
 

CrossLinkU-NX USB Video Class  

Reference Design 

FPGA-RD-02306-1.1 

September 2025 

 



CrossLinkU-NX USB Video Class  
Reference Design 
 
 

©  2025 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-RD-02306-1.1  2 

Disclaimers 
[ŀǘǘƛŎŜ ƳŀƪŜǎ ƴƻ ǿŀǊǊŀƴǘȅΣ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴΣ ƻǊ ƎǳŀǊŀƴǘŜŜ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŀŎŎǳǊŀŎȅ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ƻǊ ǘƘŜ ǎǳƛǘŀōƛƭƛǘȅ ƻŦ ƛǘǎ 
ǇǊƻŘǳŎǘǎ ŦƻǊ ŀƴȅ ǇŀǊǘƛŎǳƭŀǊ ǇǳǊǇƻǎŜΦ !ƭƭ ƛƴŦƻǊƳŀǘƛƻƴ ƘŜǊŜƛƴ ƛǎ ǇǊƻǾƛŘŜŘ !{ L{Σ ǿƛǘƘ ŀƭƭ ŦŀǳƭǘǎΣ ŀƴŘ ŀƭƭ ŀǎǎƻŎƛŀǘŜŘ Ǌƛǎƪ ƛǎ ǘƘŜ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ŜƴǘƛǊŜƭȅ ƻŦ ǘƘŜ 
.ǳȅŜǊΦ ¢ƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǇǊƻǾƛŘŜŘ ƘŜǊŜƛƴ ƛǎ ŦƻǊ ƛƴŦƻǊƳŀǘƛƻƴŀƭ ǇǳǊǇƻǎŜǎ ƻƴƭȅ ŀƴŘ Ƴŀȅ Ŏƻƴǘŀƛƴ ǘŜŎƘƴƛŎŀƭ ƛƴŀŎŎǳǊŀŎƛŜǎ ƻǊ ƻƳƛǎǎƛƻƴǎΣ ŀƴŘ Ƴŀȅ ōŜ ƻǘƘŜǊǿƛǎŜ 
ǊŜƴŘŜǊŜŘ ƛƴŀŎŎǳǊŀǘŜ ŦƻǊ Ƴŀƴȅ ǊŜŀǎƻƴǎΣ ŀƴŘ [ŀǘǘƛŎŜ ŀǎǎǳƳŜǎ ƴƻ ƻōƭƛƎŀǘƛƻƴ ǘƻ ǳǇŘŀǘŜ ƻǊ ƻǘƘŜǊǿƛǎŜ ŎƻǊǊŜŎǘ ƻǊ ǊŜǾƛǎŜ ǘƘƛǎ ƛƴŦƻǊƳŀǘƛƻƴΦ tǊƻŘǳŎǘǎ ǎƻƭŘ ōȅ 
[ŀǘǘƛŎŜ ƘŀǾŜ ōŜŜƴ ǎǳōƧŜŎǘ ǘƻ ƭƛƳƛǘŜŘ ǘŜǎǘƛƴƎ ŀƴŘ ƛǘ ƛǎ ǘƘŜ .ǳȅŜǊϥǎ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ǘƻ ƛƴŘŜǇŜƴŘŜƴǘƭȅ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǎǳƛǘŀōƛƭƛǘȅ ƻŦ ŀƴȅ ǇǊƻŘǳŎǘǎ ŀƴŘ ǘƻ ǘŜǎǘ 
ŀƴŘ ǾŜǊƛŦȅ ǘƘŜ ǎŀƳŜΦ [!¢¢L/9 twh5¦/¢{ !b5 {9w±L/9{ !w9 bh¢ 59{LDb95Σ a!b¦C!/¢¦w95Σ hw ¢9{¢95 Chw ¦{9 Lb [LC9 hw {!C9¢¸ /wL¢L/![ 
{¸{¢9a{Σ I!½!w5h¦{ 9b±Lwhba9b¢{Σ hw !b¸ h¢I9w 9b±Lwhba9b¢{ w9v¦LwLbD C!L[π{!C9 t9wChwa!b/9Σ Lb/[¦5LbD !b¸ !tt[L/!¢Lhb Lb 
²IL/I ¢I9 C!L[¦w9 hC ¢I9 twh5¦/¢ hw {9w±L/9 /h¦[5 [9!5 ¢h 59!¢IΣ t9w{hb![ LbW¦w¸Σ {9±9w9 twht9w¢¸ 5!a!D9 hw 9b±Lwhba9b¢![ 
I!wa ό/h[[9/¢L±9[¸Σ ϦILDIπwL{Y ¦{9{ϦύΦ C¦w¢I9wΣ .¦¸9w a¦{¢ ¢!Y9 tw¦59b¢ {¢9t{ ¢h twh¢9/¢ !D!Lb{¢ twh5¦/¢ !b5 {9w±L/9 C!L[¦w9{Σ 
Lb/[¦5LbD twh±L5LbD !ttwhtwL!¢9 w95¦b5!b/L9{Σ C!L[π{!C9 C9!¢¦w9{Σ !b5κhw {I¦¢π5h²b a9/I!bL{a{Φ [!¢¢L/9 9·tw9{{[¸ 5L{/[!La{ 
!b¸ 9·tw9{{ hw Lat[L95 ²!ww!b¢¸ hC CL¢b9{{ hC ¢I9 twh5¦/¢{ hw {9w±L/9{ Chw ILDIπwL{Y ¦{9{Φ ¢ƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǇǊƻǾƛŘŜŘ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘ 
ƛǎ ǇǊƻǇǊƛŜǘŀǊȅ ǘƻ [ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊΣ ŀƴŘ [ŀǘǘƛŎŜ ǊŜǎŜǊǾŜǎ ǘƘŜ ǊƛƎƘǘ ǘƻ ƳŀƪŜ ŀƴȅ ŎƘŀƴƎŜǎ ǘƻ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ƻǊ ǘƻ ŀƴȅ ǇǊƻŘǳŎǘǎ ŀǘ 
ŀƴȅ ǘƛƳŜ ǿƛǘƘƻǳǘ ƴƻǘƛŎŜΦ 

Inclusive Language 
¢Ƙƛǎ ŘƻŎǳƳŜƴǘ ǿŀǎ ŎǊŜŀǘŜŘ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ [ŀǘǘƛŎŜ {ŜƳƛŎƻƴŘǳŎǘƻǊΩǎ ƛƴŎƭǳǎƛǾŜ ƭŀƴƎǳŀƎŜ ǇƻƭƛŎȅΦ Lƴ ǎƻƳŜ ŎŀǎŜǎΣ ǘƘŜ ƭŀƴƎǳŀƎŜ ƛƴ ǳƴŘŜǊƭȅƛƴƎ ǘƻƻƭǎ ŀƴŘ 
ƻǘƘŜǊ ƛǘŜƳǎ Ƴŀȅ ƴƻǘ ȅŜǘ ƘŀǾŜ ōŜŜƴ ǳǇŘŀǘŜŘΦ tƭŜŀǎŜ ǊŜŦŜǊ ǘƻ [ŀǘǘƛŎŜΩǎ ƛƴŎƭǳǎƛǾŜ ƭŀƴƎǳŀƎŜ C!v суту ŦƻǊ ŀ ŎǊƻǎǎ ǊŜŦŜǊŜƴŎŜ ƻŦ ǘŜǊƳǎΦ bƻǘŜ ƛƴ ǎƻƳŜ ŎŀǎŜǎ 
ǎǳŎƘ ŀǎ ǊŜƎƛǎǘŜǊ ƴŀƳŜǎ ŀƴŘ ǎǘŀǘŜ ƴŀƳŜǎ ƛǘ Ƙŀǎ ōŜŜƴ ƴŜŎŜǎǎŀǊȅ ǘƻ ŎƻƴǘƛƴǳŜ ǘƻ ǳǘƛƭƛȊŜ ƻƭŘŜǊ ǘŜǊƳƛƴƻƭƻƎȅ ŦƻǊ ŎƻƳǇŀǘƛōƛƭƛǘȅΦ 

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


CrossLinkU-NX USB Video Class  
Reference Design 
 
 

©  2025 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-RD-02306-1.1  3 

Contents 
Contents ............................................................................................................................................................................... 3 
Abbreviations in This Document........................................................................................................................................... 8 
1. Introduction .................................................................................................................................................................. 9 

1.1. Quick Facts .......................................................................................................................................................... 9 
1.2. Features .............................................................................................................................................................. 9 
1.3. Naming Conventions ......................................................................................................................................... 10 

1.3.1. Nomenclature............................................................................................................................................... 10 
1.3.2. Signal Names ................................................................................................................................................ 10 

2. Directory Structure and Files ...................................................................................................................................... 11 
3. Functional Description ................................................................................................................................................ 12 

3.1. Design Components .......................................................................................................................................... 12 
3.1.1. PLL ................................................................................................................................................................ 12 
3.1.2. USB23 Controller .......................................................................................................................................... 14 
3.1.3. AHB-Lite to LMMI Converter ........................................................................................................................ 14 
3.1.4. RISC-V Microcontroller ................................................................................................................................. 14 
3.1.5. System Memory ........................................................................................................................................... 15 
3.1.6. UART ............................................................................................................................................................. 16 
3.1.7. GPIO ............................................................................................................................................................. 17 
3.1.8. Lattice I2C Controller .................................................................................................................................... 18 
3.1.9. AHB-Lite Interconnect .................................................................................................................................. 19 
3.1.10. APB Interconnect .......................................................................................................................................... 23 
3.1.11. APB-Lite to APB Converter ........................................................................................................................... 24 
3.1.12. RX DPHY ........................................................................................................................................................ 25 
3.1.13. MIPI Packet Decoder .................................................................................................................................... 27 
3.1.14. Byte to Pixel .................................................................................................................................................. 27 
3.1.15. B2P to AXI Stream Conversion ..................................................................................................................... 27 
3.1.16. Debayer ........................................................................................................................................................ 27 
3.1.17. Color Correction Matrix ................................................................................................................................ 29 
3.1.18. AXI Stream to Parallel Conversion ................................................................................................................ 29 
3.1.19. Color Space Converter .................................................................................................................................. 29 
3.1.20. YUV422 to UVC Bridge ................................................................................................................................. 31 
3.1.21. IEBM In FIFO Interface .................................................................................................................................. 31 
3.1.22. In Endpoint Buffer Manager ......................................................................................................................... 31 
3.1.23. AHB-Lite to Memory Bridge ......................................................................................................................... 32 
3.1.24. USB23 to AXI Bridge ..................................................................................................................................... 32 
3.1.25. RAW10 Test Pattern Generator ................................................................................................................... 32 
3.1.26. YUV422 Test Pattern Generator ................................................................................................................... 32 
3.1.27. YUV422 Test Pattern In FIFO Bridge ............................................................................................................. 32 

3.2. Clocking Scheme ............................................................................................................................................... 32 
3.2.1. Clocking Overview ........................................................................................................................................ 32 

3.3. Reset Scheme .................................................................................................................................................... 33 
3.3.1. Reset Overview ............................................................................................................................................ 33 

4. IN Endpoint Buffer Manager Architecture .................................................................................................................. 34 
4.1. IP Ports and Parameters .................................................................................................................................... 34 

4.1.1. AHB-Lite Interface ........................................................................................................................................ 34 
4.1.2. AXI Interface ................................................................................................................................................. 34 
4.1.3. FIFO Interface ............................................................................................................................................... 35 
4.1.4. Miscellaneous Ports ..................................................................................................................................... 36 
4.1.5. User Configurable Parameters ..................................................................................................................... 36 

4.2. Register Offset Map .......................................................................................................................................... 36 
4.3. Register Details ................................................................................................................................................. 37 

4.3.1. IP_VERSION .................................................................................................................................................. 37 

http://www.latticesemi.com/legal


CrossLinkU-NX USB Video Class  
Reference Design 
 
 

©  2025 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-RD-02306-1.1  4 

4.3.2. SCRATCH ....................................................................................................................................................... 37 
4.3.3. INT_EN .......................................................................................................................................................... 37 
4.3.4. INT_SRC ........................................................................................................................................................ 38 
4.3.5. BUFR_CNFG .................................................................................................................................................. 38 
4.3.6. HW_PARAMS_INFO ...................................................................................................................................... 39 
4.3.7. CTRL .............................................................................................................................................................. 39 
4.3.8. BUFR_TRACKER_INFO .................................................................................................................................. 40 
4.3.9. BUFR_AVAILABILITY_INFO............................................................................................................................ 40 
4.3.10. BUFR_XCHNG_CTRL ..................................................................................................................................... 40 
4.3.11. SEL_BUFR_INFO_FOR_FW ............................................................................................................................ 41 
4.3.12. TIMESTAMP .................................................................................................................................................. 41 
4.3.13. VALID_LINES_IN_FRAME .............................................................................................................................. 42 

4.4. IN Endpoint Buffer Management Architecture ................................................................................................. 42 
4.5. Buffer Read and Write Management Flow ....................................................................................................... 42 

4.5.1. Buffer Write Flow ......................................................................................................................................... 42 
4.5.2. Buffer Read Flow .......................................................................................................................................... 43 

4.6. Core Operation .................................................................................................................................................. 45 
4.6.1. IP Core Configuration or Reconfiguration .................................................................................................... 45 
4.6.2. FIFO Write Operation ................................................................................................................................... 45 
4.6.3. FIFO Write Examples .................................................................................................................................... 47 

5. USB23 AXI Manager to Memory Interface Bridge ...................................................................................................... 50 
5.1. USB23 AXI Manager to Memory Bridge Architecture ....................................................................................... 50 
5.2. Block Description .............................................................................................................................................. 50 

5.2.1. AXI Subordinate Interface ............................................................................................................................ 50 
5.2.2. Address/Data Mux........................................................................................................................................ 50 
5.2.3. FIFO .............................................................................................................................................................. 50 
5.2.4. Read Data Mux ............................................................................................................................................. 50 
5.2.5. Memory 0 ..................................................................................................................................................... 51 
5.2.6. Memory 1 ..................................................................................................................................................... 51 
5.2.7. Memory 2 ..................................................................................................................................................... 51 

5.3. IP Core Port and Parameters ............................................................................................................................. 51 
5.3.1. Clock and Global Reset ................................................................................................................................. 51 
5.3.2. Native Memory Interface ............................................................................................................................. 51 
5.3.3. AXI4 Interface ............................................................................................................................................... 51 
5.3.4. Configurable Parameters.............................................................................................................................. 53 

6. UVC Reference Design Signal Description .................................................................................................................. 54 
7. Building the Reference Design .................................................................................................................................... 55 

7.1. Running Propel SDK Project .............................................................................................................................. 55 
7.1.1. Opening Propel SDK Project ......................................................................................................................... 55 
7.1.2. Navigating Propel SDK Project ...................................................................................................................... 56 
7.1.3. Generating Output MEM file ........................................................................................................................ 57 

7.2. Running Propel Builder Design .......................................................................................................................... 58 
7.2.1. Install IPs at Local from File .......................................................................................................................... 58 
7.2.2. Opening Propel Builder Design .................................................................................................................... 60 
7.2.3. Mapping Design with Firmware ................................................................................................................... 61 
7.2.4. Exporting Design to Lattice Radiant Software .............................................................................................. 63 

7.3. Running Radiant Project .................................................................................................................................... 63 
7.3.1. Opening Radiant Project .............................................................................................................................. 63 
7.3.2. Generating Bitstream File............................................................................................................................. 64 

8. LIFCL-33U Evaluation Board Programming ................................................................................................................. 66 
8.1. LIFCL-33U Evaluation Board Connection for Programming .............................................................................. 66 
8.2. Radiant Programmer GUI Setup ........................................................................................................................ 66 
8.3. Programming the Evaluation Board .................................................................................................................. 67 

9. Running the Reference Design on Evaluation Board .................................................................................................. 68 

http://www.latticesemi.com/legal


CrossLinkU-NX USB Video Class  
Reference Design 
 
 

©  2025 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-RD-02306-1.1  5 

9.1. LIFCL-33U Evaluation Board Connection ........................................................................................................... 68 
9.2. UVC Demonstration .......................................................................................................................................... 69 

10. Customizing the Reference Design ............................................................................................................................. 72 
10.1. Change the Camera Resolution ......................................................................................................................... 72 

10.1.1. Update the user_cnfg_param.v File ............................................................................................................. 72 
10.1.2. Update RISC-V Firmware .............................................................................................................................. 72 
10.1.3. Update Lattice Radiant IP Parameters Configuration .................................................................................. 74 

10.2. Steps to Enable YUV422 Test Pattern ............................................................................................................... 74 
10.3. Steps to Select Memory Type for the In Endpoint Buffer Manager .................................................................. 74 

10.3.1. Steps for IEBM Memory Type Selection ....................................................................................................... 74 
10.3.2. Firmware Modification ................................................................................................................................. 74 

10.4. Steps to Migrate from the FCCSP104 Package to the WLCSP84 Package ......................................................... 75 
10.4.1. Reference Clock Selection for USB Controller .............................................................................................. 75 
10.4.2. Firmware Configuration ............................................................................................................................... 75 

Appendix A. Resource Utilization ....................................................................................................................................... 77 
References .......................................................................................................................................................................... 78 
Technical Support Assistance ............................................................................................................................................. 79 
Revision History ................................................................................................................................................................... 80 

 

Figures 
Figure 2.1. Directory Structure ........................................................................................................................................... 11 
Figure 3.1. Reference Design Block Diagram ...................................................................................................................... 12 
Figure 3.2. PLL General Configuration ................................................................................................................................ 13 
Figure 3.3. PLL Optional Ports Configuration ...................................................................................................................... 14 
Figure 3.4. RISC-V MC IP Configuration .............................................................................................................................. 15 
Figure 3.5. System Memory General Configuration ........................................................................................................... 15 
Figure 3.6. System Memory Port S0 Configuration ............................................................................................................ 16 
Figure 3.7. System Memory Port S1 Configuration ............................................................................................................ 16 
Figure 3.8. UART Configuration .......................................................................................................................................... 17 
Figure 3.9. Hardware Version GPIO Configuration ............................................................................................................. 17 
Figure 3.10. Test Pattern Enable GPIO Configuration ........................................................................................................ 18 
Figure 3.11. Lattice I2C Controller Configuration ............................................................................................................... 19 
Figure 3.12. AHB-Lite Interconnect General Configuration ................................................................................................ 19 
Figure 3.13. AHB-Lite Interconnect Main Configuration .................................................................................................... 20 
Figure 3.14. AHB-Lite Interconnect Manager Priority Setting ............................................................................................ 21 
Figure 3.15. AHB-Lite Interconnect Max Burst Setting ....................................................................................................... 22 
Figure 3.16. APB Interconnect General Configuration ....................................................................................................... 23 
Figure 3.17. APB Interconnect Main Settings Configuration .............................................................................................. 24 
Figure 3.18. APB-Lite to APB Converter Configuration ....................................................................................................... 25 
Figure 3.19. RX DPHY General Configuration ..................................................................................................................... 25 
Figure 3.20. RX DPHY RX FIFO Configuration ...................................................................................................................... 26 
Figure 3.21. RX DPHY Soft PHY Configuration .................................................................................................................... 26 
Figure 3.22. Byte to Pixel IP Configuration ......................................................................................................................... 27 
Figure 3.23. Debayer Configuration.................................................................................................................................... 28 
Figure 3.24. Debayer Test Parameters Configuration ........................................................................................................ 28 
Figure 3.25. Color Correction Matrix Configuration ........................................................................................................... 29 
Figure 3.26. Color Space Converter Input/Coefficient Configuration ................................................................................. 30 
Figure 3.27. Color Space Converter Output Configuration ................................................................................................. 31 
Figure 3.28. IEBM IP Configuration ..................................................................................................................................... 32 
Figure 3.29. Reference Design Clock Domain Block Diagram ............................................................................................. 33 
Figure 3.30. Reference Design Reset Scheme Diagram ...................................................................................................... 33 
Figure 4.1. IN Endpoint Buffer Management Block Diagram.............................................................................................. 42 

http://www.latticesemi.com/legal


CrossLinkU-NX USB Video Class  
Reference Design 
 
 

©  2025 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-RD-02306-1.1  6 

Figure 4.2. Buffer Write Operation Flow ............................................................................................................................ 43 
Figure 4.3. Buffer Read Operation Flow ............................................................................................................................. 44 
Figure 4.4. FIFO Operation Example ς Writing 512 Bytes .................................................................................................. 47 
Figure 4.5. FIFO Operation Example ς Writing 1024 Bytes ................................................................................................ 47 
Figure 4.6. FIFO Operation Example ς Writing 513 Bytes .................................................................................................. 48 
Figure 4.7. FIFO Operation Example ς Writing 10 Bytes .................................................................................................... 48 
Figure 4.8. FIFO Operation Example ς Zero Length Packet Request .................................................................................. 48 
Figure 4.9. FIFO Operation Example ς Invalid IN FIFO Access ............................................................................................ 49 
Figure 5.1. USB23 AXI Bridge to Memory Bridge Architecture ........................................................................................... 50 
Figure 7.1. Launch Lattice Propel SDK ................................................................................................................................ 55 
Figure 7.2. Propel SDK Project Opened in Lattice Propel SDK ............................................................................................ 56 
Figure 7.3. Navigating the Propel SDK Project .................................................................................................................... 56 
Figure 7.4. Set Propel Build Configuration Mode ............................................................................................................... 57 
Figure 7.5. Launch the Project Building Process ................................................................................................................. 58 
Figure 7.6. Install IP from File ............................................................................................................................................. 59 
Figure 7.7. Accept IP License Agreement ........................................................................................................................... 59 
Figure 7.8. IPs Installed from Files ...................................................................................................................................... 60 
Figure 7.9. Open the Propel Builder Design ....................................................................................................................... 61 
Figure 7.10. Opening System Memory Module Block Wizard ............................................................................................ 61 
Figure 7.11. Mapping the System Memory Initialization File ............................................................................................. 62 
Figure 7.12. Base Address Assignment ............................................................................................................................... 62 
Figure 7.13. Export the Propel Builder Design to Radiant Software ................................................................................... 63 
Figure 7.14. Lattice Radiant Software ................................................................................................................................. 63 
Figure 7.15. Open the Radiant Design ................................................................................................................................ 64 
Figure 7.16. Generated Bitstream Log ................................................................................................................................ 65 
Figure 7.17. Place & Route Design Strategy ....................................................................................................................... 65 
Figure 8.1. Radiant Programmer GUI.................................................................................................................................. 66 
Figure 8.2. Program the Device .......................................................................................................................................... 67 
Figure 9.1. CrossLinkU-NX Evaluation Board Setup for Demonstration ............................................................................. 68 
Figure 9.2. USB Enumeration .............................................................................................................................................. 68 
Figure 9.3. Open Webcam/Other Device in PotPlayer ....................................................................................................... 69 
Figure 9.4. Video Output on PotPlayer ............................................................................................................................... 69 
Figure 9.5. Video Renderer Option ..................................................................................................................................... 70 
Figure 9.6. Playback/System Information ........................................................................................................................... 70 
Figure 9.7. Example of Video Information .......................................................................................................................... 71 
Figure 10.1. User Configuration Parameter File ................................................................................................................. 72 
Figure 10.2. Camera PLL Configurations ............................................................................................................................. 73 
Figure 10.3. Camera PLL Configurations ............................................................................................................................. 73 
Figure 10.4. Firmware Code to Enable the UYV422 Test Pattern ....................................................................................... 74 
Figure 10.5. Firmware Configurable Registers .................................................................................................................... 75 
Figure 10.6. USB Reference Clock Selection ....................................................................................................................... 76 

 

Tables 
Table 1.1. Summary of the Reference Design ...................................................................................................................... 9 
Table 2.1. File List ............................................................................................................................................................... 11 
Table 4.1. AHB-Lite Subordinate Interface ......................................................................................................................... 34 
Table 4.2. AXI Subordinate Interface .................................................................................................................................. 34 
Table 4.3. FIFO Interface ..................................................................................................................................................... 35 
Table 4.4. Miscellaneous Ports ........................................................................................................................................... 36 
Table 4.5. User Configurable Parameters ........................................................................................................................... 36 

http://www.latticesemi.com/legal


CrossLinkU-NX USB Video Class  
Reference Design 
 
 

©  2025 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-RD-02306-1.1  7 

Table 4.6. IEBM Register Offset Map .................................................................................................................................. 36 
Table 4.7. IP_VERSION, Offset = 0x00 ................................................................................................................................. 37 
Table 4.8. SCRATCH, Offset = 0x04 ..................................................................................................................................... 37 
Table 4.9. INT_EN, Offset = 0x08 ........................................................................................................................................ 37 
Table 4.10. INT_SRC, Offset = 0x0C .................................................................................................................................... 38 
Table 4.11. BUFR_CNFG, Offset = 0x10 .............................................................................................................................. 38 
Table 4.12. HW_PARAMS_INFO, Offset = 0x14 .................................................................................................................. 39 
Table 4.13. CTRL, Offset = 0x18 .......................................................................................................................................... 39 
Table 4.14. BUFR_TRACKER_INFO, Offset = 0x1C ............................................................................................................... 40 
Table 4.15. BUFR_AVAILABILITY_INFO, Offset = 0x20 ........................................................................................................ 40 
Table 4.16. BUFR_XCHNG_CTRL, Offset = 0x24 .................................................................................................................. 40 
Table 4.17. SEL_BUFR_INFO_FOR_FW, Offset = 0x28 ........................................................................................................ 41 
Table 4.18. TIMESTAMP_W0, Offset = 0x30 ....................................................................................................................... 41 
Table 4.19. TIMESTAMP_W0, Offset = 0x34 ....................................................................................................................... 42 
Table 4.20. BUFR_XCHNG_CTRL (Offset = 0x24) ................................................................................................................ 42 
Table 4.21. Input Ports Related to FIFO Write Operation .................................................................................................. 45 
Table 5.1. Clock and Reset Ports......................................................................................................................................... 51 
Table 5.2. Native Memory Interface Ports ......................................................................................................................... 51 
Table 5.3. AXI4 Interface Ports ........................................................................................................................................... 51 
Table 5.4. User Configurable Parameters ........................................................................................................................... 53 
Table 6.1. Primary I/O ......................................................................................................................................................... 54 
Table A.1. Resource Utilization for LIFCL-33U-9CTG104C .................................................................................................. 77 

 

http://www.latticesemi.com/legal


CrossLinkU-NX USB Video Class  
Reference Design 
 
 

©  2025 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-RD-02306-1.1  8 

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

Abbreviations Definition 

AXI4  Advanced Extensible Interface 4 

AHB  Advanced High-Performance Bus  

AHB-Lite Advanced High-Performance Bus  Lite  

APB  Advanced Peripheral Bus  

BTP Byte to Pixel 

CCM Color Correction Matrix 

CPU  Central Processing Unit  

CSI-2 Camera Serial Interface 2 

DMA Direct Memory Access 

FIFO  First In First Out  

FPGA Field Programmable Gate Array 

FPS Frame Per Second 

GPIO General Purpose Input/Output 

HAL Hardware Abstraction Layer 

IEBM In Endpoint Buffer Manager 

IEDS In Endpoint Data Source 

I2C Inter-Integrated Circuit 

INT Interrupt 

IP Intellectual Property 

IRQ Interrupt Request 

ISP Image Signal Processing 

LED  Light Emitting Diode  

LMMI Lattice Memory Mapped Interface 

MC Microcontroller  

MIPI Mobile Industry Processor Interface 

PC Personal Computer 

PLL Phase-Locked Loop 

RAM Random Access Memory 

RGB Red Green Blue 

RISC-V  Reduced Instruction Set Computer  CƛǾŜ 

RTL Register Transfer Level 

SCL Serial Clock Line 

SDA Serial Data Line 

SPI Serial Peripheral Interface 

TDP True Dual Port 

TRB  Transfer Request Block  

UART  Universal Asynchronous Receiver/Transmitter  

USB Universal Serial Bus 

UVC USB Video Class 
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1. Introduction 
The Lattice Semiconductor CrosslinkUϰ-NX USB Video Class (UVC) reference design provides you with a template for 
video streaming from a camera sensor, utilizing the USB hard IP in a CrosslinkU-NX device. 

1.1. Quick Facts 
Download the reference design files from the UVC reference design web page. 

Table 1.1. Summary of the Reference Design 

General 
Target Devices LIFCL-33U 

Source Code Format C code, RTL 

Simulation 

Functional Simulation  Not supported. 

Timing Simulation Not supported. 

Hardware Validation Fully validated. 

Software Requirements 

Software Tool and Version 

¶ Lattice Propelϰ SDK 2024.2 

¶ Lattice Propel Builder 2024.2 

¶ Lattice Radiantϰ Software Version 2024.2 

¶ Lattice Radiant Programmer Version 2024.2 

Propel Soft IP Version 

¶ RISC-V MC Version 2.7.0 

¶ System Memory Version 2.3.0 

¶ AHB-Lite Interconnect Version 1.3.2 

¶ AHB-Lite to APB Bridge Version 1.1.2 

¶ AHB-Lite Feedthrough Version 1.0.0 

¶ APB Interconnect Version 1.2.1 

¶ GPIO Version 1.6.2 

¶ I2C Controller Version 2.0.1 

¶ UART Version 1.3.0 

Radiant Soft IP Version 

¶ Byte to Pixel Converter Version 1.7.0 

¶ Color Space Converter Version 2.2.0 

¶ Debayer Version 1.2.2 

¶ CSI-2/DSI D-PHY Receiver Version 1.7.0 

¶ FIFO_DC Version 2.3.0 

Hardware Requirements 

Board LIFCL-33U-EVN Evaluation Board REV-B 

Camera Sensor Raspberry PI Camera Module V2 

Cable 
¶ USB C to USB C cable, or USB C to USB A 9-pin cable 

¶ USB A to Micro USB cable 

 

1.2. Features 
Key features of the CrosslinkU-NX USB Video Class reference design include: 

¶ Soft Mobile Industry Processor Interface (MIPI) D-PHY and Camera Serial Interface (CSI-2) for image sensor 
aggregation. The Lattice Semiconductor D-PHY Receiver IP converts CSI-2 data to 8-bit data. 

¶ The Lattice Semiconductor Byte-to-Pixel Converter IP converts CSI-2 standard based video payload packets from  
the D-PHY Receiver module output to pixel format. 

¶ The Lattice Semiconductor Debayer IP converts raw image data into an RGB image. 

¶ Hardware USB IP for USB video class to stream the video from the image sensor to a PC through USB Type C 
connector. 

¶ This reference design primarily targets the Raspberry PI Camera Module 2.  
Refer to https://www.raspberrypi.com/products/camera-module-v2/ for more information. 
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1.3. Naming Conventions 

1.3.1. Nomenclature 

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

1.3.2. Signal Names 
¶ _n are active low, asserted when value is logic 0. 

¶ _i are input signals. 

¶ _o are output signals. 
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2. Directory Structure and Files 
Figure 2.1 shows the directory structure. 

Contains Hardware Abstraction Layer (HAL) drivers for Lattice USB23 UVC device. 

Contains RTL source code for usb23_axi_bridge and video_ip. 

Contains Lattice IP Packagers for iebm, ahbl_to_lmmi_bridge, 
ahbl_to_mem_bridge, and ahbl_to_axi4lite. 

Contains Bitstream files. 

Contains Lattice Radiant Project file.

Lattice Radiant implementation folder.

Contains RISC-V firmware for different mode.

Contains top level RTL files for the UVC reference design.

Contains the Lattice Propel SDK Project for RISC-V USB enumeration firmware 
and the .mem file for System Memory.

Contains Lattice Propel Builder Project for the UVC reference design.

Contains the download link for usbtreeview utility and potplayer utility.
 

Figure 2.1. Directory Structure 

¢ŀōƭŜ нΦм ǎƘƻǿǎ ǘƘŜ ƭƛǎǘ ƻŦ ŦƛƭŜǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǊŜŦŜǊŜƴŎŜ ŘŜǎƛƎƴ ǇŀŎƪŀƎŜΦ 

Table 2.1. File List 

Attribute  Description 

<Component name>.ipx This file contains the information on the files associated to the generated IP. 

<Component name>.cfg This file contains the parameter values used in IP configuration. 

component.xml Contains the ipxact:component information of the IP. 

design.xml Documents the configuration parameters of the IP in IP-XACT 2014 format. 

rtl/<Component name>.v This file provides an example RTL top file that instantiates the module. 

rtl/<Component name>_bb.v This file provides the synthesis closed box. 

misc/<Component name>_tmpl.v 
misc /<Component name>_tmpl.vhd 

These files provide instance templates for the module. 
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3. Functional Description 
The top-level block diagram of the CrosslinkU-NX USB Video Class reference design is shown in Figure 3.1 below. 
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Figure 3.1. Reference Design Block Diagram 

3.1. Design Components 
The CrosslinkU-NX USB Video Class reference design includes blocks described in the following sections, from PLL to 
YUV422 Test Pattern In FIFO Bridge. 

3.1.1. PLL 

To operate some modules, a 60 MHz clock and a 72 MHz clock are needed. These clock signals can be generated from a 
60 MHz input clock produced by the on-board crystal oscillator, and a Phase-Locked Loop (PLL) is utilized to do this. The 
PLL generates the 60 MHz clock and a 72 MHz clock signals, which are then routed to the submodules for further 
processing. MIPI RX-DPHY and the whole system operate at 72 MHz. USB23 PHY operates at 60 MHz PLL clock and all 
the Image Signal Processing (ISP) blocks operate on the MIPI byte clock.  

Figure 3.2 and Figure 3.3 show the general and optional ports configuration of the PLL IP.  
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Figure 3.2. PLL General Configuration 
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Figure 3.3. PLL Optional Ports Configuration 

3.1.2. USB23 Controller 

This is the USB23 Device Controller hardened IP. This IP communicates with the system memory through the Advanced 
eXtensible Interface 4 (AXI4) to Advanced High-Performance Bus  Lite (AHB-Lite) convertor module. 

The AXI Direct Memory Access (DMA) Controller of the USB23 Controller is connected to two different memories 
through the AXI Interconnect Bridge. 

¶ For Bulk transfer, the USB controller fetches data from the In Endpoint Buffer Manager (IEBM) moduleΩs data 
Random Access Memory (RAM). This RAM is not shared with any other controller and/or RISC-V processor. 

¶ For all other operations, the USB controller talks to the system memory, which is shared with the RISC-V processor. 

This kind of architecture helps to achieve higher Bulk throughput. 

3.1.3. AHB-Lite to LMMI Converter 

The USB23 controller register interface can be configured through its Lattice Memory Mapped Interface (LMMI). Since 
RISC-V MC supports only the AHB-Lite interface, we need an AHB-Lite to LMMI converter. 

3.1.4. RISC-V Microcontroller 

All the serial peripheral blocks are connected to the RISC-V MC soft processor through the AHB-Lite interface. The  
RISC-V MC CPU IP processes data and instructions while monitoring external interrupts coming from the USB23 
controller and IEBM core. The RISC-V MC processor configuration is shown in Figure 3.4 below.  
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Figure 3.4. RISC-V MC IP Configuration 

3.1.5. System Memory 

This IP is a soft IP for memory which is used by the RISC-V MC processor. The processor reads the instructions stored in 
this memory through the AHB-Lite interface and takes actions accordingly. This IP has two interfaces, AHB-Lite and 
AXI4, through which the manager can communicate with it. The AHB-Lite interface is used to communicate with the 
RISC-V processor. The System Memory IP configuration is shown in Figure 3.5, Figure 3.6, and Figure 3.7. 

 

Figure 3.5. System Memory General Configuration 
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Figure 3.6. System Memory Port S0 Configuration 

 

Figure 3.7. System Memory Port S1 Configuration 

3.1.6. UART 

The RISC-V MC processor can communicate with the UART and GPIO cores through its Advanced Peripheral Bus (APB) 
interface. Hence, the UART and GPIO cores are connected to the soft processor through the AHB-Lite to APB Bridge. 
Generally, the UART IP performs serial-to-parallel conversion on data characters received from a peripheral UART 
device. The IP performs parallel-to-serial conversion on data characters received from the host through an APB 
interface. In this reference design, the host is the RISC-V processor inside the FPGA. The UART IP configuration is shown 
in Figure 3.8. 
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Figure 3.8. UART Configuration 

3.1.7. GPIO 

There is a 32-bit input GPIO, the hardware version GPIO, to monitor the FPGA design version for a particular release. 
The hardware version GPIO IP configuration is shown in Figure 3.9.  

 

Figure 3.9. Hardware Version GPIO Configuration 
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Also, there is a 2-bit output GPIO, that is, the test pattern enable GPIO. This GPIO is used to select the data either from 
the camera sensor RX DPHY or MIPI RAW10 Test Pattern Generator, and Image Signal Processing stream or YUV422 
Test Pattern Generator. The test pattern enable GPIO IP configuration shown in Figure 3.10. 

 

Figure 3.10. Test Pattern Enable GPIO Configuration 

3.1.8. Lattice I2C Controller 

This is a Lattice I2C Controller IP used to communicate with any I2C target device. With this IP, you can perform I2C 
write, I2C read, and I2C write followed by read operation on the I2C target device connected to it. In this design, the 
RISC-V MC processor configures the MIPI Camera Sensor register through this I2C Controller IP. The I2C Controller IP 
configuration is shown in Figure 3.11. 
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Figure 3.11. Lattice I2C Controller Configuration 

3.1.9. AHB-Lite Interconnect 

This IP provides the communicating interface between RISC-V soft processor and peripherals that support AHB-Lite 
interface, such as System Memory and AHB-Lite to LMMI Bridge. The AHB-Lite Interconnect module configuration is 
shown in the following figures, from Figure 3.12 to Figure 3.15. 

 

Figure 3.12. AHB-Lite Interconnect General Configuration 
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Figure 3.13. AHB-Lite Interconnect Main Configuration 
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Figure 3.14. AHB-Lite Interconnect Manager Priority Setting 
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Figure 3.15. AHB-Lite Interconnect Max Burst Setting 
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3.1.10. APB Interconnect 

This IP provides the communicating interface between the RISC-V MC soft processor and other slow peripherals that 
support the APB interface, such as UART and GPIO. APB interconnect configuration is shown in Figure 3.16 and  
Figure 3.17. 

 

Figure 3.16. APB Interconnect General Configuration 
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Figure 3.17. APB Interconnect Main Settings Configuration 

3.1.11. APB-Lite to APB Converter 

The AHB-Lite to APB Bridge provides an interface between the AHB-Lite manager and APB completer. Read and write 
transfers on the AHB are converted into equivalent transfers on the APB. The AHB-Lite to APB Converter IP 
configuration is shown in Figure 3.18. 
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Figure 3.18. APB-Lite to APB Converter Configuration 

3.1.12. RX DPHY 

¢ƘŜ aLtL ŎŀƳŜǊŀ ǎŜƴǎƻǊΩǎ Řŀǘŀ that you receive is in serial form. Hence, this IP converts those serial data into parallel 
by following the MIPI CSI-2 protocol. The RX DPHY IP configuration is shown in Figure 3.19, Figure 3.20, and Figure 3.21. 

 

Figure 3.19. RX DPHY General Configuration 
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Figure 3.20. RX DPHY RX FIFO Configuration 

 

Figure 3.21. RX DPHY Soft PHY Configuration 
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3.1.13. MIPI Packet Decoder 

This module decodes the data packet coming from the camera sensor. These packets may include data, control, 
synchronization, or configuration information. After decoding the packets, the RAW10 data is passed to the Byte to 
Pixel IP. 

3.1.14. Byte to Pixel  

This module converts the incoming RAW10 data into the pixel format. It receives raw bytes from a parser and 
rearranges them to output pixels. This module outputs 2-pixels in one clock cycle with valid signal. Each pixel is of  
10-bit. The configuration of the Byte to Pixel IP is shown in Figure 3.22. 

 

Figure 3.22. Byte to Pixel IP Configuration 

3.1.15. B2P to AXI Stream Conversion 

This module converts the pixel data according to the AXI Stream protocol to meet Lattice Debayer AXI Stream input 
requirement. Therefore, this module acts as a bridge between Lattice Byte to Pixel and Lattice Debayer IPs. 

3.1.16. Debayer 

The image sensor outputs pixel data in the Bayer format. In order to extract the R, G, and B components from Bayer 
data, we need the Debayer function. The Debayer converts raw10 image data into an RGB component. The Debayer IP 
configuration is shown in Figure 3.23 and Figure 3.24. 
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Figure 3.23. Debayer Configuration 

 

 

Figure 3.24. Debayer Test Parameters Configuration 
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3.1.17. Color Correction Matrix 

To obtain the correct colors, the pixels need to be mapped from sensor RGB color space to standard RGB color space. 
This linear mapping of the color components is achieved by using a 3x3 matrix, called color correction matrix (CCM). 
The configuration of the CCM IP is shown in Figure 3.25. 

 

Figure 3.25. Color Correction Matrix Configuration 

3.1.18. AXI Stream to Parallel Conversion 

This module converts the AXI Stream protocol signal to parallel data. In this design, this module acts as a bridge 
between Lattice Debayer IP and Lattice CSC IP. 

3.1.19. Color Space Converter 

The Color Space Converter IP block converts RGB data into the YUV format and its configuration is shown in Figure 3.26 
and Figure 3.27. 
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Figure 3.26. Color Space Converter Input/Coefficient Configuration 

http://www.latticesemi.com/legal


CrossLinkU-NX USB Video Class  
Reference Design 
 
 

©  2025 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-RD-02306-1.1  31 

 

Figure 3.27. Color Space Converter Output Configuration 

3.1.20. YUV422 to UVC Bridge 

This module features an internal DC-FIFO called YUV422 FIFO, designed to store incoming YUV422 data along with 
associated data indicator codes. This write interface of this FIFO works on the pixel clock and the read interface works 
on the same clock as the IEBM. The YUV422 FIFO plays a critical role in managing and buffering video data, ensuring 
smooth data flow and processing. 

3.1.21. IEBM In FIFO Interface 

When the IEBM block grants permission to write the data, the IN FIFO controller module initiates the process. It reads 
the data from the YUV FIFO, where the video data is temporarily stored. Before writing this data into the IEBM buffers, 
the IN FIFO controller adds a two-byte UVC header at the start of each frame. Once the header is appended, the 
combined data, the header plus the YUV data, is written into the IEBM buffers. 

3.1.22. In Endpoint Buffer Manager  

The IEBM is responsible for managing the IN endpoint buffers for the USB23 controller. It handles the efficient and 
orderly flow of video data from the camera sensor or a test pattern generator. The data is written into different buffers 
sequentially through the FIFO interface. Once the data is available in these buffers, the USB23 controller reads it 
through the AXI interface. The entire process, from managing the FIFO writes to facilitating the AXI reads, is managed 
by this IEBM module. For more details about IEBM IP, refer to the IN Endpoint Buffer Manager Architecture section. 
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Figure 3.28. IEBM IP Configuration  

3.1.23. AHB-Lite to Memory Bridge 

This block helps RISC-V data manager to access the True Dual-Port (TDP) memory, which is dedicated for USB 
operations. This block converts the AHB-Lite subordinate signal into the native memory controller interface signals. 

3.1.24. USB23 to AXI Bridge 

The USB23 to AXI Bridge block helps the USB23 controller to access various memories. USB23 controller has an AXI 
manager interface while this block has an AXI subordinate interface. This converts AXI subordinate signals into native 
memory controller interface signals. This block also acts as a decoder to select appropriate memory-based input 
address. 

3.1.25. RAW10 Test Pattern Generator 

This block generates the RAW10 format color bar test pattern. 

3.1.26. YUV422 Test Pattern Generator 

This block generates the YUV422 solid color test pattern. 

3.1.27. YUV422 Test Pattern In FIFO Bridge 

This bridge receives the YUV422 solid color pattern from the Video Pattern Generator module, adds UVC header at the 
start of frame, and writes it into the IEBM buffer when the IEBM module allows for write. 

3.2. Clocking Scheme 
The CrosslinkU-NX USB Video Class Reference Design uses a PLL to generate the 72 MHz system clock, 72 MHz pixel 
clock for image signal processing, and 60 MHz USBPHY clock. All these clocks are generated from the 60 MHz crystal 
oscillator on LIFCL-33U Evaluation Board. 

3.2.1. Clocking Overview 

An overview of the CrosslinkU-NX USB Video Class Reference Design clocking scheme is shown in Figure 3.29. 
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Figure 3.29. Reference Design Clock Domain Block Diagram  

3.3. Reset Scheme 
Synchronize resets are generated for each clock domain from the PLL lock signal and corresponding PLL clock outputs.  

3.3.1. Reset Overview 

An overview of the CrosslinkU-NX USB Video Class Reference Design clocking scheme is shown in Figure 3.30. 
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Figure 3.30. Reference Design Reset Scheme Diagram  
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4. IN Endpoint Buffer Manager Architecture 
This section provides technical information about the IEBM IP. 

4.1. IP Ports and Parameters 
This section provides details of the IEBM IP ports and interface. 

4.1.1. AHB-Lite Interface 

This interface is used to access the registers of the IP. This AHB-Lite subordinate must be connected to the processor. 
This interface is synchronous to the AHB-Lite clock, ahbl_clk. Table 4.1 describes ports of the AHB-Lite subordinate 
interface. 

Table 4.1. AHB-Lite Subordinate Interface 

 

4.1.2. AXI Interface 

This subordinate ƛƴǘŜǊŦŀŎŜ ƛǎ ǳǎŜŘ ǘƻ ǊŜŀŘ ǘƘŜ Řŀǘŀ ŦǊƻƳ LtΩǎ data memory. This interface is synchronous to the AXI 
clock, axi_clk. Table 4.2 describes ports of the AXI subordinate interface. 

Table 4.2. AXI Subordinate Interface 

Signal Name Width Direction Description 

ahbl_clk 1 Input AHB-Lite clock 

ahbl_reset_n 1 Input AHB-Lite reset, active low 

ahbl_haddr_i 8 Input AHB-Lite address 

ahbl_hburst_i 3 Input AHB-Lite burst type 

ahbl_hmastlock_i 1 Input AHB-Lite manager lock 

ahbl_hprot_i 4 Input AHB-Lite protection control 

ahbl_hready_i 1 Input AHB-Lite ready 

ahbl_hsel_i 1 Input AHB-Lite subordinate select 

ahbl_hsize_i 3 Input AHB-Lite size 

ahbl_htrans_i 2 Input AHB-Lite transfer type 

ahbl_hwdata_i 32 Input AHB-Lite write data 

ahbl_hwrite_i 1 Input 
AHB-Lite transfer direction. When HIGH, this signal indicates a write 
transfer. When LOW, it indicates a read transfer. 

ahbl_hrdata_o 32 Output AHB-Lite read data 

ahbl_hreadyout_o 1 Output AHB-Lite ready out, indicates the transfer has finished on the bus. 

ahbl_hresp_o 1 Output Valid lines in the One Frame register 

Signal Name Width Direction Description 

axi_clk 1 Input AXI clock 

axi_reset_n 1 Input AXI reset, active low 

axi_to_mem_araddr_i 81 Input AXI Read address 

axi_to_mem_arburst_i 2 Input AXI Read burst type 

axi_to_mem_arid_i 8 Input AXI Read address ID 

axi_to_mem_arlen_i 8 Input AXI Read burst length 

axi_to_mem_arsize_i 3 Input AXI Read burst size 

axi_to_mem_arvalid_i 1 Input AXI Read address valid 

axi_to_mem_arready_o 3 Output AXI Read address ready 

axi_to_mem_awaddr_i 81 Input AXI Write address 

axi_to_mem_awburst_i 2 Input AXI Write burst type 

axi_to_mem_awid_i 8 Input AXI Write address ID 
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Note:  

1. AXI Address width and data width are configurable. Based on the corresponding selection, this value changes. Depending on 
the FIFO data width selection, this value also changes. For example, if the selected FIFO data width is 16, this value is 2. If the 
selected FIFO data width is 32, this value is 4. If the selected FIFO data width is 64, this value is 8. 

4.1.3. FIFO Interface 

This interface is used to communicate with the external FIFO controller, efm. The external FIFO controller can read or 
write into the ŜƴŘǇƻƛƴǘΩǎ ōǳŦŦŜǊ ǳǎƛƴƎ ǘƘƛǎ CLCh ƛƴǘŜǊŦŀŎŜΦ ¢Ƙƛǎ ƛƴǘŜǊŦŀŎŜ ƛǎ ǎȅƴŎƘǊƻƴƻǳǎ ǘƻ the external FIFO controller, 
clock, efm_clk. Table 4.3 describes ports of the FIFO interface. Refer to the FIFO Write Operation section for more 
detail. 

Table 4.3. FIFO Interface 

Notes:  

1. FIFO data width is configurable. Based on the corresponding selection, this value changes. 

2. Depending upon FIFO data width selection, this value changes. For example, if the selected FIFO data width is 16, this value is 2. 
If the selected FIFO data width is 32, this value is 4. If the selected FIFO data width is 64, this value is 8. 

Signal Name Width Direction Description 

axi_to_mem_awlen_i 8 Input AXI Write burst length 

axi_to_mem_awsize_i 3 Input AXI Write burst size 

axi_to_mem_awvalid_i 1 Input AXI Write address valid 

axi_to_mem_awready_o 1 Output AXI Write address ready 

axi_to_mem_wdata_i 64 Input AXI Write data 

axi_to_mem_wlast_i 1 Input AXI Write last 

axi_to_mem_wstrb_i 8 Input AXI Write strobe 

axi_to_mem_wvalid_i 1 Input AXI Write valid 

axi_to_mem_wready_o 1 Output AXI Write ready 

axi_to_mem_bready_i 1 Input AXI Write response ready 

axi_to_mem_bid_o 8 Output AXI Write response ID 

axi_to_mem_bresp_o 2 Output AXI Write response 

axi_to_mem_bvalid_o 1 Output AXI Write response valid 

axi_to_mem_rready_i 1 Input AXI Read ready 

axi_to_mem_rdata_o 64 Output AXI Read data 

axi_to_mem_rid_o 8 Output AXI Read ID 

axi_to_mem_rlast_o 1 Output AXI Read last 

axi_to_mem_rresp_o 2 Output AXI Read response 

axi_to_mem_rvalid_o 1 Output AXI Read valid 

Signal Name Width Direction Description 

ieds_clk 1 Input External FIFO controller clock 

ieds_fifo_wr_req_i 1 Input Write request 

ieds_fifo_wr_data_i 321 Input Write data 

ieds_fifo_wr_byte_en_i 42 Input Byte enable 

ieds_hand_over_partial_filled_fifo_pl_i 1 Input Partial transfer request pulse 

ieds_zero_len_xfer_req_pl_i 1 Input Zero length transfer request pulse 

ieds_fifo_invalid_access_o 1 Output Invalid FIFO access 

ieds_fifo_wr_full_o 1 Output FIFO is full. 

ieds_fifo_wr_almost_full_o 1 Output FIFO is almost full. 

ieds_fifo_wr_allowed_o 1 Output Write is allowed. 

ieds_none_bufr_pending_o 1 Output No buffer is pending. 

ieds_fifo_being_flushed_o 1 Output FIFO is being flushed. 

ieds_fifo_bytes_can_be_written_o 10 Output Number of bytes that can be written 
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4.1.4. Miscellaneous Ports 

Table 4.4 describes the miscellaneous ports of the IP. 

Table 4.4. Miscellaneous Ports 

Signal Name Width Direction Description 

timestamp_i 64 Input Timestamp value 

valid_lines_per_frame_i 13 Input This indicates the valid lines in one frame. 

first_bufr_in_xfer_i 1 Input First buffer in transfer indication 

last_bufr_in_xfer_i 3 Input Last buffer in transfer indication 

 

4.1.5. User Configurable Parameters 

Table 4.5 provides the list of the user configurable parameters for the IP. 

Table 4.5. User Configurable Parameters 

Parameter Description 

IEBM_AXI4_ADDR_WIDTH_I This parameter defines the address width of the AXI interface. 

IEBM_AXI4_DATA_WIDTH_I 
This parameter defines the read and write data width of AXI4 interface. 

Valid values: 32, 64, and 128 

IEBM_AXI4_BYTE_EN_WIDTH_I 
This parameter defines the byte enable width of the AXI interface. 

Calculated based on the IEBM_AXI4_DATA_WIDTH_I/8 

IEBM_AHBL_ADDR_WIDTH_I This parameter defines the address width of the AHB-Lite interface. 

IEBM_AHBL_DATA_WIDTH_I 
This parameter defines the read and write data width of AHB-Lite interface. 

Valid values: 32 

IEBM_HW_MAX_BUFRS_I 
This parameter defines the number of total buffers allocated for hardware. 

Valid values: 1 to 15 

IEBM_HW_SINGLE_BUFR_SIZE_I 

This parameter defines the In Endpoint Buffer MŀƴŀƎŜǊΩǎ ǎƛƴƎƭŜ ōǳŦŦŜǊ ŘŜǇǘƘ ƛƴ 
terms of bytes. 

Valid values: 1 to 4096 

IEBM_BUFR_WR_DATA_WIDTH_I 

This parameter defines the In Endpoint Buffer MŀƴŀƎŜǊΩǎ ǿǊƛǘŜ Řŀǘŀ ǿƛŘǘƘ ƛƴ ǘŜǊƳǎ 
of bits. 

Valid values: 32, 64, 128 

IEBM_BUFR_WR_BYTE_EN_WIDTH_I 
This parameter defines ǘƘŜ Lƴ 9ƴŘǇƻƛƴǘ .ǳŦŦŜǊ aŀƴŀƎŜǊΩǎ write data width. 

Valid values: 4, 8, 16 

IEBM_IP_MAJOR_VER_I This parameter defines the major version for the IP. 

IEBM_IP_MINOR_VER_I This parameter defines the minor version for the IP. 

 

4.2. Register Offset Map 
This section provides a register offset map for the IN Endpoint Buffer Manager IP. 

Table 4.6. IEBM Register Offset Map 

Register Offset Description 

IP_VERSION 0x00 IP version register 

SCRATCH 0x04 Scratch register 

INT_EN 0x08 Interrupt enable register 

INT_SRC 0x0C Interrupt source register 

BUFR_CNFG 0x10 Buffer configuration register 

HW_PARAMS_INFO 0x14 Hardware parameters information register 

CTRL 0x18 Control register 

BUFR_TRACKER_INFO 0x1C Buffer tracker information register 
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Register Offset Description 

BUFR_AVAILABILITY_INFO 0x20 Buffer availability information register 

BUFR_XCHNG_CTRL 0x24 Buffer exchange control register 

SEL_BUFR_INFO_FOR_FW 0x28 Selected buffer information for firmware register 

Reserved 0x2C Reserved 

TIMESTAMP_W0 0x30 Timestamp lower bytes register 

TIMESTAMP_W1 0x34 Timestamp upper bytes register 

VALID_LINES_IN_FRAME 0x38 Valid Lines in one frame register 

 

4.3. Register Details 

4.3.1. IP_VERSION 

This register contains information about the IP version. 

Table 4.7. IP_VERSION, Offset = 0x00 

Bit Access Default Value Description 

31:24 RO 
Varies upon IP 

release 
IP major version 

23:16 RO 
Varies upon IP 

release 
IP minor version 

15:0 RO 0x0 Reserved 

 

4.3.2. SCRATCH 

This register can be used for testing and debugging purposes. When being read, the register returns the same value 
that is written to it. 

Table 4.8. SCRATCH, Offset = 0x04 

Bit Access Default Value Description 

31:0 RW 0x0 

This field can be used for testing and debugging purposes. When being read, the 
register returns the same value that is written to it. 

Typically, this is used to check whether firmware is able to communicate with the IP 
properly or not during the initial design development phase.  

 

4.3.3. INT_EN 

This register indicates the interrupt enable which controls the reporting of interrupt to the software. It contains direct 
mapping to the INT_SRC register. When a bit is set and the corresponding interrupt is active. 

Table 4.9. INT_EN, Offset = 0x08 

Bit Access Default Value Description 

31:1 RO 0x0 Reserved  

0 RW 0x0 

Enable buffer available to firmware for processing interrupt. 

1: Enable buffer available to firmware for processing interrupt. 

0: Disable buffer available to firmware for processing interrupt. 
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4.3.4. INT_SRC 

This register indicates the interrupt source, defining the events that determine the interrupt generation.  

Table 4.10. INT_SRC, Offset = 0x0C 

 

4.3.5. BUFR_CNFG 

This register allows firmware to configure buffer parameters according to different requirements. Firmware shall 
update this register upon steps such as initialization, configuration, or reconfiguration. 

Warning: The firmware shall modify this register only when Configured Flag is zero. Failing to meet this requirement 
may cause unexpected behavior. 

Table 4.11. BUFR_CNFG, Offset = 0x10 

 

  

Bit Access Default Value Description 

31:1 RO 0x0 Reserved  

0 RO 0x0 

Buffer available to firmware for processing interrupts. 

This field indicates that there is at least one buffer available to firmware for 

further processing. 

This field remains high as long as no_of_bufrs_pending_to_be_processed_by_fw is 
not zero. 

Bit Access Default Value Description 

31:22 RO 0x0 Reserved  

21:17 RW HW_MAX_BUFRS 

FW_ALLOCATED_TOTAL_BUFRS 

This field defines the total number of buffers allocated by the firmware for this 
endpoint. 

This field must be less than or equal to HW_MAX_BUFRS, the hardware parameter 
which describes maximum buffers that can be used for this endpoint. 

This field shall not be zero. 

Typically, the firmware should use maximum buffers allowed by hardware design, 
that is, upon HW_MAX_BUFRS. The firmware may use a smaller number for 
debugging purposes. 

16:0 RW 
HW_SINGLE_BUFR

_MAX_DEPTH 

FW_ALLOCATED_SINGLE_BUFR_DEPTH 

This field defines single buffer depth in terms of bytes 

This field must be less than or equal to HW_SINGLE_BUFR_MAX_DEPTH, the 
hardware parameter that defines the maximum depth of a single buffer in terms of 
bytes. 

This field should not be zero. 

This field must be in multiples of the endpoint's maximum packet size. This 

ensures data packet to be sent on the USB bus is not split across multiple buffers. 

Examples: 

(1) Suppose HW_SINGLE_BUFR_MAX_DEPTH is 2048 and endpoint's 

maximum packet size is 512 bytes. In this case, valid values for this field are: 

512, 1024, 1536, and 2048. 

(2) Suppose HW_SINGLE_BUFR_MAX_DEPTH is 512 and endpoint's 

maximum packet size is 64 bytes. In this case, valid values for this field are: 

64, 128, 192, 256, 320, 384, 448, and 512. 

(3) Suppose HW_SINGLE_BUFR_MAX_DEPTH is 4096 and endpoint's 

maximum packet size is 700 bytes. In this case, valid values for this field are: 

700, 1400, 2100, 2800, and 3500 
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4.3.6. HW_PARAMS_INFO 

This register contains information about parameters set in the hardware design. 

Table 4.12. HW_PARAMS_INFO, Offset = 0x14 

Bit Access Default Value Description 

31:28 RO 
Based on the 

hardware 
parameters 

HW_MAX_BUFRS 

This field indicates the hardware parameter value that describes the maximum 
buffers that can be used for this endpoint. 

27 RO 0x0 Reserved 

26:10 RO 
Based on the 

hardware 
parameters 

HW_SINGLE_BUFR_MAX_DEPTH  

This field indicates the hardware parameter value that defines the maximum depth 
of a single buffer in terms of bytes. 

This field shall be in multiples of 8. 

9:8 RO 0x0 Reserved 

7:0 RO 
Based on the 

hardware 
parameters 

HW_FIFO_DATA_WIDTH  

This field indicates the hardware parameter value for the data width of FIFO interface 
in terms of bits. 

 

4.3.7. CTRL 

This register is used by the firmware to control the bridge IPΩǎ functionality. The firmware shall access this register for 
IP initialization, configuration, or reconfiguration steps. 

Table 4.13. CTRL, Offset = 0x18 

  

Bit Access Default Value Description 

31:2 RO 0x0 Reserved 

1 RW 0x0 

Flush Buffers flush_bufrs 

The firmware sets this field to request the bridge IP to flush corresponding 

buffers. Upon detecting this field going high, the IP takes the following 

actions: 

1. Resets the IN Endpoint Buffer Manager Buffer Tracker and Firmware Buffer 
Tracker to 0.  

2. Loads the number of buffers available to the IN Endpoint Buffer Manager with a 
value equal to the FW_ALLOCATED_TOTAL_BUFRS field. 

3. Resets the number of buffers pending to be processed by the firmware to 0. 

4. Resets other appropriate local variables. 

5. Asserts one signal for 10 clock cycles of the FIFO clock to indicate to the IN 
Endpoint Buffer Manager about the re-initialization process. That block should 
reinitialize its local variables for a fresh start. 

6. After this, the IP resets this field. 
The firmware can only write 1 to this field. Writing 0 has no effect. This field is 
automatically cleared by the IP. 

0 RW 0x0 

Configured 

This field indicates the firmware has configured or reconfigured the bridge IP and the 

IN endpoint data supplier block can now access the FIFO interface. 

The firmware shall configure or reconfigure the bridge IP every time the 
corresponding endpoint is configured or re-initialized. Typically, the endpoint is 
configured or re-initialized upon the following requests: SET configuration, SET 
interface, and Clear feature of Endpoint Halt. 
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4.3.8. BUFR_TRACKER_INFO 

This register is used to track buffer pointers. 

Table 4.14. BUFR_TRACKER_INFO, Offset = 0x1C 

Bit Access Default Value Description 

31:4 RO 0x0 Reserved 

3:0 RO 0x0 

Firmware Buffer Tracker fw_bufr_tracker 

This field indicates the buffer which is either being accessed or is to be accessed by 
firmware. 

This field is incremented by one once one buffer is processed by the firmware. This rolls 
over to 0 once it reaches the value that equals FW_ALLOCATED_TOTAL_BUFRS. In other 
words, the value of this field is in the range 0 to (FW_ALLOCATED_TOTAL_BUFRS-1). 

This is reset to 0 when the flush buffers bit of the control register is set. 

 

4.3.9. BUFR_AVAILABILITY_INFO 

This register is used to get information about buffer availability. 

Table 4.15. BUFR_AVAILABILITY_INFO, Offset = 0x20 

Bit Access Default Value Description 

31:5 RO 0x0 Reserved 

4:0 RO 0x0 

Number of buffers pending to be processed by firmware 
no_of_bufrs_pending_to_be_processed_by_fw 

This field indicates the number of buffers that are yet to be processed by the firmware. 

Upon initialization or re-initialization, this field is reset to 0. 

This is incremented by one once one buffer is handed over by the IN Endpoint Buffer 
Manager to the firmware. 

This is decremented by one once one buffer is processed by the firmware. For example, 
the corresponding transfer request block (TRB) is submitted to the USB23 IP. 

 

4.3.10. BUFR_XCHNG_CTRL 

This register is used to exchange buffers between the IP and the firmware. 

Table 4.16. BUFR_XCHNG_CTRL, Offset = 0x24 

Bit Access Default Value Description 

31:2 RO 0x0 Reserved 

1 RW 0x0 

Handover Buffer to IN Endpoint Buffer Manager handover_bufr_to_iebm 

The firmware sets this bit when it receives information from the USB23 IP that this buffer 
has been consumed. Upon detecting this, the number of buffers available to IN Endpoint 
Buffer Manager increments by 1. 

This bit is auto-cleared by the IP. 

1 RW 0x0 

Firmware processed one buffer fw_processed_one_bufr 

The firmware sets this bit when it has processed one buffer. In other words, when it has 
submitted corresponding TRB to the USB IP. Upon detecting this, the number of buffers 
pending to be processed by firmware field decrements by 1 and the Firmware Buffer 
Tracker field increments by 1. 

This bit is auto-cleared by the IP. 
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4.3.11. SEL_BUFR_INFO_FOR_FW 

This register indicates the selected buffer information to the firmware. 

Table 4.17. SEL_BUFR_INFO_FOR_FW, Offset = 0x28 

Bit Access Default Value Description 

31:23 RO 0x0 Reserved 

22 RO 0x0 

First buffer in transfer indicator 

The firmware knows whether the handed over buffer from the external controller is the 
first buffer in the transfer or not. 

0: The selected buffer is not the first buffer in transfer. 

1: This is the first buffer in the transfer. 

21 RO 0x0 

Last buffer in transfer indicator 

Firmware knows whether the handed over buffer from the external controller is 

the last buffer in the transfer or not. 

0: The selected buffer is not the last buffer in transfer. 

1: This is the last buffer in the transfer. 

20:4 RO 0x0 Buffer size 

3:0 RO 0x0 

Selected buffer number, same value as Firmware Buffer Tracker 

The firmware can use this to find offset. 

Buffr_Offset = MEMORY_BASE_ADDRESS + (Selected buffer number * 
HW_ALLOCATED_SINGLE_BUFR_DEPTH) 

For Example: 

The selected buffer number or Firmware Buffer Tracker is 2. 
HW_ALLOCATED_SINGLE_BUFR_DEPTH is 4096. 

MEMORY_BASE_ADDRESS is 0. 

Buffr_Offset = 8192. 

 

4.3.12. TIMESTAMP 

The use case of this register is to know the current time of the ongoing transfer operation. The timestamp register is a 
64-bit register. Hence, two separate 32-bit registers are used for the timestamp register. This is in terms of clock cycles. 
The firmware reads this register and calculates the current time based on the operating clock frequency. 

¶ TIMESTAMP_W0  Timestamp lower word register 

¶ TIMESTAMP_W1  Timestamp upper word register 

See the example below.  

If this register shows the value of 1055275, which is 0x00101A2B in hexadecimal, with TIMESTAMP_W0 = 0x1A2B and 
TIMESTAMP_W1 = 0x0010, and the operating clock frequency is 60 MHz, giving a clock period of 11.11 ns,  
then the current time can be calculated as follows: 

 TIMESTAMP * (clock period) = 1055275 * 11.11 ns = 11.724 ms.  

4.3.12.1. TIMESTAMP_W0 

Timestamp lower word register, 32 bits. 

Table 4.18. TIMESTAMP_W0, Offset = 0x30 

Bit Access Default Value Description 

31:0 RO 0x0 
Timestamp_w0 

This indicates the lower 32 bits of information for the current timestamp value. 
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4.3.12.2. TIMESTAMP_W1 

Timestamp upper word register, 32 bits. 

Table 4.19. TIMESTAMP_W0, Offset = 0x34 

 

4.3.13. VALID_LINES_IN_FRAME 

This register provides information regarding the total number of lines that have been received and written into the 
buffers. 

Table 4.20. BUFR_XCHNG_CTRL (Offset = 0x24) 

Bit Access Default Value Description 

31:13 RO 0x0 Reserved 

12:0 RO 0x0 

active_lines_in_frame 

This indicates the total number of lines that have been received and written into the 
buffers. 

 

4.4. IN Endpoint Buffer Management Architecture 
The buffer management architecture is shown in Figure 4.1 below. 

IN Endpoint Buffer Manager

IN Endpoint 
Data Supplier FIFO 

Interface

IN Buffer 
Write Gate Memory 

Interface

Data RAM 
(Dual Clock) Memory 

Interface

AXI 
Subordinate

Size 
RAMMemory 

Interface

Register 
Interface

NX33U 
USB23 

Controller

LMMI
<>

AHB-Lite

AHB-Lite

RISC-V 
ProcessorAHB-Lite 

Interface

LMMI

AXI4 
Interface

 

Figure 4.1. IN Endpoint Buffer Management Block Diagram  

4.5. Buffer Read and Write Management Flow 
This section describes how one buffer is written into the data RAM and read from data RAM. Buffer data is written by 
the IN Endpoint Buffer Manager and it is read back from data RAM by the CrosslinkU-NX USB23 controller. 

4.5.1. Buffer Write Flow 

The buffer write operation contains the following steps: 

Bit Access Default Value Description 

31:0 RO 0x0 
Timestamp_w1 

This indicates the upper 32 bits of information for the current timestamp value. 
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1. ¢ƘŜ Lb CLCh ǿǊƛǘŜ ƎŀǘŜ ƳƻŘǳƭŜ ŎƘŜŎƪǎ ǿƘŜǘƘŜǊ ǘƘŜ ōǳŦŦŜǊ ƛǎ ŀǾŀƛƭŀōƭŜ ƻǊ ƴƻǘΦ ²ƘŜƴ ȅƻǳ ŜȄŀƳƛƴŜ ǘƘŜ ǿǊƛǘŜ ŀƭƭƻǿŜŘ 
ǎƛƎƴŀƭΣ ƛŜŘǎψŦƛŦƻψǿǊψŀƭƭƻǿŜŘψƻΣ ƛŦ ƛǘ ƛǎ ƘƛƎƘΣ ƛǘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ŀŎŎŜǎǎ ƛǎ ƎǊŀƴǘŜŘ ǘƻ ǘƘŜ Lb 9ƴŘǇƻƛƴǘ .ǳŦŦŜǊ 
aŀƴŀƎŜǊΦ 

2. hƴŎŜ ŀŎŎŜǎǎ ƛǎ ƎǊŀƴǘŜŘ ōȅ ǘƘŜ Lb CLCh ǿǊƛǘŜ ŀŎŎŜǎǎ ƎŀǘŜ ƳƻŘǳƭŜΣ Lb 9ƴŘǇƻƛƴǘ .ǳŦŦŜǊ aŀƴŀƎŜǊ ǎǘƻǊŜǎ ǘƘŜ Řŀǘŀ ƛƴǘƻ 
ǘƘŜ Lb 5ŀǘŀ w!a ǳƴǘƛƭ ƻƴŜ ōǳŦŦŜǊ ōŜŎƻƳŜǎ ŦǳƭƭΦ 

3. ²ƘŜƴ ƻƴŜ ōǳŦŦŜǊ ōŜŎƻƳŜǎ ŦǳƭƭΣ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ōǳŦŦŜǊ ƭŜƴƎǘƘ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ǎǘƻǊŜŘ ƛƴ ǘƘŜ {ƛȊŜ w!aΦ !ƭǎƻΣ ǘƘŜ 
ŎƻǊǊŜǎǇƻƴŘƛƴƎ ōǳŦŦŜǊπǊŜƭŀǘŜŘ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ǳǇŘŀǘŜŘ ƛƴ ǘƘŜ ǊŜƎƛǎǘŜǊǎΦ 

4. ¦Ǉƻƴ ŎƻƳǇƭŜǘƛƻƴΣ ǘƘŜ ƛƴǘŜǊǊǳǇǘΣ .ǳŦŦŜǊ !ǾŀƛƭŀōƭŜ ǘƻ ŦƛǊƳǿŀǊŜ ŦƻǊ ǇǊƻŎŜǎǎƛƴƎΣ ƛǎ ƎŜƴŜǊŀǘŜŘΦ 

5. hƴŎŜ ǘƘŜ ƛƴǘŜǊǊǳǇǘ ƛǎ ƎŜƴŜǊŀǘŜŘΣ ƧǳƳǇ ǘƻ ǎǘŜǇ мΦ 

The flow chart below shows how one buffer is written into the data RAM (Figure 4.2). 

Endpoint Buffer Processing Flow

Is buffer available 
for write?

Write data into Data RAM

Yes

No

Is buffer filled?
No

Yes

Store buffer size 
into the Size RAM

Generate the 
"Buffer Available to firmware for processing" 

interrupt

Update some variables

Note: Click on each colored arrow to 
jump to the related flow.

RISC-V Flow

Update Local Variables

 

Figure 4.2. Buffer Write Operation Flow  

4.5.2. Buffer Read Flow 

Once one buffer is written into the Data RAM, the corresponding interrupt and buffer information is updated in the 
register through the register interface module. Below are the steps for the RISC-V firmware to process one buffer. 

1. ¢ƘŜ .ǳŦŦŜǊ !ǾŀƛƭŀōƭŜ ǘƻ ŦƛǊƳǿŀǊŜ ŦƻǊ ǇǊƻŎŜǎǎƛƴƎ ƛƴǘŜǊǊǳǇǘ ƛǎ ƎŜƴŜǊŀǘŜŘΦ ¢Ƙƛǎ ƛƴǘŜǊǊǳǇǘ ǊŜƳŀƛƴǎ ƘƛƎƘ ǳƴǘƛƭ 
ƴƻψƻŦψōǳŦǊǎψǇŜƴŘƛƴƎψǘƻψōŜψǇǊƻŎŜǎǎŜŘψōȅψŦǿ ƛǎ ƴƻǘ ȊŜǊƻΦ 

2. ¢ƘŜ ŦƛǊƳǿŀǊŜ ǊŜŀŘǎ ǘƘŜ ƴƻψƻŦψōǳŦǊǎψǇŜƴŘƛƴƎψǘƻψōŜψǇǊƻŎŜǎǎŜŘψōȅψŦǿ ŦƛŜƭŘ ŦǊƻƳ ǘƘŜ .ǳŦŦŜǊ !Ǿŀƛƭŀōƛƭƛǘȅ 
LƴŦƻǊƳŀǘƛƻƴ ǊŜƎƛǎǘŜǊ ŀƴŘ ǎǘƻǊŜǎ ƛǘ ƛƴǘƻ ǘƘŜ ƭƻŎŀƭ ǾŀǊƛŀōƭŜ ŎŀƭƭŜŘ ōǳŦǊψŀǾŀƛƭψŦƻǊψŦǿψǇǊƻŎŜǎǎƛƴƎΦ 

3. ¢ƘŜ ŦƛǊƳǿŀǊŜ ŎƘŜŎƪǎ ǿƘŜǘƘŜǊ ǘƘŜ ōǳŦǊψŀǾŀƛƭψŦƻǊψŦǿψǇǊƻŎŜǎǎƛƴƎ ƛǎ ȊŜǊƻ ƻǊ ƴƻǘΦ LŦ ƛǘ ƛǎ ȊŜǊƻΣ ƛǘ ƳŜŀƴǎ ǘƘŜ ǿƘƻƭŜ ¢w. 
ƻŦ ǘƘŜ ōǳŦŦŜǊ Ƙŀǎ ōŜŜƴ ƛƴƛǘƛŀǘŜŘ ōȅ ǘƘŜ ŦƛǊƳǿŀǊŜΦ Dƻ ǘƻ ǎǘŜǇ м ŀƴŘ ǿŀƛǘ ŦƻǊ ŀƴ ƛƴǘŜǊǊǳǇǘΦ 
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4. LŦ ǘƘŜ ōǳŦǊψŀǾŀƛƭψŦƻǊψŦǿψǇǊƻŎŜǎǎƛƴƎ ǾŀǊƛŀōƭŜ ƛǎ ƴƻǘ ȊŜǊƻΣ ǘƘŀǘ ƳŜŀƴǎ ǘƘŜ ŦƛǊƳǿŀǊŜ ƴŜŜŘǎ ǘƻ ǇǊŜǇŀǊŜ ǘƘŜ ¢w.Φ 

5. CƻǊ ¢w.Σ ǘƘŜ ŦƛǊƳǿŀǊŜ ƴŜŜŘǎ ǘǿƻ ŦƛŜƭŘǎΦ ¢ƘŜ ŦƛǊǎǘ ƛǎ ǘƘŜ ¢w. ǎǘŀǊǘƛƴƎ ŀŘŘǊŜǎǎ ǘƘŀǘ ƛǎ ŘŜŎƛŘŜŘ ǳǇƻƴ ǘƘŜ ōǳŦŦŜǊ 
ƴǳƳōŜǊΦ ¢ƘŜ ǎŜŎƻƴŘ ƛǎ ǘƘŜ ¢w. ǎƛȊŜΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ōǳŦŦŜǊ ǎƛȊŜ ŦƛŜƭŘ ƻŦ ǘƘŜ {9[ψ.¦CwψLbChψChwψC² ǊŜƎƛǎǘŜǊΦ IŜƴŎŜΣ 
wŜŀŘ ǘƘŜ {9[ψ.¦CwψLbChψChwψC² ǊŜƎƛǎǘŜǊ ǘƻ ƪƴƻǿ ǘƘŜ ōǳŦŦŜǊ ǎƛȊŜ ŀƴŘ ōǳŦŦŜǊ ƴǳƳōŜǊΦ ²ƛǘƘ ǘƘƛǎ ƛƴŦƻǊƳŀǘƛƻƴΣ ǘƘŜ 
ŦƛǊƳǿŀǊŜ ƴŜŜŘǎ ǘƻ ǇǊŜǇŀǊŜ ǘƘŜ ¢w. ŦƻǊ ǘƘŜ ǎŜƭŜŎǘŜŘ ōǳŦŦŜǊΦ 

6. {Ŝǘ ǘƘŜ CƛǊƳǿŀǊŜ tǊƻŎŜǎǎŜŘ ƻƴŜ ōǳŦŦŜǊ ōƛǘ ƛƴ ǘƘŜ .ǳŦŦŜǊ 9ȄŎƘŀƴƎŜ /ƻƴǘǊƻƭ ǊŜƎƛǎǘŜǊΦ 

7. 5ŜŎǊŜƳŜƴǘ ǘƘŜ ƭƻŎŀƭ ǾŀǊƛŀōƭŜ ōǳŦǊψŀǾŀƛƭψŦƻǊψŦǿψǇǊƻŎŜǎǎƛƴƎ ōȅ м ŀƴŘ ƧǳƳǇ ōŀŎƪ ǘƻ ǎǘŜǇ оΦ 

8. Lƴ ǇŀǊŀƭƭŜƭ ǘƻ ǘƘƛǎΣ hƴŎŜ ǘƘŜ Řŀǘŀ ǇŀŎƪŜǘ ƛǎ ǎŜƴǘ ŦǊƻƳ ǘƘŜ ¦{.но ŎƻƴǘǊƻƭƭŜǊ ǘƻ ¦{. Ih{¢Σ ǘƘŜ Ƙƻǎǘ ǎŜƴŘǎ ǘƘŜ !/Y ƛƴ 
ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ Řŀǘŀ ǇŀŎƪŜǘ ōŜƛƴƎ ǎŜƴǘΦ !ŦǘŜǊ ǘƘŀǘΣ ǘƘŜ ¦{.но ŎƻƴǘǊƻƭƭŜǊ ƎŜƴŜǊŀǘŜǎ ŀƴ ȄŦŜǊ ŎƻƳǇƭŜǘŜ ŜǾŜƴǘΦ .ŀǎŜŘ 
ƻƴ ǘƘŀǘ ŜǾŜƴǘΣ ǘƘŜ ŦƛǊƳǿŀǊŜ ǎƘƻǳƭŘ ǎŜǘ ǘƘŜ ƘŀƴŘƻǾŜǊψōǳŦǊψǘƻψ ƛŜōƳ ōƛǘΦ 

The flow chart below shows how one buffer is read from the data RAM (Figure 4.3). 

Buffer Processing Flow for RISC-V
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No
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bufrs_avail_for_fw_processing - = 1
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Bulk IN 
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Color Conversions

Local variables defined in firmware

Register fields
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Figure 4.3. Buffer Read Operation Flow  
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4.6. Core Operation 
This section describes how firmware can configure and reconfigure buffers. 

4.6.1. IP Core Configuration or Reconfiguration 

To configure or reconfigure the IP:  

1. 5ƛǎŀōƭŜ ƛƴǘŜǊǊǳǇǘ ƎŜƴŜǊŀǘƛƻƴ ōȅ ǿǊƛǘƛƴƎ л ǘƻ ǘƘŜ Lb¢ψ9b ǊŜƎƛǎǘŜǊΦ 

2. wŜǎŜǘ ǘƘŜ /ƻƴŦƛƎǳǊŜŘ ōƛǘ ƛƴ ǘƘŜ /¢w[ ǊŜƎƛǎǘŜǊΦ 

3. [ƻŀŘ ǘƘŜ CƛǊƳǿŀǊŜ .ǳŦŦŜǊ /ƻƴŦƛƎǳǊŀǘƛƻƴ ǊŜƎƛǎǘŜǊ ǿƛǘƘ ŀǇǇǊƻǇǊƛŀǘŜ ǾŀƭǳŜǎΦ 

4. {Ŝǘ ǘƘŜ CƭǳǎƘ ōǳŦŦŜǊǎ ōƛǘ ƛƴ ǘƘŜ /¢w[ ǊŜƎƛǎǘŜǊΦ 

5. tƻƭƭ ǳƴǘƛƭ ǘƘŜ CƭǳǎƘ ōǳŦŦŜǊǎ ōƛǘ ƛƴ ǘƘŜ /¢w[ ǊŜƎƛǎǘŜǊ ƛǎ ǊŜǎŜǘ ōȅ ǘƘŜ LtΦ 

6. LŦ ǘƘŜ ŦƛǊƳǿŀǊŜ Ǉƭŀƴǎ ǘƻ ǳǎŜ ǘƘŜ ƛƴǘŜǊǊǳǇǘ ƳƻŘŜΣ ŜƴŀōƭŜ ƛƴǘŜǊǊǳǇǘ ƎŜƴŜǊŀǘƛƻƴ ōȅ ǿǊƛǘƛƴƎ ŀǇǇǊƻǇǊƛŀǘŜ ǾŀƭǳŜ ǘƻ ǘƘŜ 
Lb¢ψ9b ǊŜƎƛǎǘŜǊΦ 

7. {Ŝǘ ǘƘŜ /ƻƴŦƛƎǳǊŜŘ ōƛǘ ƛƴ ǘƘŜ /¢w[ ǊŜƎƛǎǘŜǊΦ 

4.6.2. FIFO Write Operation 

This section describes how In Endpoint Data Source (IEDS) performs FIFO write operation. Table 4.21 describes ports 
that are used during FIFO write operation. 

Table 4.21. Input Ports Related to FIFO Write Operation 

Port Direction Description 

Ieds_fifo_wr_req_i Input 

Write Request 

Assert this signal to request write operation. 

Do not assert this signal if any of following conditions is true: 

¶ FIFO is being flushed  ieds_fifo_being_flushed_o is high. 

¶ FIFO is full  ieds_fifo_wr_full_o is high. 

¶ FIFO write operation is not allowed  ieds_fifo_wr_allowed_o is low. 

ieds_fifo_wr_data_i Input 

Write Data 

It holds the data to be written in the FIFO when the write request is 
asserted. 

ieds_fifo_wr_byte_en_i Input 

Write Byte Enable 

It holds the byte enable bits when the write request is asserted. 

Make sure the following conditions are met: 

¶ This is intended to be used only during partial transfer. 

¶ In all other cases, all bits in this signal must be kept asserted when the 
write request is high. 

Note: During partial transfer, if the number of bytes to be written is 
less than the data width of the bus, all bytes must be adjacent and 
start from the least significant position only. 

For example, you want to write 0xABCD as the last transfer on the  
32-bit bus. ieds_fifo_wr_data_i is 0x0000ABCD and 
ieds_fifo_wr_byte_en_i is 0x3. ieds_fifo_wr_byte_en_i must not be 
other than 0x3. 

ieds_hand_over_partial_filled_fifo_pl_i Input 

Hand Over Partially Filled FIFO Pulse 

Assert the signal for one clock cycle to hand over the partially filled buffer. 
It means, whenever the last data has been written into FIFO and the 
ieds_fifo_wr_full_o signal is low on the next clock cycle of it, this signal 
must be asserted for one clock cycle. 

Make sure the following conditions are met: 

¶ This must be an active high pulse of a single clock cycle. 

¶ Once you assert this signal, the buffer is handed over to the firmware 
for processing and ieds_fifo_wr_allowed_o goes low after one clock 
cycle. Wait for the ieds_fifo_wr_allowed_o signal to go high again 
before initiating the next write operation. 
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Port Direction Description 

ieds_zero_len_xfer_req_pl_i Input 

Zero Length Packet Transfer Pulse 

Assert the signal for one clock cycle to transfer zero length packet. In a 
special case, when the last data has been written into the FIFO and 
ieds_fifo_wr_full_o signal becomes high at the next clock cycle, it is 
mandatory to assert this signal for one clock cycle when 
ieds_fifo_wr_allowed_o becomes high again. 

ieds_fifo_wr_full_o Output 

Full 

When asserted, the IN FIFO is considered full. 

Note: Do not perform write operation when the FIFO is full. 

ieds_fifo_wr_almost_full_o Output 

Almost Full 

Asserted when there is a space for only single write operation. It is used as 
an early indication of the full signal. 

ieds_fifo_wr_allowed_o Output 

Write Allowed 

Asserted when FIFO write operation is allowed. This signal would go low 
for one clock cycle after either ieds_fifo_wr_full_o, or 
ieds_hand_over_partial_filled_fifo_pl_i, or ieds_zero_len_xfer_req_pl_i 
goes high. This signal also goes low when ieds_zero_len_xfer_req_pl_i 
goes high. 

Make sure the following conditions are simultaneously met: 

¶ The Configured bit of the CTRL register of this IP is set by the 
firmware. 

¶  At least one buffer is available with the FIFO controller, In Endpoint 
Data Source, to write data. 

Example: 

Assume four buffers are available to n FIFO controller, the In Endpoint 
Data Source. After the first buffer is written by IEDS and the FIFO full signal 
goes high, this signal goes low. It takes around three to four efm_clk clock 
cycles to go high again. During this period, the first buffer is handed over 
to the firmware and the buffer pointer switches to the next buffer. Same 
as the first buffer, once you write the second buffer and FIFO full signal 
goes high, this signal goes low again for three to four efm_clk clock cycles. 
Thus, if all buffers are filled in this manner, this signal goes low and would 
go high again only when at-least one buffer is sent by the USB device 
against the IN request from the USB host.  

Notes: 

¶ Once FIFO is full and this signal is low, it takes around three to four 
clock cycles of the FIFO clock to go HIGH again if at-least one buffer is 
available to the IEDS. 

¶ Do not perform write operation when this signal is low. 

ieds_fifo_invalid_access_o Output 

Invalid Access Pulse 

Asserted when IN FIFO is being accessed improperly. 

The following are the conditions considered as invalid access to the FIFO. 

¶ Data is being written into the FIFO while write operation is not 
allowed. That is, ieds_fifo_wr_req_i is high while 
ieds_fifo_wr_allowed_o is low. 

¶ Data is being written into FIFO when FIFO is full. That is, 
ieds_fifo_wr_req_i is high while ieds_fifo_wr_full_o is high. 

ieds_none_bufr_pending_o Output 

None Buffer Pending 

Asserted when there is no buffer pending for processing. This can be used 
to know whether there is any buffer pending to be transmitted or not. 

ieds_fifo_being_flushed_o Output 

FIFO Being Flushed 

This signal is asserted during the IP initialization process. This indicates the 
FIFO is being flushed. All buffers are available to the external FIFO 
controller once FIFO is flushed. 

Note: Do not perform write operation when this signal is high. 
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4.6.3. FIFO Write Examples 

This section contains examples showing different cases for FIFO write operations, such as full transfer and partial 
transfer. For these examples, the following configuration is used: 

¶ USB 2.0 speed 

¶ 9ƴŘǇƻƛƴǘΩǎ ƳŀȄƛƳǳƳ ǇŀŎƪŜǘ ǎƛȊŜΥ рмн ōȅǘŜǎ 

¶ Number of IEBM buffers: 4 

¶ Write data width: 32 bits 

Some typical FIFO write operation examples are shown in Figure 4.4 to Figure 4.9. 

ieds_clk

ieds_fifo_being_flushed_o

ieds_none_bufr_pending_o

ieds_fifo_wr_allowed_o

ieds_fifo_bytes_can_be_written_o

ieds_fifo_wr_full_o

ieds_fifo_wr_almost_full_o

ieds_fifo_invalid_access_o

ieds_fifo_wr_req_i

ieds_fifo_wr_data_i

ieds_fifo_wr_byte_en_i

ieds_hand_over_partial_filled_fifo_pl_i

ieds_zero_len_xfer_req_pl_i

Writing 512 bytes  

Figure 4.4. FIFO Operation Example ς Writing 512 Bytes 

ieds_clk

ieds_fifo_being_flushed_o

ieds_none_bufr_pending_o

ieds_fifo_wr_allowed_o

ieds_fifo_bytes_can_be_written_o

ieds_fifo_wr_full_o

ieds_fifo_wr_almost_full_o

ieds_fifo_invalid_access_o

ieds_fifo_wr_req_i

ieds_fifo_wr_data_i

ieds_fifo_wr_byte_en_i

ieds_hand_over_partial_filled_fifo_pl_i

ieds_zero_len_xfer_req_pl_i

Writing 1024 bytes  

Figure 4.5. FIFO Operation Example ς Writing 1024 Bytes 

Port Direction Description 

ieds_fifo_bytes_can_be_written_o Output 

Number of Bytes That Can Be Written 

This indicates the number of bytes that can be written in the FIFO. An IEDS 
can use this information to know how many bytes can be written until the 
FIFO becomes full. 

Note: This is considered valid only when ieds_fifo_wr_allowed_o is high. 
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ieds_clk

ieds_fifo_being_flushed_o

ieds_none_bufr_pending_o

ieds_fifo_wr_allowed_o

ieds_fifo_bytes_can_be_written_o

ieds_fifo_wr_full_o

ieds_fifo_wr_almost_full_o

ieds_fifo_invalid_access_o

ieds_fifo_wr_req_i

ieds_fifo_wr_data_i

ieds_fifo_wr_byte_en_i

ieds_hand_over_partial_filled_fifo_pl_i

ieds_zero_len_xfer_req_pl_i

Writing 513 bytes  

Figure 4.6. FIFO Operation Example ς Writing 513 Bytes 

ieds_clk

ieds_fifo_being_flushed_o

ieds_none_bufr_pending_o

ieds_fifo_wr_allowed_o

ieds_fifo_bytes_can_be_written_o

ieds_fifo_wr_full_o

ieds_fifo_wr_almost_full_o

ieds_fifo_invalid_access_o

ieds_fifo_wr_req_i

ieds_fifo_wr_data_i

ieds_fifo_wr_byte_en_i

ieds_hand_over_partial_filled_fifo_pl_i

ieds_zero_len_xfer_req_pl_i

Writing 10 bytes
 

Figure 4.7. FIFO Operation Example ς Writing 10 Bytes 

ieds_clk

ieds_fifo_being_flushed_o

ieds_none_bufr_pending_o

ieds_fifo_wr_allowed_o

ieds_fifo_bytes_can_be_written_o

ieds_fifo_wr_full_o

ieds_fifo_wr_almost_full_o

ieds_fifo_invalid_access_o

ieds_fifo_wr_req_i

ieds_fifo_wr_data_i

ieds_fifo_wr_byte_en_i

ieds_hand_over_partial_filled_fifo_pl_i

ieds_zero_len_xfer_req_pl_i

Transmitting zero length packet  

Figure 4.8. FIFO Operation Example ς Zero Length Packet Request 
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ieds_clk

ieds_fifo_being_flushed_o

ieds_none_bufr_pending_o

ieds_fifo_wr_allowed_o

ieds_fifo_bytes_can_be_written_o

ieds_fifo_wr_full_o

ieds_fifo_wr_almost_full_o

ieds_fifo_invalid_access_o

ieds_fifo_wr_req_i

ieds_fifo_wr_data_i

ieds_fifo_wr_byte_en_i

ieds_hand_over_partial_filled_fifo_pl_i

ieds_zero_len_xfer_req_pl_i

Invalid IN Endpoint FIFO Access  

Figure 4.9. FIFO Operation Example ς Invalid IN FIFO Access 
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5. USB23 AXI Manager to Memory Interface Bridge 
This section describes the architecture, functionality, and other technical information of the USB23 AXI manager to 
memory interface bridge. This bridge enables the conversion of AXI4 transfer signals into the native memory interface, 
which is crucial for performing read and write operations with the True Dual Port RAM. The USB23 CPU utilizes this 
path to access data provided by the RISC-V processor. Furthermore, the bridge offers a secondary memory interface, 
allowing the USB23 controller to retrieve data from the IEBM data RAM. 

5.1. USB23 AXI Manager to Memory Bridge Architecture 
The architecture of the USB23 AXI manager to memory bridge is shown in Figure 5.1. 

USB23 AXI to Memory Bridge

Memory 2
Native Interface

Memory 1
Native Interface

Memory 0
Native Interface

Write 
Manager

Memory 2

Read 
Manager

Memory 1

Write 
Manager

Read 
Manager

Memory 0

Read 
Data 
Mux

FIFO 
(2k 

depth)

Address
/Data 
Mux

AXI 
Subordinate 

Interface

USB23 
AXI4 

Interface

AXI AXI

 

Figure 5.1. USB23 AXI Bridge to Memory Bridge Architecture 

5.2. Block Description 
The functional blocks are described in the following sections. 

5.2.1. AXI Subordinate Interface 

The AXI subordinate interface is connected to the AXI4 bus of the USB23 device controller. 

5.2.2. Address/Data Mux 

This block is responsible for decoding the write address or read address of the specific memory block. 

5.2.3. FIFO 

This FIFO acts as the intermediate storage when the AXI manager is not ready to accept data. The FIFO size is 2048 KB, 
256 in Depth and with 64 bits Data Width. 

5.2.4. Read Data Mux 

This block is responsible for decoding the memory block that requires a read operation based on the read address. 
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5.2.5. Memory 0 

This block contains both a write manager and a read manager, enabling it to perform both write and read operations. 

5.2.6. Memory 1 

This block contains a read manager, which is designed to handle read operations. 

5.2.7. Memory 2 

This block contains a read manager, which is designed to handle read operations. 

5.3. IP Core Port and Parameters 
This section provides details of the USB23 AXI manager to Memory Bridge IP ports and interface. 

5.3.1. Clock and Global Reset 

Table 5.1 describes ports for clock and global reset. 

Table 5.1. Clock and Reset Ports 

Signal Name Width Direction Description 

clk 1 Input Global clock. 

reset_n 1 Input Global reset, active low. 

 

5.3.2. Native Memory Interface 

Table 5.2 describes ports for the native memory interface. 

Table 5.2. Native Memory Interface Ports 

Signal Name Width Direction Description 

wr_req_o 1 Input Write request 

wr_addr_8_o 18 Output Write address 

wr_data_o 64 Output Write data 

wr_byte_en_o 8 Output Write byte enable 

rd_data_i 64 Input Read data 

rd_req_o 1 Output Read request 

rd_addr_8_o 18 Output Read address 

 

5.3.3. AXI4 Interface 

Table 5.3 describes ports of the native AXI4 interface. 

Table 5.3. AXI4 Interface Ports 

Signal Name Width Direction Description 

axis_mi_awid_i 8 Input Write Transaction ID: A unique identifier for the write transaction. 

axis_mi_awaddr_i 32 Input 
Write Address: The address of the write operation. It is used by the 
subordinate to determine where to write data. 

axis_mi_awlen_i 8 Input Write Burst Length: The number of transfers in a burst, measured in bytes. 

axis_mi_awsize_i 3 Input 
Write Burst Size: The size of each transfer in the burst, such as 8-bit,  
16-bit, and 32-bit. 

axis_mi_awburst_i 2 Input 
Write Burst Type: The type of burst transfer, such as fixed, incrementing, or 
wrapping. 

axis_mi_awvalid_i 1 Input 
Write Address Valid: Indicates that a valid write address is available from the 
manager. 
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Signal Name Width Direction Description 

axis_mi_awready_o 1 Output 
Write Address Ready: Indicates that the subordinate is ready to accept the 
write address. 

axis_mi_wdata_i 64 Input 
Write Data: The data being written to the subordinate. The subordinate 
stores this data at the address specified in AWADDR. 

axis_mi_wstrb_i 8 Input 
Write Strobes: A set of byte-enable signals that indicate which bytes of the 
data are valid for writing. 

axis_mi_wlast_i 1 Input Write last: This signal indicates the last transfer in a write burst. 

axis_mi_wvalid_i 1 Input 
Write Data Valid: Indicates that valid data is available on the WDATA bus for 
the subordinate. 

axis_mi_wready_o 1 Output 
Write Data Ready: Indicates that the subordinate is ready to accept the write 
data. 

axis_mi_bid_o 8 Output 
Write Transaction ID: A unique identifier for the write transaction, used to 
match the response with the request. 

axis_mi_bresp_o 2 Output 
Write Response: The status of the write operation. It can indicate a successful 
operation, represented by OKAY, or an error, such as SLVERR. 

axis_mi_bvalid_o 1 Output 
Write Response Valid: Indicates that the subordinate has a valid response for 
the write transaction. 

axis_mi_bready_i 1 Input 
Write Response Ready: Indicates that the manager is ready to receive the 
write response from the subordinate. 

axis_mi_arid_i 8 Input 
Read address ID: This signal is the identification tag for the read address 
group of signals. 

axis_mi_araddr_i 32 Input 
Read address: The read address gives the address of the first transfer in a 
read burst transaction. 

axis_mi_arlen_i 8 Input Burst length: This signal indicates the exact number of transfers in a burst. 

axis_mi_arsize_i 3 Input Burst size: This signal indicates the size of each transfer in the burst. 

axis_mi_arburst_i 2 Input 
Burst type: The burst type and the size information determine how the 
address for each transfer within the burst is calculated. 

axis_mi_arvalid_i 1 Input 
Read address valid: This signal indicates that the channel is signaling valid 
read address and control information. 

axis_mi_arready_o 1 Output 
Read address ready: This signal indicates that the subordinate is ready to 
accept an address and associated control signals. 

axis_mi_rready_i 1 Input 
Read Data Ready: Indicates that the manager is ready to accept read data 
from the subordinate. 

axis_mi_rid_o 8 Output 
Read Transaction ID: A unique identifier for the read transaction, used to 
match the response with the request. 

axis_mi_rdata_o 64 Output 
Read Data: The data being read from the subordinate. The manager reads this 
data at the address specified in ARADDR. 

axis_mi_rresp_o 2 Output 
Read Response: The status of the read operation. It can indicate a successful 
operation, represented by OKAY, or an error, such as SLVERR. 

axis_mi_rlast_o 1 Output Read last: This signal indicates the last transfer in a read burst. 

axis_mi_rvalid_o 1 Output 
Read Data Valid: Indicates that valid read data is available for the manager to 
read. 
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5.3.4. Configurable Parameters 

Table 5.4 describes the configurable parameters of the USB23 AXI Manager to Memory Bridge IP. 

Table 5.4. User Configurable Parameters 

Parameter Description 

AXI_ADDR_WIDTH_8_I AXI Subordinate Address Width, in terms of byte offset. 

MEM0_ADDR_WIDTH_8_I 
Memory 0 Address Width, in terms of byte offset. 

Valid Value: 18 

MEM1_ADDR_WIDTH_8_I 
Memory 1 Address Width, in terms of byte offset. 

Valid Value: 18 

MEM2_ADDR_WIDTH_8_I 
Memory 2 address width, in terms of byte offset. 

Valid Value: 18 

MEM0_READ_LATENCY_I 
Read Latency of External Memory connected with Memory 0 

Valid Value: 1 

MEM1_READ_LATENCY_I 
Read Latency of External Memory connected with Memory 1 

Valid Value: 2 

MEM2_READ_LATENCY_I 
Read Latency of External Memory connected with Memory 2 

Valid Value: 1 

AXI_DATA_WIDTH_I 
AXI Subordinate Data Width, in terms of bits. 

Valid Value: 64 

AXI_BYTE_EN_WIDTH_I 
AXI Byte Enable Width 

Valid Value: 8 

BASE_ADDRESS_S0 
Base Address of Memory 0 

Note: A memory span of 256 KB is needed.  

END_ADDRESS_S0 
End Address of Memory 0  

Note: A memory span of 256 KB is needed. 

BASE_ADDRESS_S1 
Base Address of Memory 1 

Note: A memory span of 256 KB is needed. 

END_ADDRESS_S1 
End Address of Memory 1 

Note: A memory span of 256 KB is needed. 

BASE_ADDRESS_S2 
Base Address of Memory 2 

Note: A memory span of 256 KB is needed. 

END_ADDRESS_S2 
End Address of Memory 2 

Note: A memory span of 256 KB is needed. 
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6. UVC Reference Design Signal Description 
The input and output interface signals for the CrosslinkU-NX USB Video Class Reference Design are shown in Table 6.1. 

Table 6.1. Primary I/O 

Port Name Direction LIFCL-33U Ball Description 

clk_60m_i Input H8 60 MHz input clock form the on-board crystal oscillator. 

dp_z Input/Output D7 USB2.0 positive differential data line 

dm_z Input/Output E7 USB2.0 negative differential data line 

u3_rxm_i Input A8 USB3.0 positive differential data line for receiver 

u3_rxp_i Input B8 USB3.0 negative differential data line for receiver 

vbus_z Input/Output E5 Power signal 

u2_reset_ext_z Input/Output τ Synchronous reset for USB 2.0  

REFINCLKEXTP_i Input F8 USB3.0 PHY external positive differential clock 

REFINCLKEXTM_i Input E8 USB3.0 PHY external negative differential clock 

u3_txm_o Output A7 USB3.0 positive differential data line for the transmitter 

u3_txp_o Output A6 USB3.0 negative differential data line for the transmitter 

cam_scl_z Input/Output J6 I2C controller serial clock line (SCL) for the camera sensor 

cam_sda_z Input/Output H6 I2C controller serial data line (SDA) for the camera sensor 

cam_en_o Output L7 Camera sensors enable 

rx_clk_p_i Input/Output E7 Camera positive differential clock line 

rx_clk_n_i Input/Output E6 Camera negative differential clock line 

rx_d0_p_i Input/Output M7 Camera positive differential data0 line 

rx_d0_n_i Input/Output M6 Camera negative differential data0 line 

rx_d1_p_i Input/Output N7 Camera positive differential data1 line 

rx_d1_n_i Input/Output N6 Camera negative differential data1 line 

uart_rxd_i Input F1 UART input for RISC-V microcontroller debugging 

uart_txd_o Output G1 UART output for RISC-V microcontroller debugging 
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7. Building the Reference Design 
This section describes how to run the UVC reference design using the Lattice Propel design environment and Lattice 
Radiant software. For more details on these tools used, refer to the Lattice Propel SDK and Builder User Guide, and 
Lattice Radiant Software User Guide. 

7.1. Running Propel SDK Project 
The UVC reference design utilizes the hardened USB block inside the LIFCL-33U device, which needs to be configured 
and perform USB enumeration through the RISC-V firmware. This section describes how to build and run a C project in 
the Lattice Propel SDK software. 

7.1.1. Opening Propel SDK Project 

To open the Propel SDK project in Lattice Propel SDK, launch Lattice Propel SDK.  

Click the Browse button to set the workspace folder to \hardware\ref_designs\mipi_uvc_nx33u\software. Then, click 
the Launch button, as shown in Figure 7.1. 

 

Figure 7.1. Launch Lattice Propel SDK 

The Propel SDK project is opened and shown as the RDFW_UVC project (Figure 7.2). 
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text

 

Figure 7.2. Propel SDK Project Opened in Lattice Propel SDK  

7.1.2. Navigating Propel SDK Project 

In Project Explorer, navigate to RDFW_UVC > src to expand the project file list, as shown in Figure 7.3. 

text

 

Figure 7.3. Navigating the Propel SDK Project 
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7.1.3. Generating Output MEM file 

To compile the Propel SDK project to generate the memory image for the RISC-V firmware, select Project > Build 
Configurations > Set Active > 1 Debug (Figure 7.4). 

 

Figure 7.4. Set Propel Build Configuration Mode  

To launch the project building process, right-click on the process name RDFW_UVC, select Clean Project from the  
menu to clean up the output folders. Then, select Build Project from the menu, as shown in Figure 7.5. 
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Figure 7.5. Launch the Project Building Process  

The output RDFW_UVC.mem file is located at: 
\hardware\ ref_designs\mipi_uvc_nx33u\software\RDFW_UVC\Debug\RDFW_UVC.mem. 

7.2. Running Propel Builder Design 
The UVC reference design utilizes the hardened USB block inside the LIFCL-33U device, which requires a RISC-V 
microcontroller to handle the USB hard IP enumeration and USB traffic control. This section describes how to evaluate 
the RISC-V design, including the peripheral soft IPs, in the Lattice Propel Builder software tool.  

7.2.1. Install IPs at Local from File 

Before opening the UVC Propel Builder project, there are four soft IPs that need to be installed into the IP on Local 
section in the Lattice Propel Builder software. To perform the soft IP installation process, Lunch Lattice Propel Builder 
and follow steps below. 

Note: for the latest version of the local IP files, contact Lattice Sales or Tech Support. 

1. wƛƎƘǘ ŎƭƛŎƪ Lt ƻƴ [ƻŎŀƭ ŀƴŘ ǎŜƭŜŎǘ Lƴǎǘŀƭƭ Lt ŦǊƻƳ ŦƛƭŜΧΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦсΦ 
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Figure 7.6. Install IP from File 

2. Lƴ ǘƘŜ ǇƻǇǇŜŘ ǳǇ ŦƛƭŜ ōǊƻǿǎŜǊΣ {ŜƭŜŎǘ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ 
ξƘŀǊŘǿŀǊŜξƛǇψǇŀŎƪŀƎŜǊξŀƘōƭψǘƻψŀȄƛпƭƛǘŜξƛǇƪξƭŀǘǘƛŎŜǎŜƳƛΦŎƻƳψŀƘōƭψǘƻψŀȄƛпƭƛǘŜψōǊƛŘƎŜψмΦлΦлΦлΦƛǇƪΦ 

3. /ƭƛŎƪ hYΦ 

4. Lƴ ǘƘŜ Lt [ƛŎŜƴǎŜ !ƎǊŜŜƳŜƴǘ ǿƛƴŘƻǿΣ ŎƭƛŎƪ !ŎŎŜǇǘ ǘƻ ŦƛƴƛǎƘ ǘƘŜ Lt ƛƴǎǘŀƭƭŀǘƛƻƴΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦтΦ 

 

Figure 7.7. Accept IP License Agreement 

Repeat Step 1 to Step 4 above to install the rest of the IPs listed below: 
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¶ .\hardware\ ip_packager\ahbl_to_lmmi_bridge\ ipk\ latticesemi.com_ahbl_to_lmmi_bridge_1.1.0.0.ipk. 

¶ . \hardware\ ip_packager\ahbl_to_mem_bridge\ ipk\ latticesemi.com_ahbl_to_mem_bridge_1.0.0.0.ipk. 

¶ . \hardware\ ip_packager\ iebm\ ipk\ latticesemi.com_in_ep_buffer_manager_2.2.1.0.ipk. 

After completing the installation process, these IPs mentioned above should be available in the IP on Local section, as 
shown in Figure 7.8. 

 

Figure 7.8. IPs Installed from Files 

7.2.2. Opening Propel Builder Design 

To open the Lattice Propel Builder project in Lattice Propel Builder, launch the software tool. Click File > Open Design 
and navigate through the Open sbx window to open the following (Figure 7.9): 
\hardware\ref_designs\mipi_uvc_nx33u\u23_lifclu_nx33_prpl_bldr\u23_lifclu_nx33_prpl_bldr\u23_lifclu_nx33_prpl_b
ldr_des.sbx  
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Figure 7.9. Open the Propel Builder Design 

7.2.3. Mapping Design with Firmware 

In the Propel Builder design schematic, double-click the sysmem0_inst to open the system_memory Module/IP Block 
Wizard, as shown in Figure 7.10. 

 

Figure 7.10. Opening System Memory Module Block Wizard 
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In the system_memory Module/IP Block Wizard, make sure the Initialization File is mapped to 
../../software/RDFW_UVC/Debug/RDFW_UVC.mem or the latest revision of the .mem file. Then, click on the Generate 
button, as shown in Figure 7.11. 

 

Figure 7.11. Mapping the System Memory Initialization File 

Click the Address tab to review the base address assignment for the system and all peripherals within the Propel 
Builder Project, as shown in Figure 7.12. 

 

Figure 7.12. Base Address Assignment 
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7.2.4. Exporting Design to Lattice Radiant Software 

To export the Lattice Propel Builder design to the Lattice Radiant software, click on the Generate icon as shown in  

Figure 7.13. 

 

Figure 7.13. Export the Propel Builder Design to Radiant Software 

The exported files are located in the ./Design/u23_lifclu_nx33_prpl_bldr/u23_lifclu_nx33_prpl_bldr folder. 

7.3. Running Radiant Project 

7.3.1. Opening Radiant Project 

This section provides the procedure of creating your FPGA bitstream file using the Lattice Radiant software. 

To create the FPGA bitstream file, launch the Lattice Radiant software from Lattice Propel Builder. Then, click on the 
Open Project icon, as shown in Figure 7.14. 

 

Figure 7.14. Lattice Radiant Software 
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Open the Radiant project file mipi_uvc_nx33u_revB_bd_u23axibridge.rdf from the 
\hardware\ref_designs\mipi_uvc_nx33u\  folder, as shown in Figure 7.15. The design should have no errors but there 
are 1074 warnings due to some unused signals from some instance. The warnings do not affect the design compilation 
and bitstream generation. 

 

Figure 7.15. Open the Radiant Design 

7.3.2. Generating Bitstream File 

Click Export Files to generate the bitstream file, as shown in Figure 7.16. View the log message from the 
\hardware\ref_designs\mipi_uvc_nx33u\ impl_1 folder.  
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