

create_clock -name {pad_refclkn_i} -period 6.4 [get_ports pad_refclkn_i]  

create_clock -name {pad_refclkp_i} -period 6.4 [get_ports pad_refclkp_i]  
 
Note: Create a 156.25 MHz  clock for CertusPro-NX devices and create an external PLL with a reference clock of 

322.265625 MHz from the PHY. Refer to the Appendix B. Clock and Reset Requirements (CertusPro-NX) section. 
You must update the SERDES Quad and lane accordingly from the generated clock using the Post-Synthesis 
Timing Editor from the Radiant software tools according to your design. 

create_clock -name {mac_clk} -period 6.4 [get_ports mac_clk]  

create_clock -name {xg_rx_clk_i} -period 6.4 [get_ports xg_rx_clk_i]  

create_clock -name {xg_tx_clk_i} -period 6.4 [get_ports xg_tx_clk_i]  

create_clock -name {pll_input_clk_i} -period 3.1 [get_ports clk_i] 
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create_generated_clock -name {xg_tx_clk_o} -source [get_ports pad_refclkp_i] -divide_by 1 -
multiply_by 2 [get_pins 
<IP_INST_NAME>.lscc_ten_gbe_phy_mac_inst.gen_lfcpnx.gen_lfcpnx_mac_phy.cpnx_lscc_ten_gbephy
_ins.u_mpcs_ten_gbe_wrap.u_mpcs_ten_gbe.lscc_mpcs_top_inst.PCSX1_inst.u_PCSX1_pcs_merge_pcs
_merge_pcs_merge_pcs_merge_pcs_merge_pcs_merge_pcsx4_merge.PCSX4_inst/CH2_PIPE_PCS_TXCLKOUT
] 
Note: Create a 100 MHz clock for CertusPro-NX device logic. This clock is not needed for Avant-AT-G/X devices.  

create_clock –name {xg_pcs_clkin_i} -period 10 [get_ports xg_pcsclkin_i]  
 
Note: Create a 156.25 MHz clock for Avant-AT-G/X devices. You must update the SERDES Quad and lane accordingly 

from the generated clock using the Post-Synthesis Timing Editor from the Radiant software tools according to 
your design. 

create_clock –name {txmac_clk_i} -period 6.4 [get_ports txmac_clk_i]  

create_clock -name {rxmac_clk_i} -period 6.4 [get_ports rxmac_clk_i]  

create_clock -name {xg_rx_clk_i} -period 6.4 [get_ports xg_rx_clk_i]  

create_clock -name {xg_tx_clk_i} -period 6.4 [get_ports xg_tx_clk_i]  

create_generated_clock -name {xg_tx_clk_o[0]} -source [get_ports pad_refclkp_i] -divide_by 
1 -multiply_by 1 [get_pins 
<IP_INST_NAME>/lscc_ten_gbe_phy_mac_inst/gen_avant_non_kr.gen_avant_non_kr_mac_phy.u_ten_gb
e_phy/mpphy_03A_inst/lscc_mpphy_inst/MPPHYX4_MPQ6_merge/TXOUTGCLK_PLL0] 
 
Note: Create a 100 MHz clock for CertusPro-NX and Avant-AT-G/X devices sysbus_clk_i, which supports a maximum 

frequency of up to 100 MHz.  

create_clock -name {sysbus_clk_i} -period 10 [get_ports sysbus_clk_i] 

7.4. Specifying the Strategy 
The Radiant software provides two predefined strategies—Area and Timing. It also enables you to create customized 
strategies. For details on how to create a new strategy, refer to the Strategies section of the Lattice Radiant Software 
User Guide. 

7.5. Running Functional Simulation 
You can run functional simulation after the IP is generated.  

To run the standalone QuestaSim software, the FOUNDRY environment variable must be set as follows: 

set ::env(FOUNDRY)  <Radiant installation path>/ispfpga 

 

To run functional simulation, follow these steps: 

1. Click the  button located on the Toolbar to initiate the Simulation Wizard, as shown in Figure 7.7. 
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Figure 7.7. Simulation Wizard 

2. Click Next to open the Add and Reorder Source window, as shown in the following figure. 

  

Figure 7.8. Add and Reorder Source 
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3. Click Next. The Summary window is shown.  
 

 

Figure 7.9. Summary Window 

4. Click Finish to run the simulation. 

Note: It is necessary to follow the procedure above until it is fully automated in the Lattice Radiant Software Suite.   
 

7.5.1. Simulation Results  

The following waveform shows an example of the simulation result for 10GBASE-R or 10GBASE-KR. Simulation may 
take up to 30 minutes to complete, including link up and traffic checker test. 
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Figure 7.10. Simulation Results for 10GBASE-R or 10GBASE-KR 

Figure 7.10 shows the functional simulation waveforms of a simple traffic transmission for the MAC + PHY options. The 
following describes the labels in the waveform diagram: 

1. Clock inputs or outputs, including the SERDES reference clock input, the system bus clock, and the output clock 
from the PHY which is recommended to be wired back to the TX/RX input clocks. For more information, refer to the 
Clocking section. 

2. Assertion of the Reset signal for the IP. 

3. PHY link-up signals, indicating the IP is ready for operation. 

4. Configuration of MAC registers for transmission using the AXI4-Lite management bus interface. 

5. Data transmission on the AXIS data interface in loopback. Logs will be printed in the simulation transcripts when 
simulation is completed. 
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8. Debugging  
This section presents a systematic approach to debugging common issues encountered when integrating this IP, 
enabling you to identify root causes, perform isolation procedures, and determine subsequent corrective actions. 

8.1. General Debug Methodology 
When debugging issues with the IP, it is recommended to follow the sequence below: 

• Basic checks 

• Clocking 

• Reset sequencing 

• IP configuration options 

• Status verification 

• PHY and MAC ready signals 

• Link status registers 

• Isolation 

• MAC versus PHY 

• User logic versus IP 

• Loopback 

• Near-end parallel loopback 

• Far-end parallel loopback 

• Statistics counters 

• Simulation and example design comparison 

8.2. Hardware Detection or Link-Up Failure 
 Symptoms: 

• The device is not detected by the Radiant Programmer. 

• PHY initialization does not complete. 

• The link does not come up. 

• Link LEDs remain off when using the example design on hardware. 

 

8.2.1. Debug Steps and Expected Results 

The following lists the debugging steps and expected results for hardware detection or link-up failure: 

1. Verify Device and IP Configuration 

• Confirms selected device family, package, and speed grade match. 

• Confirms IP configuration matches. 

• Expected results: IP Option must be compatible with supported device. 

• Next step: Edit device configuration, and regenerate IP. 

2. Verify Lane ID and Pin Assignment (for IP configuration that uses SERDES) 

• Ensure Lane ID matches board schematic following device family. 

• For AUTO mode, ensure correct pin location constraints are provided in pre-synthesize constraints. 

• Expected results: Lane ID mapping must match the hardware wiring in SERDES. 

• Next step: Check for pin location in mapping reports or .mrf report, and fix the lane assignment. 

3. Verify Synthesis File Set 

• Ensure only synthesis-relevant files are included (top-level RTL file, constraint files). 

• Ensure top-level unit is set for Radiant Project for compilation.  

• Exclude non-synthesizable files (simulation testbench files). 
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• Expected results: Clean synthesis process without unintended simulation artifacts. 

• Next step: Remove incorrect files and recompile. 

4. Hardware Detection via Programmer 

• Check for power rails, JTAG cable, device selection in Programmer tools. 

• Expected results: Target device is detected and ready for programming. 

5. Power Cycle the Hardware 

• Device is detected after clean power-up. 

• Expected results: Device is able to detect. 

• Next step: Check for faulty connections or hardware. 

6. Use Loopback Modes 

• Near-End Parallel Loopback, to isolate external serial connections. 

• Far-End Parallel Loopback, to isolate MAC logics. 

• Expected results: Loopback data is correctly received. 

• Next step: Check for errors in faulty domain after isolating the failure. 

7. Test with Example Design (for development kit that supports the example design provided). 

• Generate and program using the provided Example Design, following guidance in Example Design Chapter. 

• Expected results: Example design successfully links up, and LEDs behave as documented. 

• Next step: Check using simulations (step 8) or faulty hardware (step 9). 

8. Test with Simulation 

• Simulate with provided testbench, to verify reset sequencing, register writes, and data transmission. 

• Expected results: Simulation passes without error. 

• Next step: Fix logical errors before moving to hardware testing. 

9. Check for Faulty Hardware 

• Inspect hardware connected including SFP+ modules, cables, power source, and so on. 

• Expected results: No physical defects found. 

• Next step: Replace broken hardware. 

10. Check for IP connections 

• Review clock connections and ensure that reset (active-low or high) are correct, following the Example Design 
section or Signal Description section. For clocking frequency verification, you may implement a logic by 
measuring targeted clock using another refclk with known frequency, and compare counter value driven by 
both clocks and perform calculations. 

• Expected results: Clock inputs are connected to correct clock source, and reset is asserted following 
requirements. 

• Next step: Update connections if clock sources or reset are wrongly connected. 

8.3. Packet Corruption or Packet Loss 
Symptoms: 

• CRC errors 

• Packet drops 

• Invalid or truncated frames 

• Incorrect packet counts 

• AXI4-Stream tuser error assertion 
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8.3.1. Debug Steps and Expected Results 

The following lists the debugging steps and expected results for packet corruption or packet loss: 

1. Verify PHY Initialization Status 

• Monitor PHY link related signal. For example, phy_init_done_o, xg_pcsrdy_o. For more information, refer to 
the Signal Description section. 

• Expected results: The PHY link up signal must be asserted before data transfer starts. 

• Next step: Check for reset assertion, reference clock frequency, and stability. 

2. Verify PLL and CDR Lock 

• Confirms PLL lock signals and CDR lock. Ensures that clock source meets +/- 100 PPM requirements. 

• Expected results: Clocks are stable. 

• Next step: Check PLL configuration or clock source frequency. 

3. Verify MAC Register Configuration 

• Ensure MAC MODE for tx_en and rx_en are enabled after the PHY has achieved link up. 

• Expected results: Registers are written successfully. 

• Next step: Check MAC and PHY status, and clock frequency. 

4. Isolate module Issues 

• Use loopback modes to isolate. For designs that involve multiple modules, try to probe input and output data 
paths to isolate failure modules. User Logic -> input data path -> IP input -> IP output -> output data path. 

• Expected results: Clear identification of failure modules. 

• Next step: Focus debugging on the failing stage. 

5. Tune TX and RX Signal Parameter 

• Tune TX amplitude, pre-cursor, and post-cursor. (Defaults are recommended starting points) 

• Expected results: Improved BER and packet errors. 

• Next step: Review channel loss. 

6. Check Statistics Counters 

• Review TX/RX statistics registers, including CRC errors, length mismatch errors. For more information, refer to 
the Statistics Counters section. 

• Expected results: Counters identify dominant error category. 

• Next step: Use counter errors to guide specific fixes. 

7. Verify Timing Closure 

• Review timing report from Radiant software tools Place and Route. 

• Expected results: All paths meet timing constraints. 

• Next step: Review failure path, and update constraints if necessary. 

8. Verify Reset Behavior 

• Reset assertion must be held for required cycles. For more information, refer to the Reset section. 

• Expected results: Clean reset with deterministic state. 

• Next step: Perform reset following the requirements. 

8.4. Debug Tools Reveal Analyzer 
Enable Reveal tools from the Radiant software for tracing and debugging hardware. 

For more information, refer to the Reveal Inserter, Reveal Analyzer, and SERDES Toolkits sections in the Lattice Radiant 

Software Help.  

The following signals may be useful to monitor in the Reveal software: 

• reset_n_i —Reset signal must be asserted, making sure that IP is out of reset. 

• xg_pcsrdy_o, phy_init_done_o—PHY-related link signals. For more information, refer to the Signal Description 
section. 
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• xgmii_txd/rxd_i/o—XGMII interface between MAC and PHY. May probe this signal to isolate data corruption 
issues. 

• axis_tx/rx_tdata_i/o—Data interface for MAC and user logic. May probe this signal to isolate data corruption 
issues. 

• tx/rx_statvec_o—Statistics vectors for real-time visibility. 

8.5. Contacting Technical Support 
If the issue persists after completing all debug steps, contact Lattice Technical Support with the following collected 
information: 

• IP configuration file 

• Timing reports 

• Statistics counter 

• Test setup description 
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9. Design Considerations  
This section describes key design considerations to ensure reliable operation and successful integration of the IP. 
Adhering to these guidelines helps minimize integration issues, improve signal integrity, and simplify timing closure. 

9.1. Clocking and PLL Resource Sharing Usage 
Where supported by the device family, it is recommended to share PLL resources between related blocks. 

Sharing PLLs helps to: 
• Reduce overall resource utilization.  
• Lower power consumption. 
Design Recommendation 
When sharing PLLs, ensure all connected clocks: 
• Have compatible frequency requirements. 
• Meet PLL operating mode restrictions (for example, avoid fractional-N mode where noted). 

9.2. SERDES Reference Clock Quality 
Always use a clean, low-jitter reference clock for SERDES and PHY operation. 

Avoid using fabric-routed clocks or internally generated clocks as SERDES reference clocks. 

Ensure that the reference clocks meet the following requirements: 

• The required nominal frequency (for example, 156.25 MHz or 161.132812 MHz, depending on the device). 
• ±100 PPM accuracy, as required by IEEE 802.3. 
Design Recommendation 
Connect SERDES reference clocks directly from dedicated clock pins. 

9.3. Lane Assignment and Lane Merging 

9.3.1. Lane Assignment Rules 

Lane assignment must strictly follow the PHY and device-specific lane availability described in the IP documentation 
and the device datasheet. 

For devices with limited supported lanes (for example, CertusPro-NX devices), only the supported lane numbers may be 
selected. 

When using AUTO lane assignment, corresponding pin location constraints must be defined in pre-synthesize 
constraints to guide placement. This feature is only available for Avant devices. 

Design Recommendation 
Always crosscheck lane assignments and supported lanes against: 

• Device pinout or board schematics 
• Device family datasheet 

9.3.2. Lane Merging Considerations 

When lane merging is enabled, all merged PHY instances must share: 
• Reference clocks 
• LMMI/APB clocks and resets 
• Compatible PLL configurations 
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• Certain per quad signals are physically shared and must be handled according to the lane merging rules. For Avant 
devices, refer to the Lane Merging (Avant and Certus-N2 Devices) section. For CertusPro-NX devices, refer to the 
Lane Merging (CertusPro-NX Devices) section. 

Design Recommendation 
Review the post-synthesis lane merging report to confirm expected lane placement (for Avant devices only), or serial 
pinout mapping in the Map Report. 

Do not connect multiple output clocks (for example, xg_tx_gclk_o) from merged PHY instances to fabric logic; use only 
one clock output per quad as specified. 

9.4. Clock Domain and Reset Strategy 

9.4.1. Clock Domain Alignment 

To simplify design and reduce clock domain crossing (CDC) complexity: 

• Keep the MAC and PHY in the same clock domain whenever possible. 

• Use PHY-generated clocks (for example, xg_tx_gclk_o) as the MAC clock source in MAC + PHY configurations. 

Design Recommendation 
Avoid introducing additional clock domains between MAC and PHY. 

9.4.2. Reset Sequencing 

Follow the reset sequencing requirements defined in the Reset section. 

Ensure that: 

• Reset is asserted for the minimum required number of clock cycles. 
• Reset deassertion is synchronous to the relevant clock domain. 
• Management bus register access is delayed until the PHY reports are ready. 
Design Recommendation 
Do not configure MAC or PHY registers until the corresponding ready or status signals indicate that initialization is 
complete. 

9.5. Timing Closure Guidelines 
Apply proper timing constraints for: 
• User-defined clocks 
• MAC and PHY clocks 
• Management interface clocks 
Include all required constraints provided by the example designs as a baseline. 
Design Recommendation 
Start with the constraint files provided in the example design and extend them for user logic. 
Avoid over-constraining or adding redundant constraints that may complicate timing analysis. 

9.6. Summary of Key Recommendations 
• Use clean, dedicated reference clocks for SERDES and PHY operation. 
• Share PLLs responsibly to save resources. 
• Follow PHY-specific lane assignment and lane merging rules strictly. 
• Keep MAC and PHY in the same clock domain when practical. 
• Apply proper timing constraints and minimize unnecessary CDC crossings. 
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10. Known Issues 

10.1. MAC Pause Frame Receipt Function with a Non-XGMII Interface 

10.1.1. Devices Affected 

All devices. 

10.1.2. Designs Affected 

This issue affects only designs using the MAC only IP option with a non-XGMII (16-bit GMII, 8-bit GMII, or 4-bit MII) 
interface.  

The following design options are not affected: 

• MAC only IP option with XGMII interface  

• MAC + PHY IP option 

• PHY only IP option 

10.1.3. Pause Frame Reception with Non-XGMII Interface 

Upon the receipt of a valid pause frame, the Ethernet MAC sublayer must parse the pause frame and inhibit the 
transmission of data frames for the pause quanta or duration defined in the pause frame. 

It is found that when the Ethernet MAC is configured with non-XGMII PHY interface, a valid pause frame received 
during an existing AXI4-Stream transaction from higher applications will not pause the transmit MAC from transmitting 
when the pause quanta counter has already started.  

The transmission of pause frame through non-XGMII interface is not impacted. 

This receipt of pause frame and subsequent pause on the Transmit MAC is also not impacted on the XGMII interface. 

10.1.4. Planned Fix 

Lattice intends to resolve this issue in the next revision of the 10G Ethernet IP core. 

10.2. TX Custom Preamble Mode Function with Non-XGMII Interface 

10.2.1. Devices Affected 

CertusPro-NX devices (LFCPNX-100) and Avant devices. 

10.2.2. Designs Affected 

This issue affects only designs using the MAC-only IP option with a non-XGMII (16-bit GMII, 8-bit GMII, or 4-bit MII) 
interface on CertusPro-NX devices (LFCPNX-100) and Avant devices. 

 

The following design options are not affected: 

• MAC only IP option with XGMII interface  

• MAC + PHY IP option 

• PHY only IP option 

• MAC + PHY + 1588  IP option 

10.2.3. TX Custom Preamble Mode with Non-XGMII Interface 

When tx_pass_pream =1, you are allowed to supply the customized preamble and SFD value in the packet. The TX MAC 
must preserve the preamble field and pass it directly to the physical layer. 
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However, when the Ethernet MAC is configured with non-XGMII interface, the first byte of the data is missing. 
It works fine in the XGMII interface. 

10.2.4. Planned Fix 

Lattice intends to resolve this issue in the next revision of the 10G Ethernet IP core. 

10.3. Short Frame as Last Frame Limitation 

10.3.1. Devices Affected 

CertusPro-NX devices (LFCPNX-100) and Avant devices. 

10.3.2. Designs Affected 

This issue affects designs using the MAC-only and MAC + PHY IP option on CertusPro-NX devices (LFCPNX-100) and 
Avant devices. The PHY-only IP option is not affected. 

10.3.3. Short Frame as Last Frame Limitation 

When TX AXI interface sends long groups of packets back-to-back, and it ends with a short frame (less than 60 bytes), 
there is a possibility that the short frame remains in MAC and does not push to the PHY. Any subsequent transaction 
after that will push out the short frame. 

10.3.4. Planned Fix 

Lattice intends to resolve this issue in the next revision of the 10G Ethernet IP core. 

10.4. Minimum Pulse Width (MPW) Timing Error During Place And Route (PAR) 
When Using CertusPro-NX MPCS Module 

10.4.1. Devices Affected 

CertusPro-NX devices. 

10.4.2. Designs Affected 

This issue affects designs using the MAC + PHY and PHY-only IP options on CertusPro-NX devices. The MAC-only IP 
option is not affected. This issue is reproducible in the Hardware Example Design during PAR. However, no functional 
issues are observed in actual hardware. 

10.4.3. MPW Timing Error in CertusPro-NX MPCS Module 

This violation is identified during Static Timing Analysis performed using an incorrect or non-aligned datasheet model, 
and does not correspond to the actual silicon implementation. The MPW error associated with the MPCS module on 
the 322.265 MHz clock output can be safely ignored during compilation, as it does not cause any functional issues in 
hardware. 

10.4.4. Planned Fix 

Lattice intends to resolve the timing model issue in the next revision of the Radiant software tool. 
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Appendix A. Resource Utilization  
 
Note: Resource utilization values in this section are based on pre-production software builds and may differ from 

production builds. 

Table A.1. Resource Utilization for CertusPro-NX, Avant, and Certus-N2 Devices  

Configuration Registers LUTs EBRs Target Device Synthesis Tools 

PHY only 

Host Interface == APB 
36 (<1%)  103 (<1%) 0 (0%) LFCPNX-100 Synplify Pro 

MAC + PHY + 1588 

Multicast Address Filtering == Enabled 

Statistics Counter Registers == Enabled 

Counter Width == 32 

Host Interface == APB 

15,234 (19%)  11,438 (14%) 16 (8%) LFCPNX-100 Synplify Pro 

PHY only 

Host Interface == AXI4-Lite 
126 (<1%) 181 (<1%) 0 (0%) LAV-AT-G70 Synplify Pro 

PHY only 

Host Interface == APB 
99 (<1%) 82 (<1%) 0 (0%) LAV-AT-G70 Synplify Pro 

MAC + PHY 

Host Interface == AXI4-Lite 
3,966 (1%) 4,815 (1%) 3 (<1%) LAV-AT-G70 Synplify Pro 

MAC + PHY 

Multicast Address Filtering == Enabled 

Statistics Counter Registers == Enabled 

Counter Width == 32 

Host Interface == AXI4-Lite 

7,857 (2%) 8,548 (2%) 3 (<1%) LAV-AT-G70 Synplify Pro 

MAC + PHY 

Multicast Address Filtering == Enabled 

Statistics Counter Registers == Enabled 

Counter Width == 64 

Host Interface == AXI4-Lite 

11,377 (3%) 11,241 (3%) 3 (<1%) LAV-AT-G70 Synplify Pro 

MAC only 

Multicast Address Filtering == Enabled 
3,876 (1%) 4,576 (1%) 3 (<1%) LAV-AT-G70 Synplify Pro 

MAC only 

Multicast Address Filtering == Enabled 

Statistics Counter Registers == Enabled 

Counter Width == 64 

11,242 (3%) 10,962 (3%) 3 (<1%) LAV-AT-G70 Synplify Pro 

MAC + PHY 

Multicast Address Filtering == Enabled 

Statistics Counter Registers == Enabled 

Counter Width == 64 

Host Interface == AXI4-Lite 

11,855 (9%) 12,203 (9%) 3 (<1%) LN2-CT-20 Synplify Pro 

PHY only 

Host Interface == AXI4-Lite 
330 (<1%) 655 (<1%) 1 (<1%) LN2-CT-20 Synplify Pro 

MAC only 

Multicast Address Filtering == Enabled 

Statistics Counter Registers == Enabled 

Counter Width == 64 

11,524 (8%) 11,767 (9%) 2 (<1%) LN2-CT-20 Synplify Pro 
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Appendix B. Clock and Reset Requirements (CertusPro-NX) 
The following figure shows the suggested connection of xg_tx/rx_clk_i and xg_tx_clk_o. The GPLL module with 64/66 
clock ratio is used to generate the 156.25 MHz clock input to xg_tx/rx_clk_i.  

The GPLL module output lock signal is also recommended to be used as one of the PHY ready indicators before sending 
valid signals to PHY.  

Refer to the following sample code: 
 

assign sys_ready_o  = pll_lock_w & xg_rxval_o & xg_txrdy_o & xg_rx_blk_lock_o; 
 

Note: For MAC reset, you do not need to use the PHY RX status signal.  
For example:  

assign mac_rst_n  = (pll_lock_w & xg_txrdy_o); 

 

10G PCS Soft IP

MPCS Module 
Configured to 10GBASE-R

MPCS
PMA

CSR

APB access to MPCS and 

MMD registers

GPLL Module

64/66 clock ratio

Serial RX

Serial TX

Refclk = 161.1328 MHz

64/

64/

XGMII

xg_tx_clk_o = 322.265625 MHz

xg_tx/rx_clk_i

pll_clk = 156.25 MHz

 

Figure B.1. 10G PCS IP Core Clock Setup 

This setup is also available in the eval_top.v file under the eval folder. 
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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. 
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Revision History 
Note: In some instances, the IP may be updated without changes to the user guide. The user guide may reflect an 
earlier IP version but remains fully compatible with the later IP version. Refer to the IP Release Notes for the latest 
updates. 

Revision 2.0, IP v.3.5.0, July 2026 

Section Change Summary 

Known Issues Added the Minimum Pulse Width (MPW) Timing Error During Place And Route (PAR) When 
Using CertusPro-NX MPCS Module section. 

 

Revision 1.9, IP v.3.5.0, June 2026 

Section Change Summary 

All • Updated the IP version on the cover page. 

• Performed minor formatting and editorial edits. 

Abbreviations in This Document • Updated the definition for IPG. 

• Added the following abbreviations—ANLT, DME, FCFEC, GMII, MII, VLAN. 

Introduction • Updated Table 1.1. Summary of the 10G Ethernet IP. 

• Updated Table 1.2. 10G Ethernet IP Support Readiness. 

• Updated the Features section. 

• Updated the Hardware Evaluation section. 

• Added Certus-N2 device speed grade information to Table 1.3. Minimum Device 
Requirements for 10G Ethernet IP Core. 

Functional Description • Updated the section title for MAC + PHY (Avant and Certus-N2 Devices). 

• Updated the IP Architecture Overview section. 

• Added the 10GBASE-KR MAC + PHY (ANLT) section. 

• Updated the Ethernet Data Format section. 

• Updated the Receive MAC section. 

• Updated the Transmit MAC section. 

• Updated the Data Packing section. 

• Updated the section title for PHY (Avant and Certus-N2 Devices). 

• Updated the IP Architecture Overview section. 

• Updated the Lane Merging (Avant and Certus-N2 Devices) section. 

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

• Updated Table 2.3. Reference Clock Option Usage. 

• Updated Table 2.4. Reference Clock MUX Tree Control Signals. 

• Updated the Lane Merging (CertusPro-NX Devices) section. 

• Updated the Reference Clocks section. 

• Updated the Clocking Overview section. 

• Updated the MAC Reset Sequence section. 

• Updated the PHY Reset Sequence (Avant and Certus-N2 Devices) section. 

• Updated the PHY Reset Sequence (CertusPro-NX Devices) section. 

• Added the User Interface section. 

• Added the Hash Setting for Multicast Address Filtering section. 

IP Parameter Description • Updated Table 3.1. MAC + PHY Attributes. 

• Updated Table 3.2. MAC Only Attributes. 

• Updated Table 3.3. PHY Only Attributes. 

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

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

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

Signal Description • Updated Table 4.1. Signal Description—MAC + PHY. 
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Section Change Summary 

• Updated Table 4.2. Signal Description—MAC Only. 

• Updated Table 4.3. Signal Description—PHY Only. 

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

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

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

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

Register Description • Updated the introductory paragraph in the Register Description section. 

• Added the Register Address Mapping section. 

• Updated Table 5.1. Register Address Mapping. 

• Updated Table 5.5. TX_CTL Register. 

• Updated Table 5.6. RX_CTL Register. 

• Updated Table 5.8. IPG_VAL Register. 

• Updated Table 5.11. TX_RX_STS Register. 

• Updated Table 5.17. PAUSE_TM Register. 

• Updated the Interrupt Registers section. 

• Updated Table 5.20. INT_STATUS Register. 

• Updated the Statistics Counters section. 

• Added the ANLT Registers (Avant Devices) section. 

• Updated Table 5.51. Access Types for PHY. 

• Updated Table 5.54. Register Address Mapping. 

• Updated Table 5.67. [0x003C] MAC Address 1 Register. 

Example Design • Added the following note to this section: 

Note: 10GBASE-KR (ANLT) is not currently supported in the hardware example design. 

• Removed Figure 6.14. Configure Component. 

• Updated Table 6.5. Description of Generated Files in the Eval Folder. 

• Updated Table 6.6. Top-Level Files. 

• Updated the title for Figure 6.22. CONTINUOUS_TRAFFIC Parameter for Continuous 
Mode in the tb File. 

• Updated the title for Figure 6.23. CONTINUOUS_TRAFFIC Parameter for Non-
Continuous Mode in the tb File. 

Designing with the IP • Updated the Generating and Instantiating the IP section. 

• Updated the Timing Constraints section. 

• Updated the Simulation Results section. 

Debugging Added this section. 

Design Considerations Added this section. 

Appendix A. Resource Utilization Updated Table A.1. Resource Utilization for CertusPro-NX, Avant, and Certus-N2 Devices. 

 

Revision 1.8, IP v.3.4.0, December 2025 

Section Change Summary 

All • Updated the IP version on the cover page. 

• Added LAV-AT-G30 and LAV-AT-X30 device support. 

Introduction • Updated Table 1.1. Summary of the 10G Ethernet IP. 

• Updated the Licensing and Ordering Information section. 

• Updated the Minimum Device Requirements section to include LAV-AT-G30 and LAV-
AT-X30 devices. 

Functional Description • Updated Figure 2.2. 10GbE MAC + PHY IP Core SyncE Block Diagram. 

• Updated the Lane Merging (Avant Devices) section. 

• Updated the Clocking section. 

Signal Description • Updated Table 4.1. Signal Description—MAC + PHY. 

• Updated the sysbus_clk_i port name description in Table 4.3. Signal Description—PHY 
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Section Change Summary 

Only (Avant Devices). 

• Updated the xg_pcs_clkin_i port description in Table 4.5. Signal Description—MAC + 
PHY + 1588 (CertusPro-NX Devices). 

• Updated the xg_pcs_clkin_i port description in Table 4.7. Signal Description—MAC + 
PHY (CertusPro-NX Devices). 

Register Description Updated the description for the tx_pausreq register in Table 5.15. MAC_CTL Register. 

Example Design • Updated Step 4 in the IP Installation and Generation section. 

• Updated Figure 6.14. Configure Component. 

Designing with the IP • Updated Figure 7.2. Configure the User Interface of 10G Ethernet IP Core. 

• Updated the Timing Constraints section. 

Known Issues Added the Short Frame as Last Frame Limitation section. 

 

Revision 1.7, IP v.3.3.1, September 2025 

Section Change Summary 

All • Updated the IP version on the cover page. 

• Renamed 10G Ethernet MAC + PHY IP to 10G Ethernet IP. 

• Removed MachXO5-NX device support. 

Introduction • Updated Table 1.1. Summary of the 10G Ethernet IP. 

• Updated Table 1.2. 10G Ethernet IP Support Readiness. 

• Updated the Features section. 

Functional Description Updated the following sections: 

• PHY (Avant Devices) section. 

• PHY (CertusPro-NX Devices) section. 

IP Parameter Description Updated the following tables: 

• Table 3.1. MAC + PHY Attributes (Avant Devices). 

• Table 3.3. PHY Only Attributes (Avant Devices). 

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

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

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

Signal Description Updated the following tables: 

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

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

Register Description Updated the following tables: 

• Table 5.23. Register Address Map for PHY. 

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

Example Design • Updated the Generating Example Design section. 

• Updated the Hardware Testing section. 

Designing with the IP Updated Step 3 in the Generating and Instantiating the IP section. 

Appendix A. Resource Utilization Updated Table A.1. Resource Utilization for CertusPro-NX and Avant Devices. 

References Updated the document title from 10G Ethernet MAC + PHY IP Release Notes to 10G Ethernet 
IP Release Notes. 

Revision 1.6, IP v.3.3.0, June 2025 

Section Change Summary 

All Updated the IP version on the cover page. 

Introduction • Updated Table 1.1. Summary of the 10G Ethernet IP. 

• Updated Table 1.2. 10G Ethernet IP Support Readiness. 

• Updated the Features section. 

• Updated Table 1.3. Ordering Part Number. 

• Updated Table 1.4. Minimum Device Requirements for 10G Ethernet IP Core. 
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Section Change Summary 

Functional Description • Updated the IP Architecture Overview sub section of MAC + PHY (Avant Devices). 

• Updated the reference document for details on MPPHY foundation IP to the Lattice 
Avant SERDES/PCS User Guide (FPGA-TN-02313). 

• Added the following sentence to the Custom Preamble Passing section: 

Note: Custom preamble mode is only supported by XGMII interface. 

• Added the Lane Merging section. 

• Updated the PHY (CertusPro-NX and MachXO5-NX Devices) section. 

• Updated the MAC + PHY + 1588 (CertusPro-NX and MachXO5-NX Devices) section. 

• Added the MAC + PHY (CertusPro-NX and MachXO5-NX Devices) section. 

• Added the following note to the Clocking Overview section: 

Note: Make sure that the GPLL being used does not have Fractional-N Divider mode 
enabled. 

• Updated the title of the PHY + MAC + 1588 Reset Sequence (CertusPro-NX Devices) 
section. 

• Added the Latency section. 

IP Parameter Description • Updated the following tables: 

• Table 3.1. MAC + PHY Attributes (Avant Devices) 

• Table 3.3. PHY Only Attributes (Avant Devices). 

• Updated the PHY Only (CertusPro-NX and MachXO5-NX Devices) section. 

• Updated the MAC + PHY + 1588 (CertusPro-NX and MachXO5-NX Devices) section. 

• Added the MAC + PHY (CertusPro-NX and MachXO5-NX Devices) section. 

Signal Description • Added the MAC + PHY Signals (CertusPro-NX and MachXO5-NX Devices) section. 

• Updated the title of the PHY Only Signals (CertusPro-NX and MachXO5-NX Devices) 
section. 

• Updated the title of the MAC + PHY + 1588 Signals (CertusPro-NX and MachXO5-NX 
Devices) section. 

Register Description • Updated the following tables: 

• Table 5.4. TX_CTL Register 

• Table 5.5. RX_CTL Register 

• Updated the title of the PHY Registers (CertusPro-NX and MachXO5-NX Devices) 
section. 

• Updated the title of the MAC + PHY+ 1588 Registers (CertusPro-NX and MachXO5-NX 
Devices) section. 

Example Design • Updated the list of example designs in this section. 

• Updated the GPLL section. 

• Updated the Versa Example Design Components (Avant Devices and CertusPro-NX 
Devices) section. 

• Updated the IP Installation and Generation  section. 

• Updated the Importing Example Design Files to a Project section. 

• Updated the introductory sentence in the Example Design Simulation  section. 

• Updated the figure title for Figure 6.30. Set tb_top* as Top Module 

• Updated the Hardware Testing section. 

Designing with the IP Updated Figure 7.9. Simulation Results. 

Known Issues • Updated the MAC Pause Frame Receipt Function with a Non-XGMII Interface  section. 

• Added the TX Custom Preamble Mode Function with Non-XGMII Interface section. 

Appendix A. Resource Utilization Updated the following tables: 

• Table A.1. Resource Utilization for Avant Devices. 

• Table A.2. Resource Utilization for CertusPro-NX and Avant Devices. 

References Updated the title of the following reference in this section: 

2.5G, 10G, and 2.5GEthernet MAC + PHY IP Release Notes. 
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Revision 1.5, IP v.3.2.0 (LAV-AT-G/X70, LFCPNX-100), v2.1.2 (LAV-AT-G/X70ES), February 2025 

Section Change Summary 

Functional Description • Updated the IP Architecture Overview section. 

• Updated the Design Architecture section. 

Signal Description Updated the following tables: 

• Table 4.1. Signal Description—MAC + PHY. 

• Table 4.2. Signal Description—MAC Only. 

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

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

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

Register Description Updated Table 5.21. Summary of Statistics Counters. 

Designing with the IP Updated the Running Functional Simulation section. 

 

Revision 1.4, IP v.3.2.0 (LAV-AT-G/X70, LFCPNX-100), v2.1.2 (LAV-AT-G/X70ES), December 2024 

Section Change Summary 

All Added IP version on the cover page. 

Introduction • Updated the IP version in Table 1.1. Summary of the 10G Ethernet IP. 

• Added IP Changes in Table 1.1. Summary of the 10G Ethernet IP. 

• Added the IP Support Summary section. 

• Renamed the section title IP Validation Summary to Hardware Support and updated the 
content in the Hardware Support section. 

• Updated the following feature for MAC in the Features section: 

Supports VLAN and Jumbo frames of 9,600 bytes  

Functional Description • Updated the PHY Delay Value section. 

• Added Figure 2.2. 10GbE MAC + PHY IP Core SyncE Block Diagram. 

• Updated the following figures with notes in the Receive AXI4-Stream Interface section: 

• Figure 2.7. Normal Frame Reception. 

• Figure 2.8. Back-to-back Frames Reception. 

• Figure 2.9. Frame Reception with In-Band FCS Passing. 

• Figure 2.10. Reception with Custom Preamble. 

• Updated the following figures with notes in the Transmit AXI4-Stream Interface section: 

• Figure 2.12. Default Normal Frame Transmission. 

• Figure 2.13. Transmission with In-Band FCS Passing. 

• Figure 2.14. Transmission with Custom Preamble Passing. 

IP Parameter Description Updated the following tables: 

• Table 3.1. MAC + PHY Attributes. 

• Table 3.2. MAC Only Attributes. 

• Table 3.3. PHY Only Attributes (Avant Devices). 

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

Signal Description • Added the following signals in Table 4.2. Signal Description—MAC Only: 

• xg_pcsrdy_i  

• rx_pause_cntr_o  

• rx_pause_req_o 

• rx_pause_time_o 

• Updated the description for the following signals in Table 4.3. Signal Description—PHY 
Only (Avant Devices): 

• xg_txrdy_o 

• xg_txrdy_i 

Register Description • Added the following registers in Table 5.21. Summary of Statistics Counters: 

• TX_STAT_PKT_LNGTH_ACCU_0 

• TX_STAT_PKT_LNGTH_ACCU_1 
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Section Change Summary 

• RX_STAT_PKT_LNGTH_ACCU_0 

• RX_STAT_PKT_LNGTH_ACCU_1 

• Minor formatting changes to sub-section headings. 

• Removed the following registers from Table 5.41. TSU Configuration Registers: 

• TX PPS Delay Register 

• RX PPS Delay Register 

• Added the following note for Table 5.5. RX_CTL Register: 

Note: If the L/T value is less than 46 bytes, it detects as short frame, and it will not be 
dropped. If the L/T value is less than 46 bytes but the payload is more than the defined 
value, then the extra payload will be treated as the padded byte. 

• Removed the following registers from Table 5.41. TSU Configuration Registers: 

• TX PPS Delay Register 

• RX PPS Delay Register 

Example Design • Updated the introductory paragraph in this section. 

• Added the following key feature to the Overview of the Example Design and Features 
section: 

Supports continuous and non-continuous mode packet transmission (Versa example 
design only) 

• Updated the following sections: 

• Example Design Components. 

• Generating Example Design. 

• Example Design Simulation. 

• Hardware Testing. 

• Removed the Running Functional Simulation section. 

Known Issues Removed the CertusPro-NX RX PTP VLAN IPv6 Packet Reception section. 

Appendix A. Resource Utilization Updated Table A.1. Resource Utilization for Avant Devices (ES) and Table A.2. Resource 
Utilization for CertusPro-NX and Avant Devices (non ES). 

References • Added the following references to this section: 

• 10G Ethernet MAC + PHY IP Release Notes 

• 10G Ethernet Driver API Reference 

• IP Cores and Reference Designs for Avant Devices web page 

• Kits, Boards, and Demonstrations for Avant Devices web page 

• Replaced the following references with 10Gb Ethernet MAC + PHY IP Core web page: 

• 10G Ethernet MAC IP Core web page 

• 10G Ethernet PCS IP Core web page 

Revision 1.3, September 2024 

Section Change Summary 

Abbreviations in This Document Added LINTR to the abbreviation list. 

Introduction • Updated the IP version in Table 1.1. 10G Ethernet IP Core Quick Facts and Table 1.3. IP 
Validation Level. 

• Updated the following sub-title in the Features section: 

MAC + PHY + 1588 (CertusPro-NX Devices) 

Functional Description • Updated the PHY (Avant Devices) IP Architecture Overview section. 

• Added a reference to the MPCS Module User Guide in the PHY (CertusPro-NX Devices) 
IP Architecture Overview section. 

• Updated the PHY (CertusPro-NX Devices) Block Diagram section. 

• Updated Figure 2.28. 64b66b PCS Loopback Diagram in the PCS Loopback section. 

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

• Updated Figure 2.37. 10G Clock Network Diagram for Avant Devices. 

• Updated the following note 1 in the Timestamp Unit section: 

At the RX side, the MAC AXIS output contains PTP and non-PTP packets. Therefore, 
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Section Change Summary 

muxing logic for PTP and non PTP must be handled by user logic if required. The ToD 
counter is done in user logic as well. 

• Updated the following key features description in the Timestamp Unit section: 

Correction field calculation for end-to-end transparent clock (E2E TC) (TC2) 

• Updated the following sentence in the PCS Loopback section. 

In this mode, the 16-bit input data of the RX path comes from the TX path. 

• Updated step 6 in the PTP Synchronization section. 

• Updated the PHY Delay Value section. 

• Added Table 2.9. PPS Delay Values. 

• Updated the address value to 0xA004 in Table 2.2. AXI4-Lite to PCS Address and Data 
Conversion. 

Signal Description • Added the following signals to Table 4.1. Signal Description—MAC + PHY: 

• pma_rx0_sigdet_hf_o 

• pma_rx0_sigdet_lf_o 

• Added the following signals to Table 4.3. Signal Description—PHY Only: 

• pma_rx0_sigdet_hf_o 

• pma_rx0_sigdet_lf_o 

• Updated the clock output value for the following signals in Table 4.4. Signal 
Description—PHY Only (CertusPro-NX Devices): 

• xg_tx_clk_o 

• xg_rx_clk_o 

• Added the Clock Signal for MAC + PHY + 1588 Signals section. 

• Updated the description for rx_timestamp_rd_data and tx_timestamp_rd_data in Table 
4.5. Signal Description—MAC + PHY + 1588 (CertusPro-NX Devices). 

Register Description Updated the TSU Configuration Registers section. 

Example Design • Updated step 4 in the Importing Example Design Files to a Project section. 

• Added the following sentence in the Example Design Simulation section. 

• Updated Figure 6.41. Programmer GUI in the Hardware Testing section. 

Known Issues Added the CertusPro-NX RX PTP VLAN IPv6 Packet Reception section. 

Appendix B. Clock and Reset 
Requirements (CertusPro-NX) 

• Updated the following code example: 

assign  mac_rst_n = (pll_lock_w & xg_txrdy_o); 

• Updated the xg_tx_clk_o clock output value in Figure B.1. 10G PCS IP Core Clock Setup. 

 

Revision 1.2, June 2024 

Section Change Summary 

Introduction • Updated Table 1.1. 10G Ethernet IP Core Quick Facts. 

• Updated Features section. 

• Added the following new sections: 

• IP Validation Summary section. 

• Minimum Device Requirements section. 

Functional Description • Removed the following sentence from the MAC section: 

The MAC Only option is only applicable to CertusPro-NX devices (LFCPNX-100). 

• Updated the following reference to a user guide in the IP Architecture Overview 
section: 

For descriptions of the 10GbE PCS IP core on CertusPro-NX devices (LFCPNX-100), refer 
to the CertusPro-NX 10Gb Ethernet PHY IP Core User Guide (FPGA-IPUG-02163). 

• Updated the term STA master to STA manager in the MDIO Transaction section. 

• Added the following new sections: 

• PHY (CertusPro-NX Devices) section. 

• MAC + PHY + 1588 (CertusPro-NX Devices) section. 

• Clocking section. 
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Section Change Summary 

• Updated and moved the Reset section to this section. 

• Updated Figure 2.37. 10G Clock Network Diagram for Avant Devices. 

IP Parameter Description • Updated and moved the following sections to this new section: 

• MAC + PHY (Avant and Certus-N2 Devices) section. 

• MAC Only section. 

• PHY Only (Avant and Certus-N2 Devices) section. 

• Added the following new sections: 

• PHY Only (CertusPro-NX Devices) section. 

• MAC + PHY + 1588 (CertusPro-NX Devices) section. 

Signal Description • Updated and moved the following sections to this section: 

• MAC + PHY Signals (Avant Devices) section. 

• MAC Only Signals section. 

• PHY Only Signals (Avant Devices) section. 

• Added the following new sections: 

• PHY Only Signals (CertusPro-NX Devices) section. 

• MAC + PHY + 1588 Signals (CertusPro-NX Devices) section. 

• Updated the term slave to completer in the following tables: 

• Table 4.1. Signal Description—MAC + PHY. 

• Table 4.2. Signal Description—MAC Only. 

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

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

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

Register Description • Updated and moved the following sections to this section: 

• MAC + PHY Registers (Avant Devices) section. 

• MAC Registers section. 

• PHY Registers (Avant Devices) section. 

• Added the following new sections: 

• PHY Registers (CertusPro-NX Devices) section. 

• MAC + PHY+ 1588 Registers (CertusPro-NX Devices) section. 

Example Design Added this new section. 

Designing with the IP • Updated the figures in the Generating and Instantiating the IP section. 

• Added the following note to Table 7.1. Generated File List: 

Note: For other generated files in the Eval folder, refer to Table 6.4. Description of 
Generated Files in the Eval Folder. 

• Added the following sections: 

• Design Implementation section. 

• Timing Constraints section. 

• Specifying Strategy section. 

• Updated the figures in the Running Functional Simulation section. 

• Added the Simulation Results section. 

Known Issues • Removed a paragraph from the Pause Frame Reception with Non-XGMII Interface 
section. 

• Updated a sentence in the Planned Fix section. 

Appendix A. Resource Utilization Updated the resource utilization information. 

Appendix B. Clock and Reset 
Requirements (CertusPro-NX) 

Updated the title of this section and added a note. 

 

Revision 1.1, March 2024 

Section Change Summary 

Introduction Removed Lattice Synthesis Engine (LSE) from Table 1.1 Summary of the 10G Ethernet IP. 
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Section Change Summary 

Register Description • Updated the MAC address values in 5.2.1.6 MAC_ADDR_0 and MAC_ADDR_1 Register  
section to the following:  

For example, to set the MAC address to: AC-DE-48-00-00-80 would require writing 
0x48_00_00_80 to address 0x014 (MAC_ADDR_0). 0xAC_DE to address 0x018 
(MAC_ADDR_1). 

• Removed the reference to the Appendix B section in 5.2.1.9 MC_TABLE_0 and 
MC_TABLE_1 Register section. 

Appendix B. Code Listing for 
Multicast Bit Selection Hash 
Algorithm in C Language 

Removed this section. 

 

Revision 1.0, December 2023 

Section Change Summary 

All Initial release. 
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