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Disclaimers

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

Inclusive Language

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

© 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-02300-1.1 2


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

= LATTICE

Contents
(61o] 01 1T o | £SO TP PP PUPPPPTPRRRPIRt 3
AbDbreviations iN THisS DOCUMENT.........uiiiiiie ittt ettt e e st e e s st e e e sttt e e s abeeesaabaeessabeeeessteeesassaeesanbeeesansteeesasnaens 10
NS [ o1 d o o [0 1 4 T o OSSOSO 11
1.1. OVEIVIEW OF ThE SYSTEIM ..ottt et e e et e e ettt e e e st e e e eebbee e e taeeeesataeeeesbeeeesbaaeesstaeesansreeesssenns 11
1.2. [0 1] Tol [ =T £ TP TOPRPPPPR 11
1.3. FRATUIES it et et e e s sttt e s e st e et e e s et e e e e e st e e e e e e e s an 12
1.4. NQMING CONVENTIONS ceiiiiitieee ettt e e e e e sttt e e e e e s sesbar et e eesssassbataeaeesssassssaaaeesssasssssaaaeesssnsssssaneesssnnnns 12
I R o] 4 =Y o Tl - 1 U | T SO TR PPPPPTRRRNt 12
142, SINAIINGIMES ..ttt ettt e b e e bt e bt e sttt e bt e e bt e s bt e s bt e e bee s be e e bbe e bt e e bbe e beeeneesnees 12
N S V| Vot o o =1 W D =Ty ol T o] 4 o Yo VOO SRS USRS 13
2.1. SYSEEM ArCHITECTUINE OVEIVIEW.......eiiieeiiiee ettt ettt e ettt e e et e e ettt e e e s beeeeetbee e s taeaeeastaeeeasseeeesbeaeesatasesanssaeesnsanens 13
2,11, CertUSPrO-NX ArCHItECIUIE ..coiiie ittt ettt st st s sbe e st e e sbte s beesbaesabeesbaesabeesaeenane 13
2.2. (1o Yol 4] =SSR 14
2.2.1.  CertusPro-NX ClOCKING OVEIVIEW ......ccccecuiiiiiiiieeeiieeeeeiieeesiteesesteeeessteeessateesessseeeeassseessssseesssseeesasssesssnssnes 14
2.3. RESEE SCNEME ...ttt sttt e b e e bt e bt e e bt e bt e e bt e e s bt e e bt e e sbbeesae e e st eesateesabeennteesateenaneens 15
2.4. [P CONTIGUIATIONS ..ttt ettt ettt e bt e e bt e bt e e bt e e sbb e e bt e e sbbeeabe e e sbbeesbeeessbeennneesnbeennneens 15
2,41, RISC-V RX CPU COI..utiiuiieuiiiiiieeiteteniteestesestteessessssaesssesssaesssessseesnsessseesnsessnseesssessnseesssessnsessssessnsessssessnsessnne 15
2.4.2.  LPDDRA MEMOIY CONTIOIIET .. .cviieeeiiiee ettt ettt ete e e e ettt e e e et e e e eateeeesabaeeeebbeeeessaaeeastaeeeansreeesssneas 18
2.4.3.  QSPIFIaSh CONtIOlIEI..ccuiiiiiiiiieetet ettt ettt sttt s be e s be e s bt e sabeesabaesabeesnbeesabeesabaesabeesnseenane 19
O S 4 B oYY oY= o a1 Y S 20
T €1V 1o O = o S 21
2.4.6.  SCAttEr-Gather DIVIA ... ..o ittt ettt ettt st e st e bt e s bt e s bt e s bt e s bt e sabeesastesabeesabeesabeesnseesabeesneenane 22
B S R U 7 Y 2 PN 23
D T €1 [ TSRSt 23
s T Iy Ol 0] o1 o | 1= OO OO PPRPPOt 24
2.4.10. Multi-Boot Configuration MOTUIE.........c.eviiiiiieee et e e et e e e et e e e eaaa e e e ateeeeennreeesannneas 24
2.4.11. AXI Bridge Multi-Port Memory CONtrOllEN.........ccociiii ettt e et e e e e aae e e s te e e e enree e ennaeas 25
2.4.02.  SYSTEM IVIEIMONY ..ettteteieteteteteteteretereterareeerereeeaae——e—a—eeesesesesesesesssesstssesesssesssesesesesssssssesessessssesssesssssnsnsssnsnsnnnnnnnnn 26
2.5. YA L= 0 AL o =Y o =T SR 26
2.6. SOC MEMOIY/AAUIESS IMAP ..c.veeiieiieiiiesteeieett et ete e estestesaeeseesaeseessesaesbesseeseessensensessestesaesseensensensessensessesseeneenean 27
2.7. FUNCLIONAT OPEIALtiON e..eeiiiiiiiiieetee ettt ettt sttt et e b e e e bt e sbb e e bt e e sbbeesaeeesbbeesbeeessbeesaeeesabeennneens 27
3. SIENAl DESCIIPION .ttt ettt e et e et e e e et e e e e tb e e e eeataeeeebaeeaesbeeeaassaeaeabssaeeaabeeeeansaeeeaasasaaeantaeeeantreeeannaaas 28
. SOTEWAIE COMPONENTES ..cccitiii ittt e ettt e eeite e e ettt e e e ettt eeeetaeeeettbeeaeaateeeeasaesesssseaaassssesassasaeaassssaassssesasssaseanteseeansseseaasneens 29
4.1. (a1 TV TaTo I €To] Fo F=T g I = To o 4 [o}- o = PSPPSRt 29
4.2. Primary and Golden APPlICAtION ........ei it e e e e e e et e e e s tt e e e e at e e e eeatte e e enaaeeennraeeennnns 29
LT B 1Ty 1-4 I @0 o [ - 11 ) £ PP PUPPRRRPNt 30
5.1. (01 o Yol Q@ Ta Iy =1 1o | £ TSP P 30
5.2. L0 N 0 01 1 =11 11 £ TR 30
(S (o 10 oI U 1] 2= oY VPSP 35
7. DEMO USEE GUILE .eeeeieiiiiiee ettt ettt e ettt e s e e sttt e e sttt e e s att e e s s abteeeeasbeeesaasbeessabbeeeeabeeeeeaseeeesasbaeeesbeeesnasteeessnaens 36
7.1. 270 o) 2l F o BT =To [ UT=] o Lol OO PRPPOSRPRPPRRPON 36
7.2. [ T E=To T L L TSSO P PR ORPRPPRPRPRN 38
7.2.1.  SOftWAre REQUITEIMENTS......ceiiicuiieeeiiieeeettee e ettt e e ettt e e eeete e e s aeeessateeesassseeessseeeessseeeeasssesesnsseeeesnseeesasseeesnnnnes 38
7.2.2.  CertUSPro-NX REQUITEMENTS c.iicceiiiiiiiiiieeiiirteee e eeriire e e e e e st e e e e e s s aareeeeeessssasteeeeeessassssraneeesssassnsseneeeeens 38
7.3. Implementing the GHRD/GSRD DEMO ......cccoruirieriiriirieeiteieiesiestestestestesseeseessessensessessessesseeseessensessessessessessesnsenes 40
7.3.1.  Setting Up the UART TeIMINGI....cii ettt ettt e e ee e e e e ette e e e sabeeeeetbee e easeeeeestaeeeesreeeesnneas 40
7.3.2.  Setting up the Non-Volatile Memory REGISTEN .........ooocuiiiiiiiiee et e et ee e e et e e et e e e are e e eanaeas 41
7.3.3.  Programming the Standalone Golden or Primary GSRD Bitstream and Application Software..................... 41
7.3.4. Programming the Golden, Primary Software and MCS file ........ccueieeiiiiiiiiiii e e 56
8.  Compiling the REfEreNCE DESIGN ....uveiiiieiiieeeiie ettt et e e e et e e e st e e e et e e seaeteeessteeaesteeeeanseeeessseaeanseeesansreeeanseens 68
8.1. Building the Bootloader and FreeRTOS Binary Files using Lattice Propel SDK.........cccceevvieeeecieeeccieeeerieee s 68
8.2. Using Different SPI FIash IManUfaCtUrer.........oouii ittt s saee e 83

www.latticesemi.com/legal


http://www.latticesemi.com/legal

. . i . an
g:;gfennizslt;:;;eference Design and Demo User Guide v2.0 for CertusPro-NX Devices H- LATTICE

8.3. Validating and Generating the GSRD Design using Propel BUilder ..........cccuvieeiieiiciieeecee e 84
8.4. Synthesizing the RTL Files and Generating the Bitstream using Lattice Radiant .........cccccoovverieiinienneeineennen. 87
8.5. Generating the MUIti-BOOt IMCS File ......oouiiiiiiiiieeee ettt et et sbe e e b e saeeenees 92
9.  Customizing the IP in the GSRD DESIZN ...cciiiuiiiiiiietiiiiee ettt e ettt e sttt e e ettt e e ssate e e sbeeeesaabeeesesteessbseesensbeeessnsseessassaens 99
9.1. Changing QSPI Flash Controller User Interface Parameters ........cccecvveiieeiieeiieesie e esieeeseeesieeeseseesieeesseeennnas 99
10. Compiling U-BOOTt BOOTIOAAEN........uoiiiiiiieeeiiie ettt ettt ettt e et e e e e tte e e e e bt e e e ebaeeeesabeeeeeasaeeessaeaeeassaeaeansbeeessaneas
10.1.  Setup Ubuntu Machine and Git Access
10.2.  Building the U-Boot BOOTIOAEN .......cciceiiee ettt e et e e et e e s aae e e et e e esnssee e sanaeeeensneeennnns
10.3.  QSPI CoNfigUration fOr U-BOOT ......ccicuiiiiiiiiiiiieenieeeiee sttt sttt st e s be e saae e s e e sabeesabeesabeesabeesaseesateesaneens
10.4.  Basic Boot-Up Flow with U-BoOt BOOTIOAAEN ........ueiiieiiieeiiee ettt et e e et e e e 107
10.5.  Programming U-BoOt BOOLIOQUEN ......cccuuiiiiiiiieieiiie ettt ttee ettt e e et e e s et e e s aae e e e s e e e esnnaeeesnnaeeeennseeennnnns 108
10.6.  Running U-Boot Bootloader with SPL Built into Bitstream (First Method) .......c.ccccvevvieeiiienceeiiiecee e, 112
10.7. Running U-Boot Bootloader with OpenOCD (Second Method) .........c.ceeeiuiiieeiiii i 115
(0] (=T =Y a1l Y PP 120
B =Tol gL a1 Tor I UT o] o Yo o XY ] = g Vo <SOSR 121
AV T[] oW o 15 o V2P PURORPNE 122

© 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-02300-1.1 4


http://www.latticesemi.com/legal

= LATTICE

Figures

Figure 2.1. GHRD Architecture 0n @ CertUSPro-NX DEVICE ......ccueiiicuieeeiiieeeeiiee e setee e e sreeeette e e ssaaeeeesateeeeeneeeesnnaeeesnnneeanns 13
Figure 2.2. Clocking Structure for CertusPro-NX GSRD.........coiutirtiiiieiniiieriieesteesitee sttt site e st sabeesaee e sareessteesareesaeeesaneesaeeens 14
Figure 2.3. Reset Structure for CertUSPIrO-NX GSRD ........cccuiiiieiiiiiieiiiee et e eecttee et e e e et e e eeette e e eetaeeesbeeeeeaseeeeensaeaesseeaanns 15
Figure 2.4. CPU ConfigUration — GENEIAl......cc.ciiiiiiiiiiiiieeie ettt ettt ettt e sire et e e sareesane e smneenaeeens 16
Figure 2.5. CPU CoNfigUration — DEDUE ....c..viiieiiei ettt ettt e e ettt e e e tte e e e sttt e e e e tteeeeeataeeesataseeessaeeensaeeesaseeaans 16
Figure 2.6. CPU CONTIGUIATION — BUSES ....ccciuiiieeeiiieeeitiieeeitteeeeeiteeeeetteeesstbeeeeetbeeesasaeeesabsaeaasssseaassasseaatssaeassseesassaeeesseeaaans 17
Figure 2.7. CPU CoNnfigUration — INTEITUPT .....iiiieiiie e ciiee ettt e eetee st e e e st e e e e tte e e seae e e e sataeeeensseeesssaeeasntaeeeansseeesnnsaeeesnseeaanns 17
Figure 2.8. CPU CoNfiUration — UART .....cciiiiiieeiie e ciiee et e e ettt e e sae e e s sttt e e estaeeesataeeasasaeeaasssaseanssaesesntaeesassseeesnnsnesesseneanns 18
Figure 2.9. LPDDR4 IMC CONFIGUIAtION ...uiiiiieiiieieiiis sttt eesteeeetee s te e e e sttt e e e e tte e e satee e e sataeesensteeesnasaeeesnsaeeeansseeesnnsnesesnsenanans 19
Figure 2.10. QSPI Flash Controller CONfIGUIAtion ..........ciiiiiiiieiiii sttt e et e e e eaee e e stee e e s e e snaaeeesaeaeeeans 20
Figure 2.11. TSE MAC CONTIGUIAtiON ...ttt ettt ettt ettt ettt sbe e st e e sb e e e s it e e s bt e e saee e sbbeessbeesabeennneesnneenneeens 21
Figure 2.12. SGMII PCS/PHY CONTIGUITION......uiiiieeetiiectieeeiee ettt ettt stteeetteesveeeteeestbeeetbeestbeeesseesabeeeaseesaseeesseesabeeasseesaseensreens 22
Figure 2.13. SGDIMA CONTiUIATION.....ccuuiiieiiieeeciiee ettt e et e e eet e e ettt e e e sttt e e eetteeeseabaeeesabaeeeesseeeeassaseesataseeanssseeennsaeaessenaaans 22
Figure 2.14. UART CONTIGUIATION ...uviiiiiiieeeiiieeceies et et e e ettt e e e ae e e et e e e eeatteeesantaeeesataeeeasssaeeassaeeesnsseeeassseeeannsaeeesnseeaanns 23
Figure 2.15. GPIO CONFIGUIATION .. ..uiiiiiieeeeciieecctee e ctee et e e ettt e e et e e e e st eeeetteeesataeeesataeeeasssaeesssaeeesnsaeeeassseeesnnsaeeesnseeaaans 23
Figure 2.16. 12C Configuration for SFP PHY CONTIOL.......ciiiiiiiieiii et eees st s sttt e st e e e eaaee e e st e e e s naee e snnneeesnsaeaens 24
Figure 2.17. MUlti-BOOt CONFIGUIAtION....cciiiiiiiieiiii et et e e st e e e st e e e s et e e e ssaaeeeesataeeeasteeesnsaeeesnseeaaans
Figure 2.18. MPMC Configure IP General

Figure 2.19. MPMC Configuration Manager SETEINGS ......coouiiiiiiiie ettt ettt s e s e sane e e 25
Figure 2.20. System Memory CoONfIGUIATION .........uii i e ecieee ettt e st e e et e e et e e e st e e e e e tbee e eeabaeeesabasesenssaeeennsaeeesaseeaans 26
Figure 6.1. CertusPro-NX GSRD ReSOUICe ULHlIZation .......cc.eeiieiuiiiiiiieeccieee ettt e ettt etee e s tae e e et e e e eaaae e e svaeaeans 35
Figure 7.1 GSRD BOOt-UP SEOUENCE ....coeiiiiiiiiiiiieeeeeee ettt ettt e e et et et et et et e e e e et e e et ee et e e e e eteeeeeteeaeasaterasasesanasanens 37
Figure 7.2. CertusPro-NX Versa EValuation BOArd.........ccocuiieiiiiiiiiiie e csiies et s e stee s sttt e s st e e seaaee e s sntae e esateeesnnaeeesnnaeaenns 38
Figure 7.3. Connections and Buttons needed for DemMONSLration..........ccceeieciiiiiciier e s e eeee e saae e 39
Figure 7.4. UART Terminal Icon on Propel SDK WINGOW ........c..eiiiiiiiiiiiiiieiieerieee ettt st 40
Figure 7.5. UART Launch Terminal WINQOW ..........coouiiiiiiiiiiieeie ettt ettt et ettt et e st e e sir e e saee e saneennee e 40
Figure 7.6. Device Manager WINAOW ON PC ... ...ttt e ettt e e e e e e e ettt e e e e e e e sesanstaaeeaeeeesnstaaseesaeesanssrenes 41
Figure 7.7. Launch Radiant Programmer from WindOWS STart............ccoiiuiiiieiiii ettt et stee e e e e e e e e e saaee e 42
Figure 7.8. Radiant Programmer STart WINGOW ........c.uiieiiiiieieiie e cieee e steee ettt e e eitee e e staee s eate e e sataeeesataeeeenssaeesnsaeessnseeeaans 42
Figure 7.9. Radiant Programmer .XCF WINGOW ........oouiiiiiiiiee ettt etee e s tte e e et e e e e eata e e e sataeeeensteeeensaeeesasanaans 42
Figure 7.10. Scan Device 1con 0N Radiant PrOgramimMer.......ccciccuiiiiiciieeeiieeeeesiee e setee e e steessseeeeessnaeeessnnaeeessseeesnnsneesssseeaans 43
Figure 7.11. Select DeVice fOr PrOSramIMiNg ........coceiiiieeiieeiieerte ettt sit ettt e sit e sttt e sabeesaee e sabeesateesabeesseeesnbeesnneesnseenneeens 43
Figure 7.12. Device Selected fOr PrOgramimMer.... ..o ettt ettt site ettt e st e e s bt e sate e sabeesab e e sabeesnneesaseenneeens 43
Figure 7.13. Select the Target Memory for Programming..........cooocuiieiiiiiieeeiiee et ettt e et e eetee e e steeeeesavee e eaaaeeesbaeaanns 43
Figure 7.14. Device Properties to Erase the Macronix SPI FIash ..........coouiiiieiii et e 44
Figure 7.15. Device Properties to Erase the Winbond SPIFIash...........oouiiiiciii e 45
Figure 7.16. Program Button to Program the SPIFIash .........cciiiiiii ettt et e e e s e e e rae e 45
LT U O A O 10 o 1O A i =Y gl =1 1Y < Y | P 46
Figure 7.18. Erase Only Operation for SRAM ProgramimMiNg .....c..ceeccueeeiiieeeeeiieeeseieeeeseeeesssssesesssseesssseeesasssesesssnesssssseesans 46
Figure 7.19. One-Time Programmable Control NV REGISTErL.........ooiiiiiiiiiiiiiiieiieeste ettt s e e 47
Figure 7.20. Settings to SEIECT Chip VAlUE ...couii ittt sttt e st esar e e e e e sareesaee e 47
Figure 7.21. Device Properties to Program the Winbond SPI FIash............cooooiiiiiiii i 48
Figure 7.22. Device Properties to Program the MacronixX SPIFIash ........c..ceociiiiiciie et 49
Figure 7.23. Cable Settings for DEVICE ProgrammMiNg .......ccuveeieiieiiiiieeeciteeeeeite e e seteeeestaeeestteeeesasaeeesataeeeassaeesnnsaeeessseeaaans 50
Figure 7.24. Radiant Programmer Console Output after Programming the SPI Flash.........cccccviveiieiiiiee e, 50
Figure 7.25. Device Properties to Program the FPGA Bitstream in SRAM ..........coovciiiiiiiieeeeciee et e saae e 51
Figure 7.26. Radiant Programmer Console Output after Bitstream is Programmed.........ccccccoviiiiiiiiiiiniiineeneeieeeee 51
FIgUre 7.27. SW3 RESET BUTTON ... ittt e e s e e e e s e e e s sar e e e s e bt e e smnneessaneeesans 51
FIBUIE 7.28. LED STatUS cociiiiieieieieecccc e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaeaaeeaaaaaaes 52
Figure 7.29. Golden GSRD - Output on UART Terminal for Bootloader and FreeRTOS Start .........ccccocveeeeiiieeeccieeeeciieeen, 53
Figure 7.30. Golden GSRD - Output on UART Terminal for FreeRTOS RUNNING.........ccoiiuiieeeiiiieeiiieeecieeeeecireeeeeveeeesvaee e 54
Figure 7.31. Primary GSRD Bootloader— Output on UART Terminal .......c.ceeeeciiiiiiciieeeciieeeeiee e eeeee e sre e e e eeee e sene e snne e 55

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Figure 7.32. Primary GSRD FreeRTOS— Output on UART TErmiNal.......ccccviieeiiiiiieiies e cieeeeiee e seeee e e stne e e e eee e e snnee e e snnee e 56
Figure 7.33. Device Properties Window to Setup MCS Programming File .........cooueiriiiiiiiniienieene e 57
Figure 7.34. UART Terminal Output after Power-Cycling Board with MCS and Binaries Programmed ..........ccccccevcveenuenn. 58
Figure 7.35. Switches to Golden GSRD upon SW2 PROGRAMN BULLON ...ccccoiiiiiiiiieiec ettt e e sveer e e e e e nneees 59
Figure 7.36. Device Properties settings to program the Golden Application .........ccooiviiiiiiiiiii e 60
Figure 7.37. Radiant Programmer Console Output after Programming.........cccccceciieiiiiiiieeeiiie et eevae e e vae e 60
Figure 7.38. Primary GSRD - UART Output after SW3 Reset where CRC Matched...........ccccoviiiieiiei e 61
Figure 7.39. UART Output Switching to Golden GSRD where CRC Mis-Matched Intentionally ..........cccceevvvviiciiee e, 62
Figure 7.40. Device Properties for Programming Golden App Binary With CRC.........ccccieeeeiiiiiiceee e 63
Figure 7.41. Radiant Programmer Console Output after Successful Programming .........cceccveviveiieriicieeeeiiee e eeeee e seee e 63
Figure 7.42. Device Properties Window for Primary App Binary Without CRC..........cccccvveeieiiiri e 64
Figure 7.43. Radiant Programmer Console Output after successful programming...........ccccceevieinieiniiiniienieenie e 64
Figure 7.44. Primary GSRD without CRC Fails — UART TermMiNal.........ceciiiuiiiieiiii ettt ettt e e e erae e e svae e 65
Figure 7.45. Automatically Jumps to Boot-Up GOIAEN GSRD ........ccouiiieiiiiie ettt e et ee e e et e e e eare e e easaeeesvaeaens 66
Figure 7.46. UART Terminal Output - After Pressing SW2 PROGRAMN BULLON .......ceeiiiiieieiiiie e eeee e 67
[T q U 0 oY oY= 21U 1] o 1= gl - T ol =T PN 68
Figure 8.2.Provide Name for the WorksSpace Dir€CTOIY.......uuiiecuiiiiiciieeeciiee ettt e et e e ree e e st e e e eaee e e staeeesaee e e snaaeeesnraeaeans 69
Figure 8.3. Creating LattiCe SOC DeSIiZN PrOJECE......uuiiiiiiiiiiiiiieee ettt e sttt e e s s st e e e e s ss bt baaeeeessssnsbaneeeessssnsnnnees 69
FIGUre 8.4. SOC ProjeCt WINUOW ....c..eiiiiiiiiiiiiieiiteeitt ettt ettt ettt ettt e sh et sht e e bt e sb b e e s bt e e s st e e eaeeesbbe e st e e smbeesnneesmreenneeens 70
Figure 8.5. Launched SOC in Propel BUITAEN .........ueiuiiiiiiiiiieectt ettt ettt et sar e e e e sineesaee e 70
Figure 8.6. Validate Design in Propel BUIIAEN .........ooouiiii ettt et e et e e e et e e e eata e e e s ta e e e enatee e ensaeeesabaeaeans 71
Figure 8.7. TCL Console Output after Validating DESIZN.......cciccuiiiiiiiiee e eeiee e stte e rree e st e e seate e e e sta e e eeateeesnsaeeesanaeeaans 71
Figure 8.8. GeNerate in ProPEl BUIIAE .....c...veie ettt e et e et e e e s tre e e e et e e e sataeeesataeeeansteeesnsaeeesaneeaans 71
Figure 8.9. TCL Console Output after GENErating DESIZN .....cccccuiiiiiiiiee et e et e e st e e e stee e e saae e e s aee e e senaaeeesnraeeeans 72
Figure 8.10. SYys_eNV.XMI File CrEatea ....cciciiiiiieciie et e estee ettt e sttt e e st te e e st e e e sateeeessteeesasaeeesnsaeeeasseeesnnsneeesseeaaans 72
Figure 8.11. Creating Lattice C/C++ Project fOr BOOTIOAUEN ......evuiruiruieieieieierie ettt ens 72
Figure 8.12. BOOtI0ader C/CH+ SEIECTION ....c..iiuirtiitieiieeteeeie sttt ettt ettt et ettt e e b sbesbe bt e st et e s tessebesaesbeeneeneenes 73
Figure 8.13. C/C++ Lattice TOOIChAIN SEELING .....ccveeeiiiiitieceiee ettt ettt ettt ettt sveeetre e stbeeeaeeesabeeeaseesabeeesseesabeeesseesareensneens 74
Figure 8.14. BoOtIoader C ProjECt CrEated .......cccuiicicuiieeeiiieeeeiiee e et e e ettt e e ettt e e eeteeeesabbeeeeabeeeeeasaeaesatsseeassseeeensaeeesseeaans 74
Figure 8.15. Creating C/C++ Project fOr FFEERTOS .....cccviiiieeeiteeeeite ettt eetteestteeetreesteeetaeestreeetaeesabeesaseesabeeesseesabaessseessreensseens 75
Figure 8.16. FFE@RTOS C/CH+ SEIECTION ...cvviiteiectie ettt ettt ctte et e st e et e e stre e tee e stbeestbeestbeeesseesabeeesseesabaessseesabeeasseesareensreens 75
Figure 8.17. Fre€RTOS ProjECt CrEated ....cccuviiiieeiiieciieeeceeeeetee e seee e ettt e e e s tte e e saaeeeesataeeeensteeesssaeeesnsaeesansseeesnnsneessnseneanns 76
Figure 8.18. Copy the CRC and NOCRC Add filES......uuiiiuiiiiiiiiieeite ettt ettt sttt et e st st e e sane e saneesnee e 76
Figure 8.19. Paste in Fre@RTOS C PrOJECT ....uiiiiiiuiiiiiiiiei ittt ettt ettt e e s e e s e se e e smre e e s smne e e s e nr e e e snnneessaneeesans 77
FIgUIE 8.20. COPIRA TOXE FIlBS ..eiiiiiiiiiiiiieeeitieeeect e ettt e e e ettt e e et e e e eetteeeeeabeeeeetbeeeeesbaeeesabaeeeasseseaassaeaesasasaeassseeannsaeeesseeaans 77
Figure 8.21. Updated Primary AGGrESS.......uuee i iiiiiiiiee e e ettt e e e eertttt e e e e e e e st bateeeeeaesebataeeeaeseesnstaaeeeaesesanssatseaseeesnnsrenns 77
Figure 8.22. Add the fw_softreset() Function to Enable MuUlti-BOOt ..........ccecciiiiiciiee e 77
Figure 8.23. Update crc_add_deDUG.EXE ..cccuiiii ettt et e e e tre e st e e e st e e e e e tte e e easaeeesataeeeansseeesnsaeeesnsanaaans 78
(S T-U R T S W] Yo -1 d = a o ool ¢ o= o Lo 1 ¢ P 78
Figure 8.25. OPEN LINKEI.LA Fl@ ....uviiieieeeeeee ettt et e e et e e et e e ste e e e sa e e e e e ssteeesnsaaeesnsaeeeannseeesnnneeesnnenenans 78
Figure 8.26. Update LINKEI.Ia FIl ......oo ittt ettt ettt et ettt e s it e e sab e e ae e e sareesneeesaneenneeens 79
FIBUIE 8.27. WOOTKSPACE ...eeeeiiitiee ettt ettt ettt e ettt e e ettt e e e ettt e e eetaeeeeetaaeeeaabeeeeesseeesassaaeeaabaeeaanssaseaassaeeesasaseeassseeanssaeeesseeaans 79
Figure 8.28. BUild BOOTIOAAET PrOJECT.....cccccuiiieeeiiee ettt ettt ettt ettt e e ettt e e e et e e e e ateeeesabbeeeesbeeeeessaeaesatasaeasseeeeansaeeesaseeaans 79
Figure 8.29. Bootloader Build Project ConSole OULPUL.........cciiciiiiiiiieeccieee ettt e e rtre e e e ite e e eeaaa e e e sataeeeearaeesnsaeeesasaeeans 80
Figure 8.30. BOOtIoader BiNary CrEated .........icccciiieiiiieeeiiieeeeiiee e etee e estte e e e e tte e e sataeeesataeeeenssaseessaeessnsaeeeansseeesnnsaeeessseeaaans 80
T I 0 B R o o T o 1= A =Y PP PUPPRRRPINt 81
Figure 8.32. Select Release as CoNfiUIAtioN .........iiiiuiiie ettt e e e e e e et e e e aae e e e sataeeeenneeeesnnneeesnneeeans 81
Figure 8.33. Set Release as Active CONFIGUIAtION .......ooiiiiiiiiiiiiii ettt sttt sar e e saneesaee s 81
Figure 8.34. Adding Post Build Step for FreeRTOS Application CRC Binary Append .........cocceevieereeenieenieeenieenieesreeneens 82
Figure 8.35. BUild C_primary_app C/CH+ PrOJECE....couiiiieeeueeecteeceiee ettt eetteesveeetreestteeetveestveeeaseesabeeeaseesabeeesseesareensseesareensneens 82
Figure 8.36. FreeRTOS App Build Project CoNSOIe QULPUL ......eiiiiiiieiiiiiie ettt e e e earar e e e e e e e snraer e e e e e e snnneees 83
Figure 8.37. FreeRTOS App Binaries Created with CRC and WithoUt CRC ..........cooiiiiiiiiiiie ettt 83
Figure 8.38. SPI Flash Manufacturer Parameters Changes in QSPI Read FUNCLION ......cooveiviiirieiniieinieeieesieesie e 83
Figure 8.39. OPEN ProPel BUIIAET ....cii ettt ettt et e e ettt e e e et e e s ete e e e sataeeeassteeesnsaeeesnsaeeeanneeeesnsneeesnsenaaans 84

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

[T U R (O I o o oY 2 LU ] o L= Yo TG o o [ ot PN 84
Figure 8.41. System Memory HIBhIIBITEM ........oouiiiiiiieee ettt st sareesaee s 85
Figure 8.42. System Memory IP CONIGUIAtION ... ..couiiiiiiiiiiieie ettt sttt sare et esar e e saee e sareesaee e 85
Figure 8.43. Initialize System Memory with c¢_primary_bootloader.mem........cccocieiiiiiiiiniiiie e 86
FIGUIE 8.44. CHCK GENEIAtE. ... ..uiiiiieee ettt ettt e ettt e e e e e ettt et e e e e e e e e et bateeaaaaesesassaaeaaaseaasssasseaeeeesanssaaseasasesnnnsrrnns 86
Figure 8.45.Bootloader File Updated in SYSTEM IMEMOIY ....ccccuiiiiiiiieecciieeeeiie e eetee e e stte e e e eate e e eeataeeestaeeeeabeeeensaeeessaeaans 87
FIZUIE 8.46. ClICK FINMISN «.eeiiiiiiiee ettt et e et e e e et e e e e tbe e e e sabeeeeetbeeeeasbaaeesataaeaasseseeasbaseeaasasaeanssseeenssaeeesassnaaans 87
T U R A U] oI To [ = o ol o 1PN 88
Figure 8.48. Lattice Radiant 2024.1 WiNGOW..........uieicuiieeeiiieeeeiieeeseieeeestteeeetteeesataeessataeeesssesesnssaesesssssesassesesnnssesesnsseeaans 88
Figure 8.49. CONSraiNt FIlES FOIARI ....uuiiiieiii ettt e ettt e e et e e st e e e s e e e e s sste e e e aseeeesnsaeeeansseeesnseaesanseeaaans 88
Figure 8.50. Add Existing Pre-Synthesis CONSTIAiNt ........ccccuiiiieiiiiiiiiiee e eeiee e siee e e ste e e st e e s eaaee e e sataeeesateeesnnaeeesnseeeenns 89
Figure 8.51. Select clock_conStraint.SAC filE.......cuuiiiiiiieee e e s 89
Figure 8.52. Select soc_board_constraint.pdC FilE.........cocuiiiiiiiiiicieee et e et e et e e e e ta e e e et e e e eaaaeeesbaeaeans 90
Figure 8.53. Pre and Post-Synthesis Constraint Files Added .........cccuiiiiiiiii ittt e e eaae e e s vaee e 90
T U Y B UL T oL (o d (o = =T = VPN 91
Figure 8.55. Strategy Used for CertusPro-NX GSRD TeSTING ........ciiiciieeiiiiieeeiee e eteee e stre e e s te e e seatee e e sta e e e e aee e e snsaeeesanaeeens 91
Figure 8.56. GENErating the Bit Fil .....cuciiiiiiie it e e et e e st e e e st e e e s ete e e s aseeeesataeeeanteeesnnsaeeesnseeaaans 91
Figure 8.57. Successful Radiant Flow and Bitstream GENEration .........ccccuieeeecieriiciieeerieeeeiee e esee s e s e e saee e e saaeeeeas 91
Figure 8.58. Launch Radiant Programmer from Windows Start..........coocuioiiiiiiioiiiinieieceeeeeee et 92
Figure 8.59.Radiant Programmer Getting Started WINAOW ..........ccoiiiiiiiiiiiiniieieee ettt 92
Figure 8.60.Error if NO HW B0oard iS CONNECLEM ......ccuuiieiiiieeeeiiee et e ettt e eette e e et e e e etaeeeetbee e eeataeeesataeaeensseeesnsaeeesaseeaans 93
Figure 8.61.0pen Deployment Tool from Radiant Programmer ..........ccccuveeeecieeeieiiieeeciieeeesteeesereeeestaeeeeaseeesnnsaeeesnneeanns 93
Figure 8.62.Deployment TOO! STart WiNAOW..........uiiiiiie e et e st e et e et e e e s r e e e s et e e e sataeeesataeeeessseeesnsaeessnseeaanns 93
Figure 8.63. Options for Creating NeW DEPIOYMENT ......ccc.iiiiiiiii ettt ste e e see e e st e e s eaae e e e sataeeesnteeesnsaeeesnseeaaans 94
Figure 8.64. External Memory Step 1 of 4: Select INPUL FIl@S......ooi it e s e 94
Figure 8.65. External Memory Step 2 of 4: SeleCt OPtiONS........eiiiiiiiiiiiieieett ettt st e s e sireesaee e 95
Figure 8.66. External Memory Step 2 of 4: MUItI-BOOT........coiiiiiiiiie e 96
Figure 8.67. External Memory Step 3 of 4: Select OULPUL FIlE(S) ..ioouieiiiiriie ettt e rae e e aae e 97
Figure 8.68. External Memory Step 4 of 4: General DevelOpPMENTt........cccuuiiieiii ettt e aae e 98
Figure 8.69. MCS File Generated SUCCESSTUIIY .......iii it e e e e e et e e e e etae e e e sataeeeeateeesnsaeeesasanaans 98
[ Fq U I T 1 =] o Yol PSRN 99
FISUIE 9.2, CUSTOMIZE IP oiiiiiiiiiiiee ettt s ettt e e e s s ettt e e e e s e aabareeeeesesaasbaeaeeeeessassbasaaeeeessasssssaneeasesssanssnneeesesesnnsnrens 99
Figure 9.3. TCL Console Output After Desired CUStOMIZAtION ...cc..eiiiiieriiiiiiie ettt 100
Figure 9.4. Validate Design Again if ANy [P is UPdated ........ccooiieiiiiiiiiiiiiiieet ettt s 100
Figure 9.5. Generate Again if ANy IP IS UPAAted ......cccuiii ittt e e e st e e e ee it e e e e eaae e e e e abaeeeeasbeeeennaeas 100
Figure 9.6. New sys_env.XmMl File GENEIAtEU..........ccociiii ittt e et e e et e e e et e e e e sabe e e eeaaeeeeaaeaaeaabaeeeenseeeeesnneas 100
Figure 9.7. Update LattiCe C/CH+ PrOJECE ...ueciuiiiirieeiieeciee ettt eeeeeeteeestte et e eeteeeeteeestaeebee e taeebesessaeebesesaeenbesensaeeseseseeenseas 100
Figure 9.8. Update System Dialog WINAOW .......cc.uiiiiiiiie ettt eetee sttt e et e e tre e s tae e e s sat e e e e nsae e e snsaeaesstaeeeensseeesssnens 101
Figure 9.9. NeW IP VEIrsioN DETAIIS .....cccuiiiiiiiie ittt ettt e e e ettt e e et e e e s aaeeeenteeeesnseeeesnnaeaeessneeennseeeesnnnens 101
Figure 9.10. Generate BSP and TooIChain Parameters.........ceicciiiiiciiie ettt et e e e e e s aae e e et e e e e e e e snneeas 102
Figure 9.11. Confirm the ChanEES .....c.c.eiiiiiiiiiiiiiieee ettt ettt et s bt s be e s bt e e bt e s bt e s beeebe e e sbeeebeeeseesnneas 102
Figure 9.12. Confirm the Configuration Changes in sys_platform.h...........cccooiiiiii e, 102
Figure 10.1. Add SSH KEYS INTO GITNUD ...cooiiiiieiiie ettt e et e et e e e st e e e eeba e e e eaaeeeeaabaeeeensaeeeensaneas 104
Figure 10.2. Copy U-BOOt LiNK fOr ClONING ... ..iiiiiiiiiciiee ettt s e e et e e et ae e e s tae e e e sat e e e ssasaeeesasaeaesstaeeeansseeeensanens 104
Figure 10.3. U-Boot Binaries and Symbols GENEIated ..........ccccuiiiiiiiieiiiiee ettt e e e e e e tae e e aae e e e satae e e ere e e ennaneas 105
Figure 10.4. Check if U-Boot Binary Cross-Compiled COrTECLIY .....couviiiiiiiiiieiiii ettt e s e e e e e e 105
Figure 10.5. Menuconfig — Search for QSPI CONFIG.........cuuieiiiieieeciiee et e e et e eeree s ete e e e st e e esnae e e snaeeeesssaeeennseeeesnnnens 106
Figure 10.6. Menuconfig — Press Space to select WIinbond QSP ........coceiiiiiiiiiiiienii et 106
Figure 10.7. Menuconfig - Select MacronixXx QSPI .........cuiiiiiieriieeie ettt et sbee s be e s sbeesbeeeneesaneas 107
Figure 10.8. Menuconfig - Save > Ok > Exit to save the .config file ... 107
Figure 10.9. BOOT-UP FIOW fOr U-BOOT......ccoiiiiieeiiii e eciiee ettt ettt e ettt e e ettt e e e et e e e e tteeeeeabeeeeeasaeeessseaaeanteeaeansseaeesnneas 108
Figure 10.10. Set TCK Divider Settings to 4 for Flash Programming ........c..ccccciiiieciieeiciiiee et svee e e stee e et 109
Figure 10.11. U-Boot SSBL — Winbond QSPI Programming .......ccceeerieriietiriieriieeeriiesiieesseessieessueessteesssaesssesssssesssesssssesssens 109
Figure 10.12. U-Boot SSBL - Macronix QSPI ProgramminNg .......c.eeeeiueeeiiieeeeeiiieeeeeieeeesieeesesireeeseneeessnseesssnreeesesseessnneens 110

www.latticesemi.com/legal


http://www.latticesemi.com/legal

Golden System Reference Design and Demo User Guide v2.0 for CertusPro-NX Devices

= LATTICE

Reference Design

Figure 10.13.
Figure 10.14.
Figure 10.15.
Figure 10.16.
Figure 10.17.
Figure 10.18.
Figure 10.19.
Figure 10.20.
Figure 10.21.
Figure 10.22.
Figure 10.23.
Figure 10.24.
Figure 10.25.
Figure 10.26.
Figure 10.27.
Figure 10.28.

Primary_AppCrc — Winbond QSPI ProgrammMing .........coecueerieenieenieenieenieeseeesieeseeesreessseesssesssseesssessenens 111
Primary_AppCrc — Macronix QSPI Programming........cceeeieieeiiiieereiieee e esreeessiree e sneeessneeesesnree s snneeas 112
Configure sysmem with u-boot-spl.mem
Validate and Generate the DESIZN.........uiiiiii it e e e st e e e e e e e eaer e e e e e e e eeeaarraesaeaseeans
Design > Validate the Design
Design > Generate the Design
Open Radiant and Trigger build..................
Program the Bitstream with SPL Built-In ....
U-Boot Booted-up on UART TeIMINGl......cceiciiiiiiiiee et see et e eetre s st e e et e e enaa e e e sata e e e enenae e ennneas
FreeRTOS is Booted-Up on UART Terminal
OpenOCD Directory
Copy the U-Boot Binaries to the OpenOCD Directory
OpenOCD is Connected
(C1 0] Y =Y T [OOSR 118
U-Boot Booted-Up on UART Terminal
FreeRTOS is Booted-Up on UART Terminal

© 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-02300-1.1


http://www.latticesemi.com/legal

. . i . an
(Ri:::fennizslt)irsr;g:eference Design and Demo User Guide v2.0 for CertusPro-NX Devices H- LATTICE

Tables

Table 1.1. SUMMArY Of The SYSTEM .. ...eiii et e e e e e e s e e e st e e e e esseeeesnteeeestaeesansseeesnsaneesnsteeennnnns
LI Lo 1T R Y =Y T o LR SPPPRRNE
1] o] LI S Ty Yol o T=T o o LSRR
Table 2.3. SyStemM LEVEI INTEITACES ....cooueiieeieeieeite ettt et ettt h e e s bt e bt et e satesae e s bt et e et e eabesatesaaesaeesaes
Table 2.4. Address Map Of GHRD .........uiiiiiiie ettt e ettt ettt e e e sttt e e e e tte e e e eaaaeeesabaeeeansaeeeesssaaeastaeeeanssesesssaeeeasteeenanses
TABIE 3.1, TOPAEVEI I/ ettt ettt et e bt e et e e be e e beeebee e beeebesebaeeabeseseeeabesenseeeabesenseesabasenseesaresensnennts
Table 6.1. GSRD Total RESOUICE ULIlIZAtiON ........veiieeiiee ettt stee e e e e e e tre e e snteeeesstaeeeeanaeeesasaeeeensteeennnnns
Table 7.1. Executable Files for Winbhond FIQSh ............oeoiiiiicie ettt st e e et e e e tae e e s naee e e snteeeennns
Table 7.2. Flash Devices Supported on CertusPro-NX Boards .

© 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-02300-1.1 9


http://www.latticesemi.com/legal

= LATTICE

Abbreviations in This Document

A list of abbreviations used in this document.

Abbreviation Definition

AHBL Advanced High-performance Bus-Lite

AXI Advanced eXtensible Interface

APB Advanced Peripheral Bus

API Application Programming Interface
AXl4-Lite Advanced eXtensible Interface-Lite

GPIO General Purpose Input/Output

CPU Central Processing Unit

DDR Double Data Rate

FIFO First-In-First-Out

FMC FPGA Mezzanine Card

ISR Interrupt Service Routines

LMMI Lattice Memory Mapped Interface

LPDDR4 Low Power Double Data Rate Generation 4
MPMC Multi-Port Memory Controller

QSPI Quad Serial Peripheral Interface

RISC-V Reduced Instruction Set Computer-V

RTL Register Transfer Level

SFP Small Form-Factor Pluggable

SGDMA Scatter-Gather Direct Memory Access
SGMII PCS and GbE Serial Gigabit Media Independent Interface
SoC System on Chip

TSE MAC Tri - Speed Ethernet Media Access Controller
UART Universal Asynchronous Receiver-Transmitter
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1. Introduction

1.1. Overview of the System

The Lattice FPGA-based GSRD SoC design presented herein is aimed at providing a versatile and efficient platform for
embedded applications requiring high-performance computing, memory access, data transfer capabilities, and network
communication. By integrating various components onto a single FPGA chip, this design offers flexibility, scalability, and
cost-effectiveness for a wide range of applications.

The Lattice Golden Hardware Reference Design (GHRD) is a System-on-Chip (SoC) that can be used as a baseline design
to create FPGA applications as per the user requirements. It is a RISC-V based design that interacts with various Lattice
Soft-IPs and peripherals such as GPIO, UART, 12C, Timer, Tri-Speed Ethernet MAC (TSE MAC), QSPI Flash Controller,
Scatter-Gather DMA (SGDMA) and LPDDR4 Memory Controller. All these building blocks are connected through
industry standard protocols such as AXI4-Full, AXI-Steam for data transfers and AXI4-Lite, APB for control.

The Lattice Golden Software Reference Design (GSRD) is a comprehensive embedded system which incorporates
drivers and relevant firmware needed to operate various design components. Free-RTOS and First Stage Bootloader
(FSBL) is built on RISC-V RX CPU Core. The primary function of FSBL is to initialize the hardware blocks in the design
using the respective IP drivers and ensure the integrity of the firmware by performing CRC check.

GHRD and GSRD are integrated together to establish a complete system for which relevant binaries and executables
are generated by Lattice SW tools such as Propel SDK, Propel Builder and Radiant to program the FPGA Hardware.

As a part of multi-boot demo, the executables folder comprises of compatible binaries and executable images, such as
FPGA Bitstream (.bit) and Firmware Binary (.bin) for both Primary and Golden GSRD projects. The only difference is that
the Primary bitstream contains the code for multi-boot enablement and Golden bitstream does not enable multi-boot.

GSRD for CertusPro™-NX device is developed and tested with the following Lattice Propel™ and Lattice Radiant™
software versions.

Notes:

1. The SGMll interface using LVDS 1/0 has limitations when operating across the full specified temperature range.
Lattice recommends using alternative interfaces, such as SERDES or RGMII, for designs requiring Gigabit Ethernet.
Refer to the Knowledge Database article for details. Contact your local Lattice sales representative for more
information.

2. The Golden System Reference Design and Demonstration for CertusPro-NX version 3.0 is available in the
GHRD/GSRD Reference Design and GHRD/GSRD Demonstration web pages. Refer to this reference design and
demonstration for the SGMII interface that is implemented using SERDES.

1.2. Quick Facts

Table 1.1. Summary of the System

Supported FPGA Family CertusPro-NX
SoC Requirements
SoC Version 2.0
Targeted Devices LFCPNX-100
FPGA Device(s)
Supported User Interface AXI4-Full, AXI4-Lite, AXI-Stream, APB
Lattice Implementation Lattice Propel Software 2024.1
| |
Design Tool Support P Lattice Radiant Software 2024.1.1
Synthesis Synopsys® Synplify Pro®
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1.3. Features

The key features of the system include:

e FPGA device supported in this document is CertusPro-NX

e  RISC-V RX CPU Core, SGDMA, TSE MAC, LPDDR4, and QSPI Flash Controller over AXI4 Interface
e Low-speed peripherals like GPIO and UART

e Bootloader, Primary and Golden FreeRTOS Application

e Application Firmware’s CRC check by function implemented in RISC-V RX bootloader code

e  FPGA bitstream CRC check done by FPGA Configuration Engine

e Manual and Automatic Multi-Boot capability

e  FreeRTOS Application Software is run on LPDDR4 MC

e  256-bit AXI4 LPDDR4 data width to support 32-bit data to DDR at 400/533 MHz operating frequency
e  AXI4/AXI4-Lite and APB Peripherals at 100 MHz

e 1 Gbps Ethernet throughput through SGMII SFP support at 125 MHz

1.4. Naming Conventions

1.4.1. Nomenclature

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

1.4.2. Signal Names

Signal names that end with:
e _nare active low (asserted when value if logic 0)

e _iareinput signals
e o are output signals
e o are bi-directional input/output signals
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2. Functional Description

The GSRD/GHRD SoC architecture comprises of a RISC-V CPU core, LPDDR4 Memory Controller, SGDMA controller,
QSPI Flash Controller, and a 1 Gbps TSE MAC, interconnected through a combination of high-speed and low-speed bus
fabrics such as AXI4 Interconnect and APB Interconnect. This architecture enables seamless communication and data

exchange between the components, facilitating efficient operation and system performance.

2.1.

System Architecture Overview

2.1.1. CertusPro-NX Architecture

= Ele—=—]  [a]e 32 >
—»{ 2 | SGDMA 7w =] AXI4 1C = MPMC [, [€—256—)| LPDDRAMC |«—32—) External DDR
i [ €—32—>{ &1 @ ¢ 3 ) @4_32_>£| 4
,")|T| ,?l
8 8 AX14
™ > N > System Mem
¢ E Resgl;::er Boot-Loader
=] =] 2] GPIO
TSEMAC [« 2 2]
N UART
= | Axia-ars APB d
| * E g Bridge > Interconnect
SGMII SGMII AXI41C 12¢
Reset Control GSRD Central
Interconnect
> Multi-Boot
SGMII PCS/PHY Clock Control Config
QSPI Flash ) - External SPI
A @ 3 >  cController | g Flash
Figure 2.1. GHRD Architecture on a CertusPro-NX Device
The design includes the following components:
Table 2.1. IP Versions
Soft-IP IP Version
RISC-V RX Processor v2.4.0
LPDDR4 Memory Controller v2.3.1
System Memory v.2.2.0
QSPI Flash Controller v1.2.0
General Purpose 1/0 GPIO v1.6.2
UART v1.3.0
12C Controller v2.0.1
AXI4 Interconnect v2.0.1
APB Interconnect vl.2.1
AXI to APB Bridge v1.2.0
Tri-Speed Ethernet MAC v1.6.0
SGMII PCS/PHY V1.6.2
SGDMA v2.2.0
AXI14 Register Slice v1.0.0
Multi-Boot Configuration v1.0.0
© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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Soft-IP IP Version
PLL v1.9.0
0sC v2.1.0

Each component in the block diagram is instantiated using the IP in Propel Builder. The IP features and parameters are
described in the IP Configurations section.

The signals in each interface are described in the Signal Description section.

2.2. Clocking

This section describes the reference design clocking scheme. There are some minor differences between the clocking
scheme and the Lattice CertusPro-NX device. Refer to the CertusPro-NX Clocking Overview section.

2.2.1. CertusPro-NX Clocking Overview

There are five clocks in GSRD CertusPro-NX Architecture. They are as follows:

e  External Reference Clock for DDR4 is 100 MHz

e  External Reference Clock for TSE MAC is 125 MHz

e  On-Chip Oscillator Clock is 125 MHz

e  RISC-V Realtime Low-Frequency Clock derived from OSC inside the FPGA Config IP
e Internal System Clock derived from FPGA PLL is 100 MHz

Eg— DDR4 Ref Clk = 100 MHz —————————— )| LPEII:::R“

Eﬂ—— 1Gbps Ref Clk= 125 MHz——— | TSE MAC
Low-Frequency Clock
from OSC Realtime Clock » RIscv
inside FPGA Config 0.032Mhz d
Logic
L':)l:T(SeZ System Clock
> loon | 100MHz —>
P To AXI4/APB/AXI4-Lite
(PLL) SGDMA QsPI 12¢ Glue Logic

System GPIO UART Timer
Memory

CertusPro-NX GSRD Clocking

Figure 2.2. Clocking Structure for CertusPro-NX GSRD
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2.3. Reset Scheme

There are two resets in the entire design:

e External Asynchronous Reset which is controlled by a push button
e Synchronous Reset for entire system is generated from RISC-V

Table 2.2. Reset Scheme

= LATTICE

rstn_i

Reset Signal Source Destination Description
rstn_i Board Pushbutton PLL reset input and Reset the PLL
Synchronizer
cpu_rstn_i PLL Lock and synced RISC-V RX reset input Release RISC-V RX from reset pin, synchronizer

and PLL lock

system_rstn_o

RISC-V RX output

All components in system

RISC-V RX output reset provides reset to all
components in the design. This also triggers the
reset during CPU OCD debugging mode.

— rstn_i —|

LPDDR4
MC TSE MAC
PLL —I
lock »
RISC-V Systtem

Reset resetn_o SGDMA QsPI Glue Logic

Sync >
System GPIO UART
Memory

Figure 2.3. Reset Structure for CertusPro-NX GSRD

2.4. IP Configurations

The reference design is created using Lattice Propel Builder. The top-level HDL file is generated by Propel Builder and is
used as the top module for the design. The design parameterization is performed by configuring the IP in Propel

Builder. This section describes the following IPs and their configuration.

2.4.1. RISC-V RX CPU Core

For more information about the IP core including register map information, refer to RISC-V RX CPU IP Core User Guide
(FPGA-IPUG-02241). The RISC-V RX CPU IP has AXI-based instruction and data ports. The instruction ports are
connected to the memory that contains the bootloader software or the FreeRTOS application software for CPU
execution. The data port is connected to the memory and peripherals for control.

www.latticesemi.com/legal
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“ Module/IP Block Wizard x

Configure Companent from Module riscy_rtos Version 2.4.0
Set the folloving parameters to configure this component.

Diagram cpu Configure TP

Genersl Debug Buses Interrupt UART

C| p u Property Value

Processor Mede {Balanced

RQSZ Reset Vector 32'h0D00D000
RQS3
[HIRQ 54

IRQ S5  AXI M _DATA-j|—

[HIRQ S6  AXI M _INSTR4|=
RQ_S7 system_resetn_of—
clk_realtime i
clk_system_i
rstn_i
riscv_rtos
L » E
Document Mo DRC issues are found.
Figure 2.4. CPU Configuration — General
“ Module/IP Block Wizard X

Configure Component from Module riscy_rtos Version 2.4.0
St the following parameters o configure this component.

Diagram cpu Configure 1P
= General Debug Buses Interrupt UART
Cpl_l Property Value
Enable Debug
—_ RQ_SZ Enable Debug On Off Control Port
JTAG Type Hard

= RQ—S3 JTAG Channel Selection for Certain Devices [14-16] 14
IR 59
—HIRQ S5 AXI_M_DATAH|~

-_ RQSG AXLMJNST —
-_ RQ_S7 system_resetn_o—
—clk_realtime_i
— clk_system_i
—rstn_i
riscv_rtos
Document No DRC issues are found.

Figure 2.5. CPU Configuration — Debug
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“ Module/IP Block Wizard

Configure Component from Module riscv_rtos Version 2.4.0

Set the following parameters to configure this component,

cpu

[Hra_s2
[Hra_s3
IRQS4
[HrQ_s5
[Hra_s6
EIRQ_S?
EIRQ_SB

rstn_i

clk_realtime_i

clk_system_i

AXI_M_DATAH—
AXI_M_INSTRHH—

system_resetn_of—

riscv_rtos

Document

Configure 1P

General Debug Buses

Enable Local Bus

Enable AXI Instruction Ports

AXI Instruction Interface Register Slice Type
AXID Width

AX| Data Ports ID Number [0- 3]

AXI Instruction Ports D Number [0- 3]

Enable CFU Ports

UART

Generate Cany

Figure 2.6. CPU Configuration — Buses

Set the folk

Configure Component from Module

“ Module/IP Block Wizard

riscv_rtos Version 2.4.0
f this

rstn_i

[Hra_s7
[Hmrq_ss

clk_realtime_i

system_resetn_o|

clk_system_i

riscv_rtos

Diagram cpu
cpu
[Hra_s2
[Hra s3
EIRQM
AXI_M_DATAH—
AXI_M_INSTRHH—

Document

Configure 1P

Genersl Debug Buses

Enable Non-maskable Interrupt

Enable Interrupt for Superviser Mode
Width of Interrupt Priority Register [2 - 3]
Number of User Interrupt Requests [1 - 30]

Enable COC Register for IRQ_S2
Enable CDC Register for IRQ_S3
Enable CDC Register for IRQ_S4
Enable CDC Register for IRQ_S5
Enable CDC Register for IRQ_S6
Enable CDC Register for IRQ_S7
Enable CDC Register for IRQ_S8

3
7

Can

Figure 2.7. CPU Configuration — Interrupt
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“ Module/IP Block Wizard *

Configure Component from Module riscv_rtos Version 2.4.0
Set the folloving parameters to configure this companent.

Diagram cpu Cenfigure IP
= General Debug Buses Interrupt UART
Cp u Property Value

Enable UART Instance

RQSZ
RQ_S3
[HIRQ s4
Rst AXI?M?DAT
RQ_SG AXI_M_INST—
RQ_S? system_resetn_of—

—{clk_realtime i
—clk_system_i
—rstn_i
riscv_rtos
, i
Document MNo DRC issues are found.

Figure 2.8. CPU Configuration — UART

2.4.2. LPDDR4 Memory Controller

For more information about the IP core including register map information, refer to Memory Controller IP Core for
Nexus Devices (FPGA-IPUG-02127).

The LPDDR4 Memory Controller IP enables access to the external LPDDR4 memory modules. The memory can be used
to store CPU software code and data.
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* Module/IP Block Wizard

Configure Component from IP memory_controller Version 2.3.1

Set the following parameters to configurs this component.

Diagram Ipddrd_mc_contrd

Ipddr4_mc_contr0

ddr_ca_o[5:0]

ddr_ck_o[0:0]

—EAPB_SD ddr_cke_o[0:0]
-— EAXLSD ddr_cs_o[0:0]
—aclk_i ddr_dmi_io[3:0]
—areset_n_i ddr_dq_io[31:0]
—pclk_i ddr_dgs_io[3:0]
—pli_refdk_i ddr_reset_n_o|
—pll_rst_n_i init_done_o
—{preset_n_i irg_o
—rst_n_i pll_lock_o!
sclk_o!

trn_err_o|

memory_controller

Document

Configure IP

General
Property

Memory Device Timing

~ General

1/0 Buffer Type
DDR Command Frequency (MHz)

Enable Power Down
Enable DEI

~ Clock Settings

PLL Reference Clack from Pin

~ Memory Configuration
DDR Density (per Channel)
DDR Bus Width
MNumber of Ranks
MNumber of DDR Clocks

~ Local Data Bus
Data Width
1D Width
Write Ordering Queues
Read Ordering Cueues

Enable Local Bus Clock
Enable APE I/F

No DRC issues are found.

Value

LVSTL_|

4Gb
32

256

s

g~

Training Settings

Generate

Calculste

Cancel

Figure 2.9. LPDDR4 MC Configuration

2.4.3. QSPI Flash Controller
For more information about the IP core including register map information, refer to QSPI Flash Controller IP User Guide
(FPGA-IPUG-02248).

The QSPI Flash Controller is a four tri-state data line serial interface that is commonly used to store, program, erase and
read SPI Flash memories. QSPI enhances the throughput of a standard SPI by four times since four bits are transferred
every cycle. In GSRD, the QSPI is used to store the application software and bitstreams for both Primary and Golden

systems.
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4. Module/IP Block Wizard ped
Configure Component from IP qspi_flash_controller Version 1.2.0
Set the following parameters to configure this component.
Diagram qspi0 Configure IP
Property Value M
~ Interface Settings
Main Interface AXl4
AXI4 1D Width [0 - 32] 4
Data Endianness Big-endian
~ 10 Primitive
Enable |0 Buffer [~]
~ SPI Configuration and Transfer Settings
Supported Protocol Quad
qspio Number of SPI Target [1 - 32] 1
SPI Clock Polanty 1
INTRH SPI Clack Phase 1
qspi_io0
. Chip Select High Time (ns) 30
—EAXH qgspi_iol -
- Clock Frequency Settings
—a_clk_i qspi_io2 System Clock Frequency (MHz) [1 - 200] 100
—a_reset_n_i qspi_io3
sclk_o SPI Clock Frequency Divider 2
ss_n_o[0:0
N_0[0:0] = ~ Flash Address Mapping
- Enable Flash Address Mappin
gspi_flash_controller [y
~ Flash Commands
Read Status Register 1 8'h05
Read Status Register 2 8'n35
Read Status Register 3 8'n15
Read Configuration Register 8'nB5
Read ID 8'hoF
Read Electronic ID 8'hAB
Multiple 10 Read 1D 8'hAF
Read Manufacturer and Device ID 8'h90
Read Manufacturer and Device ID Dual 10 8'h92
Read Manufacturer and Device ID Quad 1O 8'ho4
L Read Data &8'h03
d L Cact Raad QN <
Document No DRC issues are found.
Generate | Cancel

Figure 2.10. QSPI Flash Controller Configuration

2.4.4. Tri-Speed Ethernet MAC

For more information about the IP core including register map information, refer to Tri-Speed Ethernet MAC IP User
Guide (FPGA-IPUG-02084).

The TSEMAC IP core is a 10/100/1000 Mbps network interface as per the IEEE 802.3 standard. It is complex core
containing all the necessary logic, interfacing and clocking infrastructure to allow integrating an external industry-
standard Ethernet PHY with an internal processor, with minimal overhead. The GSRD requires the SGMII Easy Connect
to support 1 Gbps data-rates.
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% Module/IP Block Wizard =
Configure Component from IP tse_mac Version 1.6.0
Set the following parameters to configure this component.
Diagram tse_macO Configure IP
Property Value
~ General
Host Interface APB
Select IP Option MAC only
Include MIIM Module
Statistics Counter Registers
= Configuration
tse_mac0 Select MAC Operating Option | SGMII Easy Connect
B_S0
AXIS_Mi
15_50
T
cpu_if_gbit_en_o
rx_eof_o
et rx_error_o|
[ ! rx_fifo_error_o|
reset_n_i
rx_stat_vector_o[31:0]
rc_dv_i
. rx_staten_o|
rx_er_i
d 70 tx_discfrm_o
e 07:0) t_done_o
irxmac_dk_en_i
te_en_o
irmac_dk_i -
te_er_o
te_fifoctrl_
ti_macread_o
c_sndpausreq_i
tx_staten_o|
ite_sndpaustim_i[15:0]
tx_statvec_o[31:0]
bamac_dk_en_i e of7:0]
itemac_dk_i oL
tse_mac
4 »
Document Mo DRC issues are found.
Generate | Cancel

Figure 2.11. TSE MAC Configuration

2.4.5. SGMII PCS/PHY

For more information about the IP core including register map, refer to SGMIl and Gb Ethernet PCS IP Core (FPGA-
IPUG-02077).
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4. Module/IP Block Wizard

Configure Component from IP sgmii Version 1.6.2

Set the following parameters to configure this component.

Diagram sgmii0

sgmi)

MMI
debug_link_times_short_i
force_isolate_i
force_loopback_i
force_unidi_i an_link_ok ¢
gbe_mode i dlk_gdds_
me_adv_ability_i{15:0] ol
me_an_enable i as

me_main_reset i me_an_complete_
me_restant_an_i me_lp_adv_sbility_o[15:0]
operational_rate_i[1:0] mi_page_n(_¢
_clock_enable_source ¢
x_d_o[7:0)

v

e

ser_b

¢ dlock_enble_ source

usr_ck ¢

x_clock_snable_sink_i
b d_{7:0]

sgmii

Document

Configure TP
Property

~ General

(G)MII Style
RX CTC Mode

- Optional Ports

Use External PLL (remove internal PLL instance)
Enable Port: CDR Reference clock (input)
SGMII Core Register Access

No DRC issues are found.

Value

TSMAC Easy Connect

Dynamic

LMMI

Generate | Cancel

Figure 2.12. SGMII PCS/PHY Configuration

2.4.6. Scatter-Gather DMA

For more information about the IP core including register map information, refer to SGDMA Controller IP Core (FPGA-

IPUG-02131).

The SGDMA Controller IP core is to access the main memory independent of the CPU processor. It offloads processor
intervention. The processor initiates transfer to SGDMA Controller and receives interrupts on completion of the

transfer by the DMA engine. The core implements a configurable, AXI4-compliant DMA controller with scatter-gather
capability. It also implements the AXI4-Stream interface to support stream data from TSE MAC module. The AXI4-Lite
CSR interface is used to configure the control and status registers by the RISC-V CPU.

“ Maodule/IP Block Wizard

Diagram sgdmad

Canfigure Component from IP sgdma Version 2.2.0
‘Set the fallowing parameters to configure this companant.

sgdmal

XI4L
%XMS_RX Ax145_TH
axil_dk AXH*BD*M@
axil_rstn AXH_ME
o MM2S_IRGH

S2MM_IRGH

rstn

sgdma

Document

Configure 1P
Property Value

~ SGDMA Setting
AXI Data Width: 2
AX| Address Width: 2
AX D Width: [1- 8] 2
AX] Stream Data Width: 8
AX] Stream TDEST Width: [1-4] 4
AX] Stream TID Width: [1-4] 4

Memery Map to Stream FIFO Depth: 2048
Stream to Memory Map FIFO Depth: | 2048

No DRC issues are found.

Generate Cancel

Figure 2.13. SGDMA Configuration
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2.4.7. UART

For more information about the IP core including register map information, refer to UART IP User Guide (FPGA-IPUG-
02105)

The Universal Asynchronous Receiver/Transmitted (UART) Transceiver IP core performs serial-to-parallel conversion of
data characters received from a peripheral UART device and parallel-to-serial conversion of data characters received
from the host locater insider the FPGA through an APB interface.

. Module/IP Black Wizard x

Configure Component from IP uart Version 1.3.0
Set the following parameters o configure this component.

Dizgram uari) Canfigure IP

4] Property Value

~ General

System Clock Frequency (MHz) [2-200] | 100

Serial Data Width 8
Stop Bits 1
Parity Enable

~ Baud Rate
Baud Rate Type Standard
UART Standard Baud Rate 115200

~ UART Feature Enables
FIFO Enable

uart

Rx Ready Enable
T Ready Enable

Document Mo DRC issuss are found.

Figure 2.14. UART Configuration

2.4.8. GPIO

For more information about the IP core including register map information, refer to GPIO IP Core (FPGA-IPUG-02076).
The General Purpose Input/Output (GPIO) peripheral IP provides dedicated memory-mapped interface to configure the
GPIO ports as well as the number of input and output ports.

“ Module/IP Block Wizard x

Configure Component from IP gpio Version 1.6.2
Set the folloving parameters to configure this component.

Disgram gpicd Configure IP
| Property Value
~ General
Number of 1/ Lines [1 - 32] 8
Remove Tii-State Buffer
Initial Qutput Value (hex) [0 - FFFFFFFF] | 0
gp i00 10 Direction (hex) [0 - FFFFFFFF] FF
APB =) Interface APB
o INTRH
clk_i L
) gpio_io[7:0]
resetn_i
gpio
E
Al »
Document No DRC issues are found.

Figure 2.15. GPIO Configuration
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2.4.9. 12C Controller

For more information about For more information about the IP core including register map information, refer to 12C
Controller IP Core (FPGA-IPUG-02071).

The 12C Controller IP core provides a standard 2-wire external 12C bus interface. It supports out-of-band interrupt and
configurable transmit/receive FIFO size to minimize intervention by the host. In GSRD, it used to control the Marvel
PHY register space inside the SFP connector.

4. Module/IP Block Wizard X

Configure Component from IP i2c_controller Version 2.0.1
Set the following parameters to configure this component,

Diagram i2c0 Configure IP
=] property Value
~ General
APB Mode Ensble =
Remove Tristate Buffers
~ HFO
i2c0
FIFO Depth 16
Implementation of FIFO wr
PB_SO INT TXFIFO Almost Empy Flag [1 - 256] 2
RX FIFO Almost Full Flag [1 - 256] 14
clk_i scl_io - Clock

System Clock Frequency (MHz) [10- 2001 100
Desired SCL Frequency (kHz) [100-1000] 100

i2c_controller

Document No DRC issues are found.

Figure 2.16. 12C Configuration for SFP PHY Control

2.4.10. Multi-Boot Configuration Module

The Multi-Boot Configuration is used to trigger an internal FPGA REFRESH/PROGRAMN command to LMMI logic. This
core IP implements an APB endpoint which decodes the RISC-V CPU command data. The LMMI host FSM inside is used
to execute the soft reset to load the next or alternate bitstream and application software data onto the FPGA.

“ Module/IP Block Wizard X
Configure Compenent from IP fpga_multiboot_config Version 1.0.0

St the folloving parameters to configure this companent.

Diagram mbeonfigd Configure IP
] | property Value

~ General
SIM[O --> SYNTHESIS and 1 --> SIMULATION] | 0

mbconfig0

config_active

fpga_multiboot_config

Document No DRC issues are found.

Figure 2.17. Multi-Boot Configuration
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2.4.11. AXI Bridge Multi-Port Memory Controller

For more information, refer to AXI4 Multi Port Bridge for Memory Controller Module (FPGA-IPUG-02246). This is used

to enable 256-bit AXI data-bus to LPDDR4 MC.

4. Module/IP Block Wizard x
Configure Component from IP mpmc_axi Version 1.0.0
Set the following parameters to configure this component.
Diagram mpmc0 Configure IP
= General External Manager Settings
Property Value
~ General
mpmc0 Total External AXI4 Managers 2
1500
1501
axi_M00_aclk_i[0:0] Manager and Subordinate ID Width 4
axi_MO00_aresetn_i[0:0]
axi_S00_aclk_i[0:0]
axi_S00_aresetn_i[0:0]
axi_S01_aclk_i[0:0]
axi_S01_aresetn_i[0:0]
mpmc_axi
4 »
Document No DRC issues are found.
Generate | Cancel
Figure 2.18. MPMC Configure IP General
4. Module/IP Block Wizard x
Configure Component from IP mpmc_axi Version 1.0.0
Set the following parameters to configure this component.
Diagram mpmc0 Configure IP
= General External Manager Settings
Property Value
~ External Manager CDC Enable Settings
mpmc0 CDC Enable Manager 0 ENABLE
LS00 CDC Enable Manager 1 DISABLE
1 501 ~ External Manager Qutstanding Limit Settings
axi_MOD_aclk_i[0:0] QOutstanding Limit Manager0 8
axi_MO0_aresetn_i[0:0] Outstanding Limit Manager 1 8
. - AXLMOQe— "
axi_S00_aclk_i[0:0] ~ External Manager Data Width Settings
axi_S00_aresetn_i[0:0]
axi_S01_aclk_i[0:0]
axi_S01_aresetn_i[0:0] ~ External Manager Access Mode Settings
mpmc_axi Access Mode Manager 0 Read_and_Write
Access Mode Manager 1 Read_and_Write
Al » 7
Document No DRC issues are found.
Generate | Cancel

Figure 2.19. MPMC Configuration Manager Settings
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For more information about the IP Core, refer to System Memory Module (FPGA-IPUG-02073). The System Memory
implements EBR, LRAM, or Distributed Memory in either single port or dual port AHBL or AXI4 subordinate. In GSRD, an
EBR and single AXI4 port is used. The system memory in this design is used to store the bootloader.

. Module/IP Block Wizard X
Configure Component from Module system_memory Version 2.2.0
Set the following p to configure this ent.
Diagram sysmemd Configure IP
= General Port S0 Settings Port 51 Settings
Property Value
~ General
Interface AXl4
Sysm e m 0 Memory Address Depth [1 - 4055040] 32768
Data Bus Width(bits) 32
Memory Type EBR
Port Count 1
—[<=AXI_SO
- ECC Enable
—axi_aclk_i XD Vit y
~ Data Streamer
—axl resetn | Enable Data Streamer
system_memory | i
Initialize Memory
Initialization File Format hex
Initialization File .J.fAvant_RX_GSRD_Bootloader_Template...
v
1 >
Document Mo DRC isues are found.
Generste Cancel

Figure 2.20. System Memory Configuration

2.5. System Level Interfaces

Table 2.3. System Level Interfaces

Top-Level Interface Name z:::::::r g Description

Advanced eXtensible Interface 4 AX14 Used for Data/Control Interfaces on all IPs

Advanced eXtensible Interface 4 - Lite AXl4-Lite Used as Control Interface for SGDMA

Advanced Peripheral Interface APB Used as Control Interface for low-speed and LPDDR4 MC
Serial Peripheral Interface QSPI Used for communication with external SPI Flash

Dual Data Rate LPDDR4 Used for communication with external LPDDR4

1G Ethernet SGMII Used for communication with external SFP
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2.6. SoC Memory/Address Map
Table 2.4. Address Map of GHRD

Base Address End Address Size (kB/MB/1 GB) | Block

0x00000000 0x0003FFFF 256 kB CPU Instruction/Data RAM
0xF2000000 OxF20FFFFF 1MB CLINT (CPU)
0xFCO00000 OxFC3FFFFF 4 MB PLIC (CPU)

0xFO000000 OxFOOO003FF — Reserved_Spacel (CPU)
0xF0000400 OxF1FFFFFF — Reserved_Space2 (CPU)
0xFC400000 OxFFFFFFFF — Reserved_Space3 (CPU)
0x40000000 0x40000FFF 4 kB GPIO

0x40005000 0x400053FF 1kB 12C

0x40007000 0x4007FFFF 4 kB LPDDR4 APB
0x80000000 OxBFFFFFFF 1GB LPDDR4 AXI
0x40006000 0x40006FFF 4 kB Multi-Boot Config APB
0x40300000 0x4030FFFF 64 kB QSPI Flash Controller
0x40093000 0x400903FF 4 kB SGDMA

0x00000000 Ox0001FFFF 128 kB System Memory
0x40001000 0x40004FFF 16 kB TSE MAC

0x40090000 0x40090FFF 4 kB UART

2.7. Functional Operation

The GSRD system comprises of two SoCs (System on Chip) such as Primary and Golden. Each SoC is linked with its
respective First-Stage Bootloader (FSBL) and a FreeRTOS Application Software. These SoCs are built using Lattice Propel
SDK, Lattice Propel Builder, and Lattice Radiant software tools. The FPGA image comprises of the entire system and is
generated by the Radiant tool in the (.bit) bitstream format. The bootloader code is stored inside the system memory
and is part of the bitstream. The bitstream and the FreeRTOS application software are stored into the external SPI Flash
(Macronix or Winbond).

During power-on, the Primary FPGA image is loaded into the device SRAM by the Config Engine. Before the device is
completely programmed with the bitstream, the config engine checks the CRC (Cyclic Redundancy Check) for the
bitstream to be loaded onto the FPGA. Once the FPGA is configured, the DONE LED on the board glows green.
Immediately, the RISC-V starts executing the bootloader software stored inside system memory and initialize all the
soft-IP modules and peripherals to establish a base for communication and data transfers. This process includes
configuring the IPs for the desired system operation. After all the IP configuration is complete, RISC-V initiates trigger
the QSPI Flash controller to copy the FreeRTOS application software from external SPI Flash into the external LPDDR4
for software execution. Once the application software is copied, the RISC-V checks the CRC on entire copied application
software. If the CRC check fails, RISC-V initiates a soft reset/refresh by instructing the multi-boot configuration module
to start the PROGRAMN sequence. The PROGRAMN sequence loads the next bitstream into the FPGA which in this case
would be the Golden FPGA and FW images, and the same process follows. Once CRC check passes for either Primary or
Golden, the RISC-V jumps to the application instruction and starts the FreeRTOS FW execution.
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3. Signal Description

Table 3.1 shows the input/output interface signals for the top-level module.

Table 3.1. Top-level I/0

Signal Name 1/0 Type 1/0 Width Description
clk_125MHz Input 1 Reference clock input for internal PLL and TSE MAC/SGMII
pll_refclk_i Input 1 Reference clock input for LPDDR4 MC internal PLL
rstn_i Input 1 Active low reset input for reference design. Activate by pressing
pushbutton on the board.
CertusPro-NX devices: SW3
GPIO
s0_gpio | Input/Output 8 General Purpose 1/0 signals connect to LED on board
UART
sl uart_txd_o Output UART transmit output. Connects to the board TXD signal.
sl_uart_rxd_i Input 1 UART receive input. Connects to the board RXD signal.
QSPI Flash
SPI_CLK Output 1 Serial clock to SPI Flash
SPI1_CSS Output 1 SPI Flash chip select
SPI_MOSI Input/Output 1 Serial data between FPGA and external SPI Flash
SPI_MISO Input/Output 1 Serial data between FPGA and external SPI Flash
SPI_D2 Input/Output 1 Serial data between FPGA and external SPI Flash
SPI_D3 Input/Output 1 Serial data between FPGA and external SPI Flash
LPDDR4 MC
ddr_ca_o Output 6 LPDDR4 command/address
ddr_ck_o Output 1 LPDDR4 clock
ddr_cke_o Output 1 LPDDR4 clock enable
ddr_cs_o Output 1 LPDDRA4 chip select
ddr_dmi_io Input/Output 4 LPDDR4 data mask
ddr_dq_io Input/Output 32 LPDDR4 Data
ddr_dqgs_io Input/Output 4 LPDDR4 data strobe
ddr_reset_n_o Output 1 External Memory chip reset signal
init_done_o Output 1 Connects to LED for status check
irq_o Output 1 Connects to LED for status check
pll_lock_o Output 1 Connects to LED for status check
sclk_o Output 1 Connects to LED for status check
trn_err_o Output 1 Connects to LED for status check
SGMII PCS/GbE
ser_rx_i Input 1 SGMII PCS receive data from SFP
ser_tx_o Output SGMII PCS transmit data from SFP
an_link_ok_o Output Connects to LED to check Ethernet auto-negotiation status
Multi-Boot
config_active_o Output 1 Connects to LED to check Multi-Boot Configuration Block
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4. Software Components

The GSRD (Golden System Reference Design) is enabled by RISC-V core based FreeRTOS and Lattice FPGA IP modules.
Lattice developed BSP (Board Support Package) drivers in C language act as intermediaries, facilitating communication
between the hardware elements on the FPGA and FreeRTOS software. During boot up, these drivers initialize and
configure FPGA peripherals to establish effective coordination with the RISC-V processor.

4.1. Primary and Golden Bootloader

Bootloader is a bare-metal program that does the following IP configurations:

e  Configures the GPIO and UART IP

e For LPDDR4 MC configuration, it first reads if the PLL Lock status is set and then initiates Memory Training and
waits until training is complete. Configures the QSPI flash controller to read the application software stored into
external flash while FIFO is disabled using APl and copies it into LPDDRA4. It then calculates the CRC value on the
entire FW copied into DDR using crc16_ccit() APl and compares the value with the original CRC value.

e  Failure of the CRC check on the Primary application software triggers reconfiguration of the FPGA with the Golden
FPGA bitstream image. This is done by triggering Multi-Boot Configuration module. This step is only used in
Primary GSRD system.

4.2. Primary and Golden Application

e Executed by RISC-V RX CPU core from LPDDR4 where it initializes the BSP and Operating System

e  Configures the TSE MAC handler with 1G Ethernet address, speed mode, MAC upper and lower. Passes TSE Core
object to initialize the Ethernet IP and sets the MAC address.

e Creates an Ethernet frame using the API provided in ethernet_frame.h.

e  For the SFP PHY initialization, it configures the PHY using i2c_phy _init() API by writing the configuration into PHY
Status Register. It then performs a PHY reset before starting the TSE packet traffic. The PHY configuration checks if
the Marvell 88E1111 PHY is attached before performing the configuration.

e 12c_linkup_status() API checks if auto-negotiation is established on the Ethernet port to receive or transmit
Ethernet packets.

e  Configure the SGDMA IP for MM2S to transfer the Ethernet frame to the TSE MAC and set up S2MM to receive
packets from the TSE MAC at 2-second intervals. Runs FreeRTOS scheduler and Task Handler.

Ethernet RX packets displayed upon every incoming Ethernet packet
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5. Design Constraints

The design constraints are divided into two parts, Pre-Synthesis (SDC) and Post-Synthesis Physical (PDC) constraints.
They are used to ensure that the design meets the required performance, timing closure, functionality and physical
placement requirements as per the FPGA device.

5.1. Clock Constraints

# Top level Clocks

create_clock -name {pll_refclk i} -period 10 -waveform {0.000 5.000} [get_ports
pll_refclk_i]

create_clock -name {clk_125MHz} -period 8 -waveform {0.000 4.000} [get_ports clk_125MHz]

5.2. 1/0 Constraints
create_generated_clock -name {pll@_inst_clkop_o_net} -source [get_pins
plle_inst/lscc_pll_inst/gen_no_refclk_mon.u_PLL.PLL_inst/REFCK] -divide_by 5 -
multiply by 4 [get pins pll@ _inst/lscc_pll inst/gen no_refclk mon.u PLL.PLL_inst/CLKOP]
create_clock -name {pll refclk i} -period 10 -waveform {0.000 5.000} [get ports

pll refclk_i]

create_clock -name {clk 125MHz} -period 8 -waveform {0.000 4.000} [get ports clk 125MHz]
create_clock -name {cdro_srclk} -period 8 [get_pins

sgmii@_inst/lscc_sgmii_gbe pcs_inst/u_serdes/genblk4.u_SGMIICDR.SGMIICDR_inst/SRCLK]
create_clock -name {fpga_config@ sys clk} -period 35.5556 [get_pins
{fpga_configd_inst/fpga_config inst/0SC_inst.0SC_inst/HFCLKOUT }]

create_clock -name {fpga_config@ inst 1fclock out net} -period 31250 [get pins
{fpga_configl inst/fpga_config inst/0SC_inst.0SC_inst/LFCLKOUT }]

#GPIO
ldc_set_location
ldc_set_location
ldc_set_location -site {R7} [get_ports
ldc_set_location -site {R6} [get_ports
ldc_set_port -iobuf {IO_TYPE=LVCMOS33}
#STATUS LEDs
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
#UART
ldc_set_location -site {M9} [get_ports
ldc_set_location -site {L8} [get_ports

-site
-site

{R9} [get_ports
{U8} [get_ports

{se_gpio[0]}]
{se_gpio[1]}]
{se_gpio[2]}]
{se_gpio[3]}]
[get_ports {s@_gpio[*]}]

-site
-site
-site
-site

{R4} [get_ports
{R8} [get_ports
{R5} [get_ports
{P8} [get_ports

init_done_o]
pll_lock_o]
an_link_ok_o]
config active o]

sl uart_txd o]
sl _uart_rxd_i]

ldc_set_port -iobuf {IO_TYPE=LVCMOS33}
ldc_set_port -iobuf {IO_TYPE=LVCMOS33}
#CLOCKS

ldc_set _port -iobuf {IO _TYPE=LVSTLD I}

[get_ports sl1_uart_rxd_i]
[get_ports s1 uart_txd o]

[get_ports pll refclk i]

ldc_set_location -site {AB19} [get_ports pll refclk i]

ldc_set_port -iobuf {IO_TYPE=LVCMOS33}

[get_ports clk 125MHz]

ldc_set_location -site {P24} [get ports clk 125MHz]

#RESET
ldc_set_location -site {N9} [get ports

rstn_i]

ldc_set_port -iobuf {IO_TYPE=LVCMOS33 PULLMODE=UP} [get_ports rstn_i]

#SGMII

ldc_set_port -iobuf {IO_TYPE=LVDS} [get ports ser_tx o]
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ldc_set_location -site {U26} [get_ports ser_tx_ o]
ldc_set_port -iobuf {IO_TYPE=LVDS} [get_ports ser_rx_i]
ldc_set_location -site {V24} [get_ports ser_rx_i]

#I2C

ldc_set_port -iobuf {IO_TYPE=LVCMOS33} [get_ports sfp_disable_o]

ldc_set_location -site {T19} [get_ports sfp_disable_o]
ldc_set_location -site {U19} [get_ports I2C_SCL]
ldc_set_location -site {T18} [get_ports I2C_SDA]

#SPI flash
ldc_set_port
ldc_set_port
ldc_set_port
ldc_set_port
ldc_set_port
ldc_set_port
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
#LPDDR4 MC

-iobuf
-iobuf
-iobuf
-iobuf
-iobuf
-iobuf

-site
-site
-site
-site
-site
-site

{I0_TYPE=LVCMOS33
{I0_TYPE=LVCMOS33
{I0_TYPE=LVCMOS33
{I0_TYPE=LVCMOS33
{I0_TYPE=LVCMOS33
{I0_TYPE=LVCMOS33

{H7} [get_ports
{K5} [get_ports
{H6} [get_ports
{H4} [get_ports
{G6} [get_ports
{G7} [get_ports

SLEWRATE=FAST} [get_ports
SLEWRATE=FAST} [get_ports
SLEWRATE=FAST} [get_ports
SLEWRATE=FAST} [get_ports
SLEWRATE=FAST} [get_ports
SLEWRATE=FAST} [get_ports
SPI_MOSI]
SPI_D2]

SPI_MISO]
SPI_D3]

SPI_CLK]
SPI_CSS]

#I0 location assignment after back-annotation

#DQ GROUP

ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location
ldc_set_location

-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site

{AA6} [get_ports {ddr_dq_io[0]}]
{AA5} [get_ports {ddr_dq_io[1]}]
{Y6} [get_ports {ddr_dq_io[2]}]
{Y5} [get_ports {ddr_dq_io[3]}]

{AE4}
{AD4}
{AD3}
{AC4}
{AD6}
{AE6}
{AC7}
{AB7}
{AA7}

[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports

{ddr_dq_io[4]}]
{ddr_dq_io[5]}]
{ddr_dq_io[6]}]
{ddr_dq_io[7]}]
{ddr_dq_io[8]}]
{ddr_dq_io[9]}]
{ddr_dq_io[10]}]
{ddr_dq_io[11]}]
{ddr_dq_io[12]}]

{Y7} [get_ports {ddr_dq_io[13]}]

{AB6}
{AC6}
{W1ie}
{W11}
{AD9}
{AE9}

[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports

{ddr_dq_io[14]}]
{ddr_dq_io[15]}]
{ddr_dq_io[16]}]
{ddr_dq_io[17]}]
{ddr_dq_io[18]}]
{ddr_dq_io[19]}]

{AD10} [get_ports {ddr_dq_io[20]}]
{AE10} [get_ports {ddr_dq_io[21]}]
{AA10} [get_ports {ddr_dq_io[22]}]
{Y10} [get_ports {ddr_dq_io[23]}]
{AC11} [get_ports {ddr_dq_io[24]}]
{AD12} [get_ports {ddr_dq_io[25]}]
{AD11} [get_ports {ddr_dq_io[26]}]

= LATTICE

SPI_CLK]
SPI_CSS]
SPI_MOSI]
SPI_MISO]
SPI_D2]
SPI_D3]
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ldc_set_location -site {AE11l} [get_ports {ddr_dq_io[27]}]

ldc_set_location -site {AB12} [get_ports {ddr_dq_io[28]}]

ldc_set_location -site {AA1l1l} [get_ports {ddr_dq_io[29]}]

ldc_set_location -site {Y11} [get_ports {ddr_dq_io[30]}]

ldc_set_location -site {AA12} [get_ports {ddr_dq_io[31]}]

# DQS GROUP

ldc_set_location -site {AF4} [get_ports {ddr_dqs_io[0]}]

ldc_set_location -site {AF6} [get_ports {ddr_dqs_io[1]}]

ldc_set_location -site {AF10} [get_ports {ddr_dqs_io[2]}]

ldc_set_location -site {AF12} [get ports {ddr_dgs_io[3]}]

# DMI GROUP

ldc_set _location -site {AE3} [get ports {ddr_dmi io[©]}]

ldc_set _location -site {AD5} [get ports {ddr_dmi io[1]}]

ldc_set_location -site {AB9} [get ports {ddr_dmi_io[2]}]

ldc_set_location -site {AC12} [get ports {ddr_dmi_io[3]}]

# CK, CKE, CS, CA

ldc_set_location -site {AA13} [get_ports {ddr_ck o[©]}]

ldc_set_location -site {AD20} [get_ports {ddr_cke o[©]}]

ldc_set_location -site {AC19} [get_ports {ddr_cs o[0]}]

ldc_set_location -site {W13} [get_ports ddr_reset n o]

ldc_set_location -site {AE22} [get_ports {ddr_ca o[0]}]

ldc_set_location -site {AE23} [get_ports {ddr_ca_o[1]}]

ldc_set_location -site {AD21} [get_ports {ddr_ca_o[2]}]

ldc_set_location -site {AE21} [get_ports {ddr_ca o[3]}]

ldc_set_location -site {AF22} [get_ports {ddr_ca o[4]}]

ldc_set_location -site {AF23} [get_ports {ddr_ca o[5]}]

# Below are the IP constraints

# The ECLKDIV primitive already has constraint but the inferred name is not good.

# The constraint below only aims to assign a name to the generated clock.
create_generated_clock -name {eclk w} -source [get_pins
*/1scc_lpddr4_mc_inst/u_lp4mem/u_pll/gen_no_refclk mon.u_PLL.PLL_inst/REFCK] -divide by
3 -multiply by 16 [get_pins
{*/1scc_lpddr4_mc_inst/u_lp4mem/u_pll/gen_no_refclk_mon.u_PLL.PLL_inst/CLKOS }]
set_clock_uncertainty -setup 0.2 [get_clocks eclk w]

create_generated_clock -name {clkop_o} -source [get_pins
*/1scc_lpddr4_mc_inst/u_lp4mem/u_pll/gen_no_refclk_mon.u_PLL.PLL_inst/REFCK] -divide_by
1 [get_pins {*/lscc_lpddr4_mc_inst/u_lp4mem/u_pll/gen no_refclk mon.u_PLL.PLL_inst/CLKOP
3}

set_clock_uncertainty -setup 0.2 [get clocks clkop o]

create_generated_clock -name {sclk_o} -source [get_pins
*/1scc_lpddr4_mc_inst/u_lp4mem/ul_clock_sync/u@_ECLKDIV.ECLKDIV_inst/ECLKIN] -divide_ by
4 [get_pins {*/1scc_lpddr4_mc_inst/u_lp4mem/ul_clock_sync/u@ ECLKDIV.ECLKDIV_inst/DIVOUT
}

set_clock_uncertainty -setup 0.2 [get_clocks sclk o]

#it##H#sgmil

create_generated_clock -name {clk_625m pllo} -source [get_pins
sgmii@_inst/lscc_sgmii_gbe pcs_inst/u_serdes/gen_int_pll.genblkl.u pll 125 625s/lscc_pll
_inst/u_PLL.PLL_inst/REFCK] -multiply by 5 [get_pins
sgmii®_inst/lscc_sgmii_gbe_pcs_inst/u_serdes/gen_int_pll.genblkl.u_pll_125_625s/1lscc_pll
_inst/u_PLL.PLL_inst/CLKOS]

create_generated_clock -name {clk_125m pll o} -source [get_pins
sgmii@_inst/lscc_sgmii_gbe pcs_inst/u_serdes/gen_int_pll.genblkl.u pll 125 625s/lscc_pll
_inst/u_PLL.PLL_inst/REFCK] -divide by 1 [get_pins
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sgmii@ inst/lscc_sgmii_gbe pcs_inst/u_serdes/gen_int_pll.genblkl.u_pll 125 625s/1lscc_pll
_inst/u_PLL.PLL_inst/CLKOP]
create_generated_clock -name {usr_clk o} -source [get_pins
sgmii@_inst/lscc_sgmii_gbe pcs_inst/u_serdes/genblk4.u_gddr/u@_ECLKDIV.ECLKDIV_inst/ECLK
IN] -divide_by 5 [get_pins
sgmii@ _inst/lscc_sgmii_gbe pcs_inst/u_serdes/genblk4.u_gddr/u@_ECLKDIV.ECLKDIV_inst/DIVO

uT]

# Constraints for Clock synchronization logic
# Group the double FF so that they will be placed in the same slice

set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_ path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path
set_false_path

fpga_configd sys clk]

-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from
-from

[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks

set_false path -from [get_clocks
plle_inst_clkop_o_net]
set_false_path -from [get_clocks pll@ _inst_clkop_o_net] -to [get_clocks
fpga_configd inst_lfclock_out_net]

set_false_path -from [get clocks fpga_config@ inst_lfclock out_net] -to [get_clocks
plle _inst _clkop o _net]
set_false path -from [get clocks pll@ inst clkop_o net] -to [get clocks eclk w]
set_false path -from [get clocks eclk w] -to [get_clocks pll@ _inst clkop o net]

clk_125MHz] -to [get_clocks plle_inst_clkop_o_net]
plle_inst_clkop_o_net] -to [get_clocks clk_125MHz]
usr_clk_o] -to [get_clocks plle_inst_clkop_o_net]
plle_inst_clkop_o_net] -to [get_clocks usr_clk_ o]
sclk o] -to [get _clocks usr_clk o]

sclk o] -to [get clocks clk 125MHz]

clk 125MHz] -to [get_clocks sclk o]

usr_clk o] -to [get_clocks sclk o]

usr_clk o] -to [get_clocks clk _125m pll o]

clk _125m _pll o] -to [get_clocks usr_clk o]
cdro_srclk] -to [get_clocks usr_clk o]

usr_clk o] -to [get_clocks cdro_srclk]

usr_clk o] -to [get_clocks clk _125MHz]

clk _125MHz] -to [get_clocks usr_clk o]
clk_125m_pll o] -to [get_clocks sclk o]

sclk_o] -to [get_clocks clk_125m_pll o]
plle_inst_clkop_o_net] -to [get_clocks clk_125m_pll o]
clk_125m_pll o] -to [get_clocks plle_inst_clkop_ o _net]
clk_125m_pll o] -to [get_clocks cdro_srclk]
cdro_srclk] -to [get_clocks clk_125m_pll o]
cdro_srclk] -to [get_clocks sclk_o]

sclk_o] -to [get_clocks cdro_srclk]
plle_inst_clkop_o_net] -to [get _clocks cdro_srclk]
cdro_srclk] -to [get_clocks plle_inst_clkop_o_net]
clk _625m_pllo] -to [get_clocks usr_clk o]
usr_clk o] -to [get_clocks clk 625m_pllo]
clk_125m_pll o] -to [get_clocks clk 625m_pllo]
clk_625m_pllo] -to [get_clocks clk_125m pll o]
plle_inst_clkop_o_net] -to [get_clocks sclk o]
sclk_o] -to [get_clocks plle_inst_clkop_o_net]
plle _inst_clkop o _net] -to [get_clocks

fpga_configd sys clk] -to [get_clocks

#tset _false path -from [get clocks clk 125MHz] -to [get clocks pll@ _inst clkos o _net]
#tset _false path -from [get clocks plle _inst clkos o net] -to [get clocks clk 125MHz]
#tset_false path -from [get clocks usr_clk o] -to [get _clocks plle _inst clkos o _net]
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#tset_false path
#tset_false path
#tset_false path
#tset_false path
#tset_false path
#tset_false path
#tset_false path

-from
-from
-from
-from
-from
-from
-from

[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks
[get_clocks

= LATTICE

plle_inst_clkos_o_net] -to [get_clocks usr_clk o]
plle_inst_clkos_o_net] -to [get_clocks clk_125m_pll o]
clk_125m_pll o] -to [get_clocks plle_inst_clkos_o_net]
plle_inst_clkos_o_net] -to [get_clocks cdro_srclk]
cdro_srclk] -to [get_clocks plle_inst_clkos_o_net]
plle_inst_clkos_o_net] -to [get_clocks sclk_o]

sclk_o] -to [get_clocks plle_inst_clkos_o_net]

ldc_set_sysconfig {ITAG_PORT=ENABLE PROGRAMN_PORT=ENABLE CONFIG_IOSLEW=FAST
MASTER_SPI_PORT=DISABLE DONE_PORT=DISABLE INITN_PORT=DISABLE MCCLK_FREQ=28.1
BOOTMODE=DUAL CONFIGIO VOLTAGE_BANK1=NOT SPECIFIED CONFIGIO VOLTAGE_BANK@=NOT_SPECIFIED}
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6. Resource Utilization

Figure 6.1 shows the GSRD resource utilization and Table 6.1 shows the total LUT4, PFU register, I/0O buffer, and EBR
resource utilization for a CertusPro-NX device.

tgﬁ BT vted RAM 'ﬁ%‘le Logic PFU Registers 10 Registers 10 Buffers DSP MULT EBR
soc_primary_gsrd 35512(3) 6954(0) 5392(0) 34198(d) 10(0) 81(18) 6(0) 162(0)
» apb_interconnectd_inst 38(0) 0(0) 0(0) 7(0) 0(0) 0(0) 0(0) 0(0)
b axi2apb0_inst 243(0) 0{0) 12(0) 197(0) 0[0) 0{0) 0(0) 0{0)
» axid_interconnect0_inst 5980(0) 3738(0) 120(0) 6201(0) 0[0) 0{0) 0(0) 0{0)
» axi4_interconnect2_inst 1842(0) 1056(0) 102(0) 2743(0) 0(0) 0(0) 0(0) 0(0)
b axid_regslicel_inst 152(1) 0{0) 0{0) 284(0) 0(0) 0{0) 0(0) 0{0)
b cpu_inst 5055(1) 72(0) 1304(0) 3412(0) 0(0) 0{0) 6(0) 18(0)
» fpga_configh_inst 57(0) 0{0) 0{0) 55(0) 0{0) 0{0) 0(0) 0{0)
b i2c0_inst 456(0) 24(0) 126(0) 515(0) 0(0) 2(0) 0(0) 0{0)
» Ipddrd_mc_contr0_inst 10495(0) 1488(0) 1452(0) 9077(0) 1(0) 49(0) 0(0) 33(0)
» mpmeD_inst 2791(1) 5T6(0) 452(0) 4198(0) o) 0{0) 0(0) 34(0)
» plll_inst 0(0) 0{0) 0{0) 0(0) 0(0) 0{0) 0(0) 0{0)
» qspil_inst 3262(0) 0{0) A08(0) 2360(0) 0{0) 4(0) 0(0) 0{0)
b rst_syncl inst 45(1) 0{0) 34(0) 36(0) 00y 0{0) 0(0) 0{0)
» s0_apb_gpio inst 113(0) 0{0) 0{0) 89(0) 8(0) 8(0) 0(0) 0{0)
» s1_apb uart inst 208(0) 0{0) 46(0) 145(0) 1{0) 0{0) 0(0) 0{0)
» sgdmal_inst 1522(0) 0(0) 600(0) 2014(0) 0(0) 0(0) 0(0) a(0)
» sgmild_inst 111(0) 0(0) 272(0) 376(0) 0(0) 0(0) 0(0) 1(0)
» sysmem0_inst 524(0) 0{0) 114{0) 334(0) 0[0) 0{0) 0(0) 64(0)
» tse_macl_inst 1565(0) 0{0) 620(0) 1650(0) 0[0) 0{0) 0(0) 4(0)

Figure 6.1. CertusPro-NX GSRD Resource Utilization
Table 6.1. GSRD Total Resource Utilization

Resource Usage Percentage Utilization
LUT4 (Logic + Distributed RAM + Ripple Logic) 48458 60.66%
PFU Register 34198 42.81%
1/0 Buffers 81 —
EBR 162 77%
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7. Demo User Guide

7.1. Boot-Up Sequence
This section describes the RISC-V RX CPU boot up sequence that configures IP drivers, operating modes, bootloader and
FreeRTOS application software execution.

Here is the description of the terms used throughout the document:

Boot Up — Process of starting the RISC-V RX CPU, loading the FreeRTOS application software from external SPI Flash
into the LPDDR4 memory and executing the application.

Bootloader — Code that initializes and configures various peripherals and loads the FreeRTOS application software
into LPDDR4 memory. It also checks for the CRC of the copied application and decides whether to execute the
application software or load the next best bitstream hardware and corresponding software.

FreeRTOS — Application software that is loaded into LPDDR4 Memory and executed by RISC-V CPU at the end of
boot up process.

SPI Flash — Non-volatile external memory that stores the FreeRTOS application software and multi-boot MCS
bitstream.

The following is the boot up sequence shown in Figure 7.1:

The system provides similar functionality both in Bare Metal and FreeRTOS mode. For the demo, the Golden and

Primary application software binaries and their FPGA bitstream images are stored in external SPI Flash before the

boot up sequence is initiated.

The initial bootloader is a part of the internal system memory ROM embedded into the FPGA bitstream stored

inside the external SPI Flash. Upon power-on boot up, the bootloader configures the peripherals and GSRD

building blocks such as UART, GPIO, 1°C, SGDMA, 1G TSE MAC, SGMII PCS, LPDDR4 and QSPI Controller.

The bootloader loads the bitstream from the SPI Flash to program the SRAM of the FPGA and fetches the

respective application software (Primary) through the QSPI flash controller.

As the application software needs to be executed from the external memory, the RISC-V module loads it into

LPDDR4 Memory controller.

This application software is stored at the beginning of the LPDDR4 Memory. After the application software is

loaded, the RISC-V CPU calculates the CRC of the application code in LPDDR4.

The calculated LPDDR4 CRC is compared with the original CRC, that is a part of SPI Flash.

e [f the condition matches, the RISC-V CPU jumps to FreeRTOS execution from LPDDR4 memory

e [f the condition mismatches, the RISC-V CPU issues a FPGA REFRESH command to load the Golden bitstream
and application software from SPI Flash.

Upon the execution of the correct Primary or Golden application software from LPDDR4, the building blocks

mentioned earlier are up and running with their associated drivers. For example, if any Ethernet data is expected

to arrive, the RISC-V CPU sets up the SGDMA IP accordingly with address, data length and other configuration

modes to successfully route the incoming Ethernet packets.

When the Ethernet frame is received by the TSE MAC IP, it forwards it to SGDMA to transfer the data to its

destination based on parameters set. The endpoint in this case is the main memory LPDDRA4.

You can also choose to store the data into another system memory based on SGDMA configuration.

For outgoing data, data is fetched from a location inside LPDDR4, and SGDMA transfers the data to TSE MAC for

transmission outside the FPGA.

When no data activity occurs over Ethernet, the RISC-V CPU continues running its tasks in the usual manner based

on the loaded software execution.
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Figure 7.1 GSRD Boot-Up Sequence
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7.2. Prerequisites
The following sections show the hardware and software requirements to execute the GSRD demonstration.

7.2.1. Software Requirements

e Lattice Propel 2024.1 Package — contains both Lattice Propel SDK and Lattice Propel Builder
e Download here: Lattice Propel 2024.1

e Llattice Radiant 2024.1.1 Package — contains IP Packager, Radiant Software, QuestaSim, and Programmer
e Download here: Lattice Radiant 2024.1.1

e Lattice Propel 2024.1 Patch for CertusPro-NX Golden System Reference Design
e Download here: Downloadable Software tab in the GHRD/GSRD Reference Design

7.2.2. CertusPro-NX Requirements

7.2.2.1. Hardware Requirements

The section describes the hardware needed to run the GSRD demonstration.

e Lattice CertusPro-NX Versa Evaluation Board

e  USB Type-A UART cable for programming the bitstream, firmware and proper terminal prints
e Electrical 1G SFP(s) Model FS SFP-GB-GE-T for Ethernet connection on the CertusPro-NX board
e Ethernet cable to connect CertusPro-NX board to the Host PC

e 12V power adapter for board power

7.2.2.2. Hardware Setup

This section provides the procedure for setting up the CertusPro-NX Versa Evaluation board as shown in Figure 7.2.

MM T

Figure 7.2. CertusPro-NX Versa Evaluation Board
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o R R RS A . UART Connection between Host

| :< PC and CertusPro-NX Board

I

| | Host PC Running i E 12V
| | Propel Teminal | | Ethernet 1G i ‘ Power
I . p

! i 1G SFP

S EeT T 2 Converter

CertusPro-NX Versa Board
Figure 7.3. Connections and Buttons needed for Demonstration

To setup the Lattice CertusPro-NX Versa Evaluation board for GSRD demonstration:
Connect the 12 V power adapter.

Connect the Mini-USB Type-A cable from PC to J34.

Connect jumpers on Pin 1 and Pin 2 on both JP32 and JP33 switches to enable UART.
Connect/Insert the Ethernet SFP onto J15 connector.

Connect the Ethernet RJ45 cable from the host PC cable to SFP port.

Turn on switch PWR switch.

oV k wNR

7.2.2.3. Executables
This section provides the directory structure, file names and locations of the executables (SPI Flash) required for
running the GSRD demonstration.
e Download the design package from the Lattice Semiconductor website.
e Go to Design File in the GHRD/GSRD Demonstration, download the CertusPro-NX Golden System Reference
Design and Demo V2.0 — Bitstream file.
e Unzip the .zip file to your local directory, for example to <C:\user_workspace>.
e The extracted directory has the following executables listed in Table 7.1.
Below are the bitstreams and the software image binaries for programming the FPGA.

Table 7.1. Executable Files for Winbond Flash

File Description File Name Starting Address in SPI Flash
Primary Software with CRC c_primary_appcrc.bin 0x028A 0000
Primary Software without CRC c_primary_app.bin 0x028A 0000
Primary FPGA Bitstream soc_primary_system.bit 0x0000 0000
Golden Software with CRC c_golden_appcrc.bin 0x0280 0000
Golden Software without CRC c_golden_app.bin 0x0280 0000
Golden FPGA Bitstream soc_golden_system.bit 0x0000 0000
Multi-Boot MCS File (Golden + Primary Bitstream) multiboot_system.mcs 0x0000 0000

Table 7.2. Flash Devices Supported on CertusPro-NX Boards

Board Flash Device
CertusPro-NX Versa Board Winbond W25Q512JV
CertusPro-NX Versa Board Macronix MX25L51245G
© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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7.3. Implementing the GHRD/GSRD Demo

This section describes the procedure for running the GSRD/GHRD demo using the pre-built executables and binary files
in the design package.

7.3.1. Setting up the UART Terminal
The software code during the GSRD demonstration displays messages on the terminal through the UART interface.

To setup the UART terminal:

1.
2.
3.

Connect the Lattice CertusPro-NX Versa Evaluation board to the PC/Laptop using USB Type-A UART cable.
Open Propel SDK 2024.1 tool.
Double-click on the terminal button shown in Figure 7.4.

File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help

B Ml AMAN A AL A RE Rl B A [=] 5 ® .. . Q

L Project Explorer X =0 = O g Outline x = a
There is no active editor that provides an
outline.

There are no ects in your workspace.

To add a pro

%] Problems | &) Tasks © Console [ Properties |4 Terminal X #=0

Figure 7.4. UART Terminal Icon on Propel SDK Window

Choose Terminal: Serial Terminal as shown in Figure 7.5. In Serial port dropdown list, select the last COM in the list
as shown in Figure 7.6.

Note: This detail can also be found under the Ports (COM and LPT) section in your local PC, under Device Manager.
The COM port number can be different. If a USB port does not work, try a different USB port.

&
e

Choose terminal: | Serial Terminal ~
Settings
Serial port: | COM10 v
Baud rate: | 115200

Data size: 8 w
Parity: None e
Stop bits: |1 W
Encoding: Default (ISO-8859-1) w

e Cancel

Figure 7.5. UART Launch Terminal Window
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5. Set Baud rate: 115200.

6. Click OK.

M Device Manager

File Action View Help

&= m E B

0 Bluetooth

@ cameras

@ Computer

w= Disk drives

[ Display adapters

¥ Firmware

5 FortiDeviceGuard

[# Human Interface Devices
=2 Keyboards

@ Mice and other pointing devices
[ Monitors

5 Network adapters

L7 Other devices

~ & Ports (COM &LPT)

W Standard Serial over Bluetooth link (COM10)
& Standard Serial over Bluetooth link (COMS)

= Print queues.

[ Processors

B7 Security devices

r Software components

B software devices

| Sound, video and game controllers

S Storage controllers

Em System devices

§ Universal Serial Bus controllers

B linivarcal Sarial Rue devicac

Figure 7.6. Device Manager Window on PC

7.3.2. Setting up the Non-Volatile Memory Register

For the GSRD design on Lattice CertusPro-NX Versa Evaluation Boards, you need to ensure the settings of the One-
Time-Programmable Non-Volatile Configuration Memory. You may skip this section if you have already done this step
before. Otherwise, perform a one-time step by JTAG to modify the default MSPI addressing mode from 24-bit to 32-bit.
This is necessary for the multi-boot feature to function properly.

7.3.3. Programming the Standalone Golden or Primary GSRD Bitstream and Application Software

1. Connect the CertusPro-NX Versa Evaluation Board to a PC/laptop using USB cable as per the hardware setup
mentioned in Hardware Setup section. Make sure the JP32 and JP33 are connected properly.

Power-on the board.

Launch Lattice Programmer tool. In the Getting Started dialog box, select Create a new blank project. Browse to
the Project Location on your local machine. In this case, it can be the same folder as downloaded executables

folder.
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B Lsttice Radiant Software 2024.1

Install8Uninstall Cable Drivers
IP Packager

Power Calculator

Questa Lattice Edition
Radiant Programmer

Radiant Software

Radiant Software Help
Release Notes

Synplify Pro for Lattice

R 1cL console

Figure 7.7. Launch Radiant Programmer from Windows Start

3 Radiant Programmer - Getting Started ? X

New Project:

Project Name: | GR0 |

e <] [

@ Create a new project from a scan
Cable: | HW-USEN-28 (FTDI) | Port: | FTUSE-D ~ Detect Cable
TCK Divider Setfing (0-30<): El

() Creste = new biank project

Open Project:

() Open an existing programmer project

/GSRD_CPNX_2p0/ Final/Lattice-CPNX-GSRD2.0-2024.1_v2/GokdenG

=

Figure 7.8. Radiant Programmer Start Window

4. Click OK.

3 Radiant Programmer - GSRD xcf * - m] *

File Edit View Run Tools Help

HEEH R BEE @2y B

Enable Status  Device Vendor Device Family Device Operation Cable Setup a8 x
1 Generic JTAG Device  JTAG-NOP Bypass Cable Setfings
Datect Cable
Cable: HW-USBH-28 (FTDI) ~
Port: FTUSE-0 ~
‘Custom port:
Programming Speed Setting .
< >« >
[l L

Figure 7.9. Radiant Programmer .xcf Window

5. If the Device Family shows as Generic JTAG Device, click Scan Device as shown in Figure 7.10 to update the Device
Family information automatically.
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£} Radiant Programmer - impl_1.xcf *
File Edit View PRun Tools Help

T G BEE & G
‘ Enable Statu| Scan Device hdur Device Family

Figure 7.10. Scan Device Icon on Radiant Programmer

u Radiant Programmer - impl_T.cf *
File Edit View Run Tools Help
TEd S BRE B EE

Enable Status Device Vendor Device Family Device Operation

1 Lattice LFCPMX LFCPMX-100 Fast Configuration

Figure 7.11. Select Device for Programming

6. Click on the highlighted item under the Device field to un-highlight it as shown in Figure 7.12.

u Radiant Programmer - impl_1.xcf *
File Edit View Run Tools Help
OEd S RER @ R

Enable Status Device Vendor Device Family Device Operation

1 Lattice LFCPMNX LFCPMX-100 Fast Configuration

Figure 7.12. Device Selected for Programmer

7. Double-click on the Operation tab or right-click and select Device Properties.

£J LFCPNX - LFCPNX-100 - Device Properties ? X

General Device Information

Device Operation

Target Memory: Static Random Access Memory (SRAM) v
e Static Random Access Memory (SRAM)

Port Interface: Non Volatile Configuration Memol

Access Mode: External SPI Flash Memory (SPI FLASH)

Operation: Fast Configuration v

Programming Options

Programming file: | l

[] Password Protection Options (Provide key file if password protection enabled)

Figure 7.13. Select the Target Memory for Programming

8. Before programming, you need to erase the entire SPI Flash Memory by applying below settings.
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ﬂ LFCPNX - LFCPNX-100 - Device Properties ? >

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH) -~
Port Interface: TTAG2SFT v
Access Mode: Direct Programming v |
Operation: Erase All v |
SPI Flash Options
Family: SPI Serial Flash ~
Vendor: Macronix ~
Device: MX25L51245G b d
Package: 8-land WSON i

SPI Programming

Data file size (Bytes): 2230262 Load from File
Start address (Hex): 000000000
End address (Hex): Ox03FF0G00

[ ] Turn off addresses auto updating
[ ] Erase SPI part on programming error

[ ] secure SPI flash golden pattern sectors

Figure 7.14. Device Properties to Erase the Macronix SPI Flash
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3 LFCPNX - LFCPNX-100 - Device Properties ? ht

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH) et
Port Interface: ITAGISPI b
Access Mode: Direct Programming L
Operstion: Erass All et

SPI Flash Options

Famiby: SP1 Serizl Flash b
Vendor: WinBond Lv
Davice: WZBO512V b
Package: 1&-pin SOIC e

SPI Programming

Data file size (Bytes): | 252144 Load from File
Start address (Hesx): TecDDO0D0DD
End address {Hex): (e03FFO0DD

I:l Turn off addresses auto updating
I:l Erase SPI part on programming error

Secure SPI flash golden pattern sectors

e

Figure 7.15. Device Properties to Erase the Winbond SPI Flash

9. Click OK and click on the Program Device Icon or the menu item, Run > Program Device. This erases the entire
Flash Memory. Wait for the process to complete.

u Radiant Programmer - impl_1_12cf *
File Edit View FRun Toocls Help
T E e BBE@ & T

Enable Status Device Vendor | Program Device i

Figure 7.16. Program Button to Program the SPI Flash
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Output

INFD =850212%4= - Devicel LFCPMX-100: W2SQE12TV: Erase All
Initizlizing...

IDCode Checking...

Enter 4-Byte mode...

Enabling...

Erasing All...

Disabling...

INFO <85021359= - Execution time: 03 min : 25 sec

INFO <85021371> - Elapsed time: 03 min : 30 sec

Output Tcl Conscle

Figure 7.17. Output After Erase All

10. Power cycle the CertusPro-NX Versa Evaluation Board.
11. Erase the FPGA SRAM. Click OK.

3 LFCPNX - LFCPMNX-100 - Device Properties ? X

General Device Information

Device Operation

Target Memory: Static Random Access Memory (SRAM) L
Port Intarface: ITAG Mt
Access Mode: Direct Programming L
Operation: Erase Only L

D Password Protection Options (Provide key file if password protection enabled)

s

Figure 7.18. Erase Only Operation for SRAM Programming

12. Skip steps 14 to 18 if you have performed the steps before. Otherwise, perform a one-time step required by JTAG
to Program NV Register 1 to modify the default SPI Addressing and Command mode from 24 bits to 32 bits. You
need to this only once for your board. Subsequent programming does not need to program NV Register 1 again.
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Genersal Device Information

Device Operation
Target Memaory:
Port Interface:
Access Mode:

Operation:

0 LAV-AT_EMG - LAV-AT-E70EST - Device Properties

Non Volstile Configuration Memony
ITAG
Feature Rows Programming

Program Control NV Registerl

=

Figure 7.19. One-Time Programmable Control NV Registerl

13. Click OK and click the Program Device Icon or go to the menu item, Run > Program Device.

14. Change bit 0 to 1 for 32-bit MSPI Address and 32-bit MSPI Commands as shown in Figure 7.20. For changing these
bits, click once on the 0 values in the Chip Value row.

Default

ChipValue © 0 0 0 0O 0 0 0 0 0 0 0 0 O

<
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Figure 7.20. Settings to Select Chip Value

Close

Note: Update the value of the two highlighted fields. NV Register 1 is an OTP (One-Time-Programmable) Register.

15. Click Program.

16. Power cycle the CertusPro-NX Versa Evaluation Board.
17. To program the c_golden_appcrc.bin file into the SPI Flash, Follow the settings as shown in Figure 7.21.
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£J LFCPMNX - LFCPMNX-100 - Device Properties 7 >

General Device Information

Device Operstion

Target Memory: | External SPI Flash Memory (SPI FLASH) b |
Port Interface: |JTAGEP‘I b |
Access Mode: | Direct Programming o |
Operation: | Erase, Program, Verify R |

Programming Cptions

|£| L

Programming file: ).'nHenGSRch_gDHEﬂ_apprebugfc_gDHen_appcrc. bin

SPI Flash Options
Famiby: |5F'I Serial Flash o |
Vendaor: | WinBond R |
Device: | W2R0512TV S |
Package: | 16-pin SOIC R |

SP1 Programming

Data file size (Bytes): |262144 | | LoadfromFie |
Start address [Hex): | C02E00000 v |
End address {Hex): |lhd123m Tt |

I:‘ Turn off addresses auto updating
D Erase SPI part on programming error

Secure SPI flash golden pattern sectors

[ ox || Cancel

Figure 7.21. Device Properties to Program the Winbond SPI Flash

© 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-02300-1.1 48


http://www.latticesemi.com/legal

g:flsreennizsézr;g:eference Design and Demo User Guide v2.0 for CertusPro-NX Devices :..LATT’CE

£3 LFCPMX - LFCPMNX-100 - Device Properties ? x

General Device Information

Device Operation

Target Mamory: | External SPI Flash Memory (SPT FLASH) b |
Port Interface: |JTHGEPI b |
Access Mode: | Direct Pregramming hvd |
Chperation: | Erase,Program, Verify b |

Programming Cptions

Programming file: l.“nIdenGSRch_golden_apprebugfc_golden_appcrc.b'ln ||E 5758

SPI Flash Options

Famiby: |5PI Serial Flash ' |
Vendor: | Macronie R |
Device: | MX25L51245G R |
Package: |3—h1d WSON e |

SPI Programming

Datz file size (Bytes): |262144 | | LosdfromFle |
Start address [Hex): |lhd]2:3ﬂlm w |
End address (Hesx): |n;mmm b |

D Turn off addresses sutc updsting
D Erase SPI part on programming error

D Serure SPI flash golden pattarn sectors

[ ox ||Gnnel|

Figure 7.22. Device Properties to Program the Macronix SPI Flash

18. Click OK
19. Use TCK Divider Setting (0-30x) to 4.
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Figure 7.23. Cable Settings for Device Programming

Cable Setup
Cable Settings
Detect Cable
Cable: HW-USEN-2E (FTDI}
Port: FTUSE-O
‘Custom port:

Programming Speed Settings

() Use default Clock Divider

IjO Settings
@ Use default IO settings

D Use custom IO settings

@ Use custom Clock Divider

TCK Divider Setting {0-30x):

20. Click the Program Device Icon or go to the menu item, Run > Program Device. The output console displays the

21.
22.

Operation Successful message.

Output

INFQ - Device 1l LFCPNX-100: W25Q5121V: Erase,Program, Verify

Initializing. ..

IDCode Checking...

Enter 4-Byte mode...

Enabling...

Erasing...

Disabling. ..

Enabiling...

Programming...

Disabling...

Verifying...

INFO - Execution time: 00 min : 04 sec
INFQ - Elapsed time: 00 min : 10 sec

INFQ - Operation: successful,

Output Td Consale

Figure 7.24. Radiant Programmer Console Output after Programming the SPI Flash

Power cycle the CertusPro-NX Versa Board.

To program the FPGA Golden GSRD bitstream, double-click on the Operation tab to update the selections as shown

in Figure 7.25. Make sure to provide the path to the .bit file location on your local machine where you have

unzipped the executables.
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£ LFCPNX - LFCPNX-100 - Device Properties ? -

General Device Information

Device Operation

Target Memory: Static Random Access Memory [SRAM) L
Port Interface: ITAG hed
Access Mode: Direct Programming ~
Operation: Fast Configuration L

Programming Oplions

Programming file: |../../boc_golden_system.bit | (O

D Password Protection Options (Provide key file if password protection enabled)

o[ o

Figure 7.25. Device Properties to Program the FPGA Bitstream in SRAM

23. Click OK and Click the Program Device Icon or go to the menu item, Run > Program Device. Wait until the
operation is successful as shown in Figure.

INFO =E5021074> - Check configuration setup: Start.

INFO =E5021078= - JTAG Chain Verification. Mo Errors,

INFO =E5021078> - Check configuration setup: Successful.

INFO =B5021278> - Devicel LFCPNX-100: Fast Configuration

INFD =85021758> - Operation Done. No errors,

INFO =E5021371> - Elapsed time: 00 min : 13 sec

INFO =E5021373> - Operation: successful,

Figure 7.26. Radiant Programmer Console Output after Bitstream is Programmed

24. Setup the UART terminal as mentioned in Setting up the UART Terminal section.
25. Press SW3 Reset button on the board as highlighted in Figure 7.27.

Figure 7.27. SW3 Reset Button
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26. The Golden GSRD output results are as follows:
a. Golden GSRD Bootloader
LPDDR4 Configuration and Memory Training Status
Ethernet PHY 12C Configuration and Status
LPDDR4 and QSPI CRC matches
Application jumps to Golden FreeRTOS RISC-V
Waits for Ethernet Link Up.
SGDMA Packet Received
FreeRTOS Task Scheduler Running

Hardware LED Status:

e D63: Auto-Link Negotiation
e D64: LPDDR4 Init Done

e D67:LPDDR4 PLL Lock

e D65: Running Animation

e  D66: Running Animation

e D104: Running Animation
e D105: Running Animation

i

S @ ™0 o0

D120 4y

-
w T
|

"
o
—
[+
&

)
o
n

4
-
=]
o

I.I, RS

N
-
n

Figure 7.28. LED Status
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A N R NN RN

e GSRD Golden Bootloader LFCPNX REx

R P 2 R E PRt R E R P St R S R e R S P S

Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4 training status = beeif

INFO: LPDDR4 initialized successfully
Memory Controller Initialization Complete.

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: 8x8e00f00@

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: 8x8801e00@

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @x8002d4000

QSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: Ox8@03ceoe

QSPI Fast Read -- Cycle: 4
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @x8ee4beoe

QSPI Fast Read -- Cycle: 5
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: 0x80052008

QSPI Fast Read -- Cycle: 6

INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @x800629008
Reading and verifying firmware CRC value ...
Embedded LPDDR CRC value: ddBa

Calculated Firmware CRC value: dd8a

CRC matches successfully !!

Jumping to FreeRTOS application ...

Figure 7.29. Golden GSRD - Output on UART Terminal for Bootloader and FreeRTOS Start
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£F
1
£
ee
0

Lo~~~ I~

Lo~~~ ]

eE

INFO:

INFO:

INFO:

INFO:

PHY Model: @x@8141@cc2
Marvell Alaska 88E1111 PHY detected, proceed to configure to SGMII mode
Configure SFP to SGMII mode

After configuration: I2C Extended PHY Specific Status Register: exBe

pmp entry@:
pmp entryl:
pmp entry2:

pmp entry3:

PHY Initialization:

mode=0x01,
mode=@x@1,

mode=0x@1,

rx reg received data:

£ £f £f £f £f £8
48 58 a4 © 0@ Be

f*
Je
0

D000 DD

B 44

DD DDDDD

OO DD D

e 43

DD DI DDDDD
000D

-

DD DDDEUWD =

mode=@x@1,

ce

="
b=

[a]

D DIDDIND

INFO: PHY Model: @x@14186cc2

PHY Initialization Complete.

The granularity of pmp is 4.
AR R SRR R R A R AR AR AR R R R R R A AR AR R R SRR R

task 2147516288 is running, @

perm=8x07,
perm=0x88,
perm=08x08,

perm=0x@7,

addr=0x2000355¢ (*4) -0x8000d570,
addr=0x2000355d ( *4)=0x8000d574,
addr=0x20003560 ( *4) =0x8000d580,

addr=0x3fffffff(*4)=0xfffffffc,

72 1b 79 72
el 1 @ @
4112 1 1
e 8 @ @
72 1b 79 72
e 8 @ @
e 8 @ @
e @ @ @
e 8 @ @
@ & @ @
e 8 @ @
e 8 @ @

task rx tx id:2147520672 is running, @

DO DD D@

Waiting for link-up packet

INFO: I2C Copper Status Register 1: 79 bd

[-~I-~ R~ I~~~ -~ -~ R~ I~ -~ R~

W= P

DD DDV hW

0000 N 0 0 0 R R

GSRD Golden FreeRTOS on RISC-V CPNX
e o o o R Rk

INFO: After configuration: I2C Extended PHY Specific Status Register: @x84

R L L L e e S R L S S S L L I e DS R

task print rx data id:2147522864 is running, @

o ]
= D

LI~~~ I~ I~ R~

Lo~~~ ]

Figure 7.30. Golden GSRD - Output on UART Terminal for FreeRTOS Running

27. Follow the same steps 5 to Step 25 to load the Primary GSRD Software and Bitstream. For Primary App CRC

software, refer to Executables section for the folder and file names.
28. The Primary GSRD output results are as shown in Figure 7.31 and Figure 7.32.
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0000 O NN N D B O R O O

e GSRD Primary Bootloader LFCPNX
i e o o e e e ol ok e e o s e e s e e oo e ol o e o o e e s o o ool s o o

Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4A training status = bo@@lf

INFO: LPDDR4 initialized successfully

Memory Controller Initialization Complete.

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 4
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 5
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 6
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

Fast Read Command ...
start addr: ex8eeefee

Fast Read Command ...
start addr: 8x8001e000

Fast Read Command ...
start addr: @x8e82deee

Fast Read Command ...
start addr: @x8083ceee

Fast Read Command ...
start addr: @x8eeibeee

Fast Read Command ...
start addr: @x8085a000

Fast Read Command ...
start addr: @x80069000

Reading and verifying firmware CRC value ...
Embedded LPDDR CRC wvalue: 33le
Calculated Firmware CRC value: 331e

CRC matches successfully !!

Jumping to FreeRTOS application ...

Figure 7.31. Primary GSRD Bootloader— Output on UART Terminal

wEk
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R R RN R

e GSRD Primary FreeRTOS on RISC-V CPNX e

30 0 0RO R R R R RO KRR R Rk

PHY Initialization:

INFO: PHY Model: 0x01410cc2

INFO: Marvell Alaska 88E1111 PHY detected, proceed to configure to SGMII mode
INFO: Configure SFP to SGMII mode

INFO: After configuration: I2C Extended PHY Specific Status Register: 0x8@
INFO: After configuration: I2C Extended PHY Specific Status Register: 0x84
PHY Initialization Complete.

The granularity of pmp is 4.

pmp entry®: mode=0x01, perm=0x07, addr=0x2000355c(*4)=-0x80004570, locked=0
pmp entryl: mode=0x01, perm=0x00, addr=0x2000355d(*4)=-0x8000d574, locked=1
pmp entry2: mode=0x01, perm=0x00, addr=0x20003560(*4)=-0x80004580, locked=0

pmp entry3: mode=0x01, perm=0x07, addr=0x3fffffff(*4)=0xfffffffc, locked=0

--------------- Waiting for link-up packet ----------
INFO: PHY Model: 0x01410cc2

INFO: I2C Copper Status Register 1: 79 &d

task rx tx i1d:2147520672 is running, ©

task 2147516288 is running, @

task print rx data i1d:2147522864 is running, ©

rx reg received data:

ff ff ff ff ff ff f8 ce 721b 7972 8 045 ©
1487b8 © 080 11be20 @ 0 0 0 ff ff
ff ff 044 043 1344f66 1 1 6 0O f6 ad
369 0 © 0 © 0 @ @ 9 0 © 0 0 O 0
@ 0 0 0 0 0f8ce721b7972 0 © 0 0
0O 0 0 0 6 © 6 0 @ 0 0 0 0 0 0 0
0O 0 0 0 6 0 0 9 0 0 0 0 0 0 0O O
O 0 0 0 6 @ 6 © @ 0 0 0 0 0 0 0
0O 0 0 0 6 @ 6 0 @ 0 0 0 0 0 0 0
0O 0 0 06 6 0 0 9 0 0 0 0 0 0 0 0
0O 0 0 0 6 © 6 0 @ 0 0 0 0 0 0 0
O 0 0 0 0 0 0 9 0 0 0 0 0 0 0O O

Figure 7.32. Primary GSRD FreeRTOS— Output on UART Terminal

7.3.4. Programming the Golden, Primary Software and MCS file
This section describes the three scenarios of GSRD boot-up.

Note: The intent of the below three scenarios is to showcase how manual and automatic multi-boot results would look
like. Scenario 1 should be enough for you to test out the multi-boot. Scenario 2 and 3 are merely to showcase the
different multi-boot scenarios in GSRD.

7.3.4.1. Scenario 1: Manual Booting when both Primary and Golden FW are with CRC with MCS File Programming

1. Follow Steps 1 to 9 from the Programming the Golden, Primary Software and MCS file section. Do not power-cycle
the board.

2. Keep the folder/file of executables handy.
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3.

To program the multiboot_system.mcs file, locate the file in the executables folder that you downloaded and add
the file in the Programming file area. The Start Address and End Address are allocated automatically. Confirm the

settings as shown in Figure 7.33.

&

General Device Information

Device Operation

Targst Mamory:

Port Interface:

Access Mode:

Operation:

Programming Options

External SPI Flash Memory (SPI FLASH)

Programming file: | C:/CartusPro-NX-GSRD2.0/s0c_primary_gsrd/multiboct_system.mcs

(b330

SPI Flzsh Opticns

Famihy:

Vendar:

Device:

Package:

SPI Programming
Dtz file size {Bytes):
Start address [Hex):

End address (Hex):

|:| Turn off ddresses auto updating

|:| Erase SPI part on programming error

Load from File

Figure 7.33. Device Properties Window to Setup MCS Programming File

4. Click OK and the Program Device icon or go to the menu item Run > Program Device. Wait until the operation is
successful, which takes about 30 to 40 minutes.

Do not power-cycle the board yet.

Program both the primary_appcrc.bin and golden_appcrc.bin file as mentioned in the Programming the Golden,
Primary Software and MCS file section, Step 17. Make sure to confirm that Start Address (Hex) for both the binaries
as per Executables section.

7. Once both binaries are programmed, switch off the board.

8. Switch on the board.

9. Setup the UART terminal as mentioned in Setting up the UART Terminal section.
10. Wait for a few seconds for the FPGA to load the bitstream from the flash and press SW3 Reset button.

11. The results in the UART Terminal are displayed as shown in Figure 7.34.

e [t loads the Primary GSRD project.
e If you press the SW3 button again, it loads the same Primary GSRD project.
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0000 O NN N D B O R O O

e GSRD Primary Bootloader LFCPNX
i e ol ok o o o o i e e o e ok e ok e o ol ol e o o e e o e kR R

Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4A training status = bo@@lf

INFO: LPDDR4 initialized successfully

Memory Controller Initialization Complete.

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 4
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 5
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 6
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

Fast Read Command ...
start addr: ex8eeefee

Fast Read Command ...
start addr: 8x8001e000

Fast Read Command ...
start addr: @x8e82deee

Fast Read Command ...
start addr: @x8083ceee

Fast Read Command ...
start addr: @x8eeibeee

Fast Read Command ...
start addr: @x8085a000

Fast Read Command ...
start addr: @x80069000

Reading and verifying firmware CRC value ...
Embedded LPDDR CRC wvalue: 331e
Calculated Firmware CRC value: 331e

CRC matches successfully !!

Jumping to FreeRTOS application ...

wEk

Figure 7.34. UART Terminal Output after Power-Cycling Board with MCS and Binaries Programmed

12. For the manual multi-boot, press SW2 (PROGRAMN) yellow button mentioned in the Hardware Setup section. on
the board just above the SW3 Reset button.

13. The results on UART terminal are displayed as shown in Figure 7.35. It switches/jumps to Golden GSRD project and
stays there unless the SW2 PROGRAMN button is pressed.
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Figure 7.35. Switches to Golden GSRD upon SW2 PROGRAMN Button

AR R R R R R Rk

o GSRD Golden Bootloader LFCPNX

0300 R R R R R R R R R R R R R R R R R kR

Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4 training status = be@lf

INFO: LPDDR4 initialized successfully

Memory Controller Initialization Complete.

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/O SPI
[Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI
[Copying SPI content to LPDDR

OSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/O SPI
[Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 4
INFO: Executing Quad I/O SPI
{Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 5
INFO: Executing Quad I/O SPI
{Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 6
INFO: Executing Quad I/O SPI
{Copying SPI content to LPDDR

Fast Read Command ...
start addr: 0x3000f000

Fast Read Command ...
start addr: 0x8001e000

Fast Read Command ...
start addr: 0x8002d000

Fast Read Command ...
start addr: 0x8003c000

Fast Read Command ...
start addr: 0x8004b000

Fast Read Command ...
start addr: 0x80052000

Fast Read Command ...
start addr: 0x80069000

Reading and verifying firmware CRC value ...
Embedded LPDDR CRC value: dd8a
Calculated Firmware CRC value: dd8a

ICRC matches successfully !!

Jumping to FreeRTOS application ...

R R R X

i GSRD Golden FreeRTOS on RISC-V CPNX e

R R R R R R R

PHY Initialization:

INFO: PHY Model: ©x01410cc2

X

7.3.4.2. Scenario 2: Manual Booting when Primary FW is with CRC, and Golden FW is without CRC

1.
2.
3.

Power-off the board.

Power-on the board.

Program the MCS file as shown in the Scenario 1: Manual Booting when both Primary and Golden FW are with CRC
with MCS File Programming section, Step 2 to 5. If you have already run the scenario 1 entirely, skip this step.
Otherwise, follow steps 2 to 5.

To program the c_golden_app.bin software file into the SPI Flash, Follow the settings as shown in Figure 7.36.
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£ LFCPNX - LFCPNX-100 - Device Properties 7 *

Generzl Device Information

Device Operation
Target Memory: External SPI Flash Memory (SP1 FLASH) ~
Port Interface: ITAGZSPT b
Access Mode: Direct Programming ~
‘Operation: Erase, Program,Verify A

Programming Options

Programming file: | C:f/CertusPro-NX-GSRD2.0c_golden_app/Debug/c_golden_app.bin o

SPI Flash Options

Famity: SPI Serial Flash R
Vendar: WinBond '
Davice: W25Q5121V v
Package: 16-pin SOIC w
SPI Prog ing

Data file size (Bytes): (262144 Load from File

Start addrass (Hex): Due0ZE00000 i

End address (Hex): 02830000 ~

1 Turn off addresses auto updating
[] Erzse SPI part on programming error

Secure SPI fizsh goiden pattern sactors

=

Figure 7.36. Device Properties settings to program the Golden Application
5. Click OK and the Program Device Icon or go to Run > Program Device. Wait until the operation is successful.

Output

INFCO <B5021234% - Devicel LFCPNX-100: LFCPNX-100: Refresh Verify I
INFC <B5021258: - Operation Done. Mo errors.

INFO <B50212%45 - Devicel LFCPNX-100: W25Q5121V: Erase,Program,Verify
Initizlizing...

IDCede Checking...

Enter 4-Bytz mode..,

Enzbling...

Erasing...

Diszbling...

Enzbling...

Programming...

Diszbling...

Verifying...

INFO <B502135%: - Execution time: 0D min : 06 sec

INFC <B5021371% - Elzpsed time: 00 min @ 12 sec

INFC <B50213735 - Operation: successful,

Cutput Tdl Conscle

Figure 7.37. Radiant Programmer Console Output after Programming
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Switch off the board.
Switch on the board.

w o N

Figure 7.38. Primary GSRD - UART Output after SW3 Reset where CRC Matched

EE S S22 2SR SR a 2 S 2 2 S R RS RSt E e S R e

o GSRD Primary Bootloader LFCPNX

EE e e R e e e P et

Setup UART terminal as mentioned in the Setting up the UART Terminal section.
Wait for a few seconds for the FPGA to load the bitstream from the flash and press the SW3 Reset button.
10. The results on the UART terminal are displayed as shown in Figure 7.38 and loads the Primary GSRD project.

Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4 training status = beelf

INFO: LPDDR4 initialized successfully

Memory Controller Initialization Complete.

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 4
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 5
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 6
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

Fast Read Command ...
start addr: 0x8000f000

Fast Read Command ...
start addr: 0x8001e000

Fast Read Command ...
start addr: 0x8002d000

Fast Read Command ...
start addr: 0x8003c000

Fast Read Command ...
start addr: 0x8004b000

Fast Read Command ...
start addr: 0x8005a000

Fast Read Command ...
start addr: 0x80069000

Reading and verifying firmware CRC value ...
Embedded LPDDR CRC value: 331le
Calculated Firmware CRC value: 331le

CRC matches successfully !!

Jumping to FreeRTOS application ...

R AR Ry

b GSRD Primary FreeRTOS on RISC-V CPNX

AR RN

PHY Tnitialization:

11. Manually press the SW2 PROGRAMN button.

12. Results on the UART terminal are displayed as shown in Figure 7.39. It jumps to Golden GSRD project and shows as
CRC mismatch and stays there.

xEx

R
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——————————————— Waiting for link-up packet ----------

INFO: PHY Model: @x081418cc2

i e o o o oo e o o oo o e o o o o o o

i GSRD Golden Bootloader LFCPNX o
HEEER RN RN AR R R

Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4 training status = b@elf
INFO: LPDDR4 initialized successfully

Memory Controller Initialization Complete.

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI Fast Read Command ...

Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/0 SPI

start addr: @xB08@fo00

Fast Read Command ...
start addr: @x8001e80@

Fast Read Command ...
start addr: @x8082d800

Fast Read Command ...

Copying SPI content to LPDDR start addr: @xB8003c088

QSPI Fast Read -- Cycle: 4
INFO: Executing Quad I/O0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: 8xB004b8ee

QSPI Fast Read -- Cycle: 5
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @xB8805a2008

QSPI Fast Read -- Cycle: 6
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @xB0069688

Reading and verifying firmware CRC value ...
Embedded LPDDR CRC value: dd8a
Calculated Firmware CRC value: ffff

ERROR: CRC Mis-matched!!!

Figure 7.39. UART Output Switching to Golden GSRD where CRC Mis-Matched Intentionally

13. Press SW2 PROGRAMN button, and it loads back the Primary GSRD project.

7.3.4.3. Scenario 3: Automatic Booting when Primary FW is without CRC and Golden FW has CRC

1. Power-off the board.

2. Power-on the board.

3. Program the MCS file as shown in Scenario 1: Manual Booting when both Primary and Golden FW are with CRC
with MCS File Programming section, step 2 to 5. If you have already run scenario 1 entirely, skip this step.

Otherwise, follow steps 2 to 5.

4. To program the c_golden_appcrc.bin software file into the SPI Flash, Follow the settings as shown in Figure 7.40.
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£3 LFCPNX - LFCPNX-100 - Device Properties ?
Generzl Device Information
Device Operation
Target Memary: External SPI Flash Memory (SPT FLASH) A
Port Interface: JTAGZSPL b
Access Mode: Direct Programming o
Operation: Erase,Program, Verify ~
Programming Opticns
Programming file: [NX-GSRD2.0/c_golden_app/Debug/c_golden_spperc.bin | ... | | 0es770
SPI Flash Options
Famihy: 'SPI Serial Flash L
Vendaor: WinBond ~
Deevice: W2EQ5E12V e
Package: 16-pin SOIC L
SPI Programming
Diata file size [Bytes): 262144 Load from File
Start address (Hesx): DecZE00000
End address (Hex): oaDZE30000
D Turn off addiresses zuto updating
D Erase SPI part on programming error
Secure SPI flash golden pattern sectors
Cance

Figure 7.40. Device Properties for Programming Golden App Binary with CRC

5. Click OK and the Program Device icon or go to Run > Program Device. Wait until the operation is successful.

Output

Initizlizing...

1DCode Checking...
Enter 4-Byte mode...
Enzbling...

Erasing...

Disabling...
Enzbling...
Programming...
Disabling...

Verfying...

INFO «85021238> - Operation Done. No errars.

INFO «E50213539> - Execution time: 00 min : 06 sec
INFO <85021371> - Elapsad time: 00 min : 12 sec

INFO «ES021372> - Operation: successful,

INFO «B5021234> - Devicel LFCPNX-100: LFCPNX-100: Refresh Verify ID

INFO «ES021234> - Devicel LFCPNX-100: W25Q512IV: Erase Program, Verify

Output Tl Console

Figure 7.41. Radiant Programmer Console Output after Successful Programming
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6. To program the c_primary_app.bin software file into the SPI Flash, Follow the settings as shown in Figure 7.42.

£3 LFCPNX - LFCPNX-100 - Device Properties ? x

General Device Information

Device Operation

Target Memary: External SPI Flash Memory (SPI FLASH) L
Port Interface: JTAG2SPI b3
Access Mode: Direct Programiming o
Operation: Erase,Program,Verify L

Programming Options

Programming file: FNX—GSRDZ.O,I‘:_pr'lmary_app,-'Debugfc_pr'lmary_app.b'ln e | | D6GBECS

SPI Flash Options

Fannihy: SPI Serizl Flash L
Vendor: WinBond ~
Diavige: W25Q5127V w
Packags: 16-pin SOIC o

SPI Programming

Data file size (Bytes): | 262144 Load from File
Start address {Hesx): T0ZEADDOD R
End address [Hex): c0ZE00D00 w

I:‘ Turn off 2ddresses zute updating
D Erase SPI part on programming error

Secure SFI flash golden pattern sectors

=
Figure 7.42. Device Properties Window for Primary App Binary without CRC

7. Click OK and the Program Device icon or go to Run > Program Device. Wait until the operation is successful.

Qutput

INFO 2850212345 - Devical LECPNX-100: LFCPNX-100: Refresh Verify 1D
INFO <85021298> - Operation Done. No errors.

INFO <85021294> - Davical LFCPNX-100: W25Q5121V: Erase,Program, Verify
Initializing...

1DCods Checking..,

Enter 4-Byte mode...

Enabiing...

Erasing...

Diszbling..

Enabiing...

Programming...

Diszbiing...

Verifying...

INFO <85021399> - Exscution time: 00 min : 06 ssc

INFO <85021371> - Elapsad time: 00 min : 12 sac

INFO <85021373> - Operation: successful,

Output  Tel Conscle

Figure 7.43. Radiant Programmer Console Output after successful programming
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Switch off the board.
Switch on the board.
10. Setup UART terminal as mentioned in the Setting up the UART Terminal section.

11. Wait a few seconds for the FPGA to load the bitstream from the flash. Press SW3 Reset button.

12. The results on the UART terminal are displayed as shown in Figure 7.44.
e It loads the Primary GSRD project first.

e Assoon as the FW CRC for Primary GSRD mismatches, it triggers a soft reset or automatic PROGRAMN.

e |t automatically loads the Golden GSRD bitstream and software.
HEHEE R R R R

i GSRD Primary Bootloader LFCPNX bt

W R R R O R O O R

Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4 training status = b@@lf

INFO: LPDDR4 initialized successfully
Memory Controller Initialization Complete.

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @xBooefooe

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @xB081e000

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @xBo@2deoe

QSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @xBo@3coo

QSPI Fast Read -- Cycle: 4
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @xBo@4booe

QSPI Fast Read -- Cycle: 5
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @x800852000

QSPI Fast Read -- Cycle: 6
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @x800869000

Reading and verifying firmware CRC value ...
Embedded LPDDR CRC value: 331e
Calculated Firmware CRC value: ffff

ERROR: CRC Mis-matched!!y

s ke ek ke sk ke e e e~k skl i o sk ke s i ko o e e ki kool e ek e e sk ks sk ok ke

Figure 7.44. Primary GSRD without CRC Fails — UART Terminal
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o oo o o o ok o o o o ol ol o o o e e e e e e R R e

i GSRD Golden Bootloader LFCPNX ik
NS

Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4 training status = b@elf

INFO: LPDDR4 initialized successfully
Memory Controller Initialization Complete.

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @xBeeefoes

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @9xB88led8e

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @xB8802d680

QSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/0 SPI Fast Read Command ...

Figure 7.45. Automatically Jumps to Boot-up Golden GSRD

13. Manually press SW2 PROGRAMN button.

14. The results on the UART terminal are displayed as shown in Figure 7.46. It jumps back to Primary GSRD where CRC
fails again and switches to working the Golden GSRD project and stays there.
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2 o e o o o o o e ok o e ool o e Rk R R

(e GSRD Primary Bootloader LFCPNX
eE R 22 R R PR R PR RS P RS R R R R PR R P E Y

Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4 training status = b@@lf

INFO: LPDDR4 initialized successfully

Memory Controller Initialization Complete.

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 4
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 5
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: &
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

Fast Read Command ...
start addr: @xBéeefoos

Fast Read Command ...
start addr: 8x8001e008

Fast Read Command ...
start addr: @x3002d000

Fast Read Command ...
start addr: 8xB8@3coee

Fast Read Command ...
start addr: 8xB88e4booe

Fast Read Command ...
start addr: 8xB8@5a000

Fast Read Command ...
start addr: 8xB8069888

Reading and verifying firmware CRC value ...
Embedded LPDDR CRC value: 33le
Calculated Firmware CRC value: ffff

ERROR: CRC Mis-matched!!y

R i RS S RS st et it S R RS R RS R R R S R i Ed E st

ad GSRD Golden Bootloader LFCPNX

N N N N N

Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4 training status = b@@lf

INFO: LPDDR4 initialized successfully

Memory Controller Initialization Complete.

EE

R

Figure 7.46. UART Terminal Output - After Pressing SW2 PROGRAMN Button

15. Connect the Ethernet cable to see the traffic.

16. Re-plug the ethernet cable in the case of FreeRTOS stop at ethernet link-up message.
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8. Compiling the Reference Design

This section describes the process of compiling the GSRD/GHRD Reference Design. You can always start with the
Golden GHRD/GSRD project, which is a part of the Propel Template. Compilation is required to generate the necessary
binary files and bitstreams from the source files. The compilation process involves the following software tools for
generating the FPGA bitstream and software executable files.

e Lattice Propel Builder 2024.1 Patch

e Lattice Propel Software Development Kit (SDK) 2024.1

e Lattice Radiant Software 2024.1.1

These sections show the typical design and compilation follow for GSRD design.

e  Building Bootloader and FreeRTOS binary files using Lattice Propel SDK

Validating and generating the GSRD design using Lattice Propel Builder

Synthesizing the RTL files and generating the bitstream using Lattice Radiant Software
e Generating the Multi-Boot MCS File

8.1. Building the Bootloader and FreeRTOS Binary Files using Lattice Propel SDK
To build the Bootloader and FreeRTOS binary files:

1. Create a folder for your project on your PC. For example, CertusPro-NX-GSRD2.0.

2. Launch Propel SDK 2024.1 application.

Q Lattice Propel Launcher *

Select a directory as workspace

Lattice Propel uses the workspace directory to store its preferences and development artifacts.

Workspace: Browse...

[[] Use this as the default and do not ask again

+ Recent Workspaces

Cancel
Figure 8.1. Propel Builder Launcher

3. To select the workspace, browse to the created folder by clicking on the Browse button as shown in Figure 8.2 and
click on Launch to launch the workspace.

Note: Name given below is Primary GSRD as you may be using this template to create your own project titles and
make modifications on top of Golden SoC/C Templates.
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Q Lattice Propel Launcher X

Select a directory as workspace

Lattice Propel uses the workspace directory to store its preferences and development artifacts.

Workspace: | C\primary_gsrd ~ | | Browse...

[[] Use this as the default and do not ask again
+ Recent Workspaces

Launch Cancel
Figure 8.2.Provide Name for the Workspace Directory

4. Click File > New > Lattice SoC Design Project.

S primary_gsrd - Lattice Propel

File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help

MNew Alt+Shift+N > 4. Lattice SoC Design Project X - -
Open File... @ Lattice C/C++ Project — =
2 Open Projects from File System... 5 Project. | Create a new Lattice SoC Design Project i
Recent Files * 69 Source Folder
Ctrlswy |2 Folder
Ctrl+Shift+W Source Fil_e
Header File
Ctd+S [4 File from Template
& Class
Ctrl+Shift+5
1 Example..

Move 1 Other.. Ctri+N
™ Rename.. F2

Refresh F5

Convert Line Delimiters To >

Print Ctrl+P
i= Import..
5 Export.

Properties Alt+Enter

Switch Workspace >

Restart

Exit

Figure 8.3. Creating Lattice SoC Design Project

5. On the SoC Project window, provide name for your SoC project. Choose Processor as RISC-V RX, Family as LFCPNX,
Device as LFCPNX-100, Package as LFG672, and choose the GHRD SoC Project LFCPNX from Template Design as
shown in Figure 8.4. Since you can make your own desired modifications to this project, the project name is called
as soc_primary_gsrd.

Note: For GSRD, do not use the board checkbox as you can see some errors while migrating between the Propel
SDK and Propel Builder.
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Reference Design

S SolC Project

Create SoC Project f
Create SoC project of selected template i

Project rlame:| soc_primary_gsrd |

Use default location
cation: | CA\Users\SKothari\Downloads\GSRD2.0_Final\Template_Testing\CertusPro-NX-GSRD2.0\soc Browse...

Choose file system: |MSTEIERs
Language: Verilog ~
[] Board
Device Select
Processor: | RISC-V RX =] Family: LFCPNX (CertusPro-NX) ~
Device: | LFCPNX-100 ~ Speed: 9 _High-Performance 1.0V ~
Package: | LFG672 ~ | Condition: Commercial v
Template Design
Empty Project Golden Hardware Reference Design (GHRD) for CertusPro-NX ~
FreeRTOS_Project_1
GHRD ct LK , Components included:
RISC-V RX SoC Project a) Processor - RISC-V RX CPU Core
SHA-3 CFU Project b) QSPI Flash Controller
c) LPDDR4 MC v
AV Tl Commmed Fbbmcmnd BAA

@ o

Figure 8.4. SoC Project Window

6. Click Finish and it launches the SoC in Propel Builder. This generates the HDL files for IPs instantiated in the project.

. “ -

| =—_ t.J
N ,
. lﬂﬁf e
- ’ ! e
—-—,_) :_ —

Figure 8.5. Launched SoC in Propel Builder

7. Click on Design > Validate Design.
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File

Design View

Edit View Design Tools Window Help
. — E r Auto Assign -
° ' I [ vahdate Design 2
;_, Generate 3
LFCPNX-10C Select All
OCPAMY |\ Avea_select
{F Instanc Locate Obs
ol e Object
» T[T an 4 oc
b Jop =
v 1F axi
v 17 axi % Generate Memory Report
» 1 axi Run Radiant
v i Run Propel
» T TdHistory
» oo Design Settings
v 1} concarm ~

Figure 8.6. Validate Design in Propel Builder

8. The TCL console must be as follows.

Tel Console

% sbp_design drc

INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
%

<2359136>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357033>
<2357033>
<2359137>

Start: sbp design drc.
'BUSER' is set to default value '0' on bus 'AXI_MO02' in component 'axi4_interconnect0_inst'.
'RUSER' is set to default value '0' on bus 'AXI_MO2' in component 'axi4_interconnect0_inst'.

Dangling
Dangling
Dangling
Dangling
Dangling
Dangling
Dangling
Dangling
Dangling
Dangling
Dangling
Dangling
Dangling
Dangling
Dangling
Dangling
Dangling
Dangling
Dangling
Dangling

Finished:

input
input
input
input
input
input
input
input
input
input
input
input
input
input
input
input
input
input
input
input

Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Portl
Portl

'"RRUSER' 1s set to default value '0' on bus 'RXI_S00' in component 'axi4_interconnect0_inst'.
'RWUSER' 1s set to default value '0' on bus 'RXI_S00' in component 'axi4_interconnect0_inst'.

'WUSER' 1s set to default value 'O' on bus 'AXI 500" in component 'axi4_interconnect0_inst'.

'"RRUSER' 1s set to default value '0' on bus 'RXI S01' in component 'axi4 interconnect0_inst'.
'AWUSER' is set to default wvalue '0' on bus 'REXI S01' in component 'axi4 interconnectO_inst'.

'WUSER' is set to default value 'O' on bus 'AXT 501' in component 'axi4 interconnect0_inst'.

'ARUSER' is set to default wvalue '0' on bus 'REXI S00' in component 'axi4 interconnectl_inst'.
'AWUSER' is set to default wvalue '0' on bus 'REXI S00' in component 'axi4 interconnectl_inst'.

'WUSER' is set to default value 'O' on bus 'AXT 500' in component 'axi4 interconnectl inst'.

'ARUSER' is set to default value '0' on bus 'EXI S01' in component 'axi4 interconnectl_inst'.
'AWUSER' is set to default wvalue '0' on bus 'REXI S01' in component 'axi4 interconnectl_inst'.

'"WUSER' is
'BUSER' is
'RUSER' is
'BUSER' is
'RUSER' is
bus 'TDEST"

bus 'TID' is set to default value
sbp_design drc.

set
set
set
set
set
is

to default value
to default value
to default value
to default value
to default value

g
g
g
g
g

'4'n0"

on
on
on
on
on

bus 'BEXT_S01' in component 'axi4_interconnectl_inst'.
bus 'AXI4 M' in component 'axi_register_slice0_inst'.
bus 'AXI4 M' in component 'axi_register_slice0_inst'.
bus 'AXI_MOO' in component 'mpmcO_inst'.

bus 'AXI_MOO' in component 'mpmcO_inst'.

set to default value '4'hQ' on bus 'AXI45_RX' in component 'sgdmad_inst'.

on bus

'AXI45 RX' in component 'sgdmad_inst'.

Figure 8.7. TCL Console Output after Validating Design

9. Click on Design > Generate.

File Edit View Design Tools

P

) E

m Auto Assign
Q) Validate Design

Window Help

F-
r

;_, Generate
Select All
= K Area_select
{V Instanc 2
— €37 Locate Object
> B an
v fEoep
v i axi
» axi ® Generate Memory Report
» ¥ axi Run Radiant
» i1 axi - RunPropel
» B oo Tel History
P S oo Design Settings
» {1} concarmoaures

Figure 8.8. Generate in Propel Builder

10. The TCL console must be as follows. Note that the WARNING and INFO messages are expected.
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INEFD <2329%%92> - [(PGE FileExistence) Ho available driwver for rpga_n:cunrlq
*

Figure 8.9. TCL Console Output after Generating Design

11. Notice that after Generating the Design, it creates the sys_env.xml file in the project directory as shown in
Figure 8.10.

primary_gsrd » soc_primary_gsrd * sge

Fat

Mame

bsp

soc_svd
_ cpulyaml
ﬂf sys_env.xml

Figure 8.10. sys_env.xml File Created

12. Proceed to the Propel SDK window. Click on File > New > Lattice C/C++ Project.

7% primary_gsrd - Lattice Propel
File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
New Alt+Shift+N > % Lattice SoC Design Project LiOIR $
Open File... 1 lattice C/C++ Project
. Open Projects from File System... 3 Project..
Recent Files > @83 Source Folder
Folder
Source File
Header File
Crl+S File from Template
@ Class
Example...

1 Other.. Ctri+N

L( reate a new Lattice C/C++ Project i

Close All Editors Ctrl+Shift+W

Figure 8.11. Creating Lattice C/C++ Project for Bootloader

13. In C/C++ Project window, it automatically selects the generated sys_env.xml file. In the Select Example Application
section, select the GSRD CPNX Bootloader and provide a name for the bootloader as shown in Figure 8.12.
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01 C/C++ Project O

Load System and BSP f—

Load lattice system environment file and BSP package

Select system environment file and BSP package

System env: | C:\CertusPro-NX-GSRD2.0\soc_primary_gsrd\sge\sys_env.xml -|

Select processor core to create C/C++ Project
Core selected: |cpu_inst

Project type: C
System information

Device Family CPU Name Instance Name

LFCPNX riscv_rtos cpu_inst
Select Example Application
FreeRTOS-LTS minimal Project A || GSRD-CPNX-Bootloader
FreeRTOS-LTS PMP-Blinky Project 1. Initializes GP1O, UART
Timing Profiling Project 2. Configures LPDDR4 MC
GSRD Avant Bootloader 3. Configures QSPI Flash Controller

)3 4. Configures Ethernet PHY over 12C interface

GSRD Avant FreeRTOS 5. Copies FreeRTOS Application Software from external SPI FLash
GSRD CPNX FreeRTOS || to LPDDR4 MC

Limllom VAlmel Al Dhemimed i males Bl el mw o w am e T T bwe s mleow el e bl

Project name: | ¢ jrimary_buotloaded

Use default location

CACertusPro-NX-GSRD2.00\c_primary_bootloader Browse...

Choose file system: |SfEultis

[ Build the project
Create a debug launch configuration for OpenOCD ~

@ < Back Finish Cancel

Figure 8.12. Bootloader C/C++ Selection

14. Click Next and Finish.
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£33 C/Ce+ Project

Lattice Toolchain Setting

Configuration: Debug

Lib Setting C/C++ Compiler C/C++ Linker

(O No default libraries (-nodefaultlibs)

O Newlib

(O Newlib-nano (--specs=nano.specs)

(@ Picolibc (--specs=picolibc.specs)

Printf Level

@ Integer only printf (-DPICOLIBC_INTEGER_PRINTF_SCANF)
() Float printf (-DPICOLIBC_FLOAT_PRINTF_SCANF)
O Full printf (-DPICOLIBC_DOUBLE_PRINTF_SCANF)

System Library
@ Default

(O Semihosting (--oslib=semihost)
(O Dummyhosting (--oslib=dummyhost)

) < Back MNext >

Cancel

Figure 8.13. C/C++ Lattice Toolchain Setting

15. This loads the bootloader project in the workspace as shown in Figure 8.14.

ﬂ primary_gsrd - Lattice Propel

File Edit Source Refactor Navigate
M~ | >R~ @va

- - ¥ 4 - - .

L Project Explorer x ~~ © O
=
=5 ¢_primary_bootloader
e soc_primary_gsrd

Figure 8.14. Bootloader C Project Created

16. Similarly, create the FreeRTOS C Project. Go to File > New > Lattice C/C++ Project.
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s primary_gsrd - Lattice Propel

File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help

»

®

New AltsShiftsN> . Lattice SoC Design Project R #
Open File.. 1 lattice C/C++ Project

(52 Open Projects from File System... 9 Project.. [Create a new Lattice C/Ce+ Project |
Recent Files > @i Source Folder
Close Editor Ctrisw & Folder
Close All Editors CtrlsShiftsw | & SourceFile

n  Header File

Save Q=5 19 File from Template
Save As... @ Class
Save All Ctrl+Shift+S
. ; ™ Example..
Revert
™ Other... Ctri+N
Move... r

Figure 8.15. Creating C/C++ Project for FreeRTOS

17. In the Select Example Application, select the GSRD CPNX FreeRTOS project. Provide the project name as shown in

Figure 8.16.

£ ©fC++ Praject O X
Load System and BSP p—
Load lattice system environment file and BSP package -
Select system environment file and BSP package
System env: | C\CertusPro-NX-GSRD2.0\soc_primary_gsrd\sge\sys_env.xml v Browse...
Select processor core to create C/C++ Project
Core selected: cpu_inst w
Project type: C v
System information
Device Family CPU Name Instance Name
LFCPNX riscv_rtos cpu_inst
Select Example Application
FreeRTOS-LTS minimal Project # || GSRD-CPNX-FreeRTOS a
FreeRTOS-LTS PMP-Blinky Project
Timing Profiling Project 1. Configures UART and GPIO
GSRD Avant Bootloader 2. Configures 05
GSRD CPNX Bootloader 3. Configures TSE MAC
GSRD Avant FreeRTOS 4, Configures SGDMA
{ FreeRTOS o || 5.Setsup TSE MACTX o
alla WAlarlA Demimet M M me FCae e PVTOW am ol Toals C b w ol A mm
Project name: | ¢ _pnm.ary_app|
Use default location
CACertusPro-NX-GSRD2.0Nc_primary_app Browse...
* default
[1Build the project
Create a debug launch configuration for | OpenOCD
® < Back Mext > Finish Cancel

Figure 8.16. FreeRTOS C/C++ Selection
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18. Click Next and Finish.

Note: This is a manual step you need to perform. After the application project is created, it includes the
crc_add_debug.txt,nocrc_add_debug.txt, crc_add_release.txt,nocrc_add_release.txt as shown in Figure 8.17.

v &5 c_primary_app
¥ Binaries
) Includes
v 8 src
& bsp
& FreeRTOS-Kernel
¢ board.c
board.h
ethermet_frame.h
FreeRTOSConfig.h
main.c
ig 0s.c
{S 0sASM.S
b osmacro.h
vector.S
B cpusvd
3 cpuyaml
[@ crc_add_debug.txt
[ crc_add_release.txt
R linker.ld
[ nocrc_add_debug.txt
[D nocrc_add_release.txt
i3 sys_env.xml

by P E

B

173

Figure 8.17. FreeRTOS Project Created

19. Copy these four files.

v &5 c_primary_app
¥ Binaries
) Includes
v 8 src

& bsp
& FreeRTOS-Kernel
¢ board.c
N board.h
[N ethermet_frame.h
i FreeRTOSConfig.h
{8 main.c
9 osc
1Sl 0sASM.S
R osmacro.h
il vector.S
B cpusvd
= cpuyami
[@ crc_add_debug.txt
[ crc_add_release.txt
R linker.ld
[@ nocrc_add_debug.txt
D nocrc_add_re'~~=~s=

0} sys_envxml New
& Debug Open
(& Release Show In

X c_primary_app. e

~ RIS R P

Figure 8.18. Copy the CRC and NoCRC Add files

20. Paste it in your main c_primary_app project as shown in Figure 8.19.

© 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-02300-1.1

76


http://www.latticesemi.com/legal

Golden System Reference Design and Demo User Guide v2.0 for CertusPro-NX Devices :..LATT’CE

Reference Design

' Project Explorer x B4
~ 15 c_primary_ag

MNew
il Includes Go Into
3 src
X ¢_primary Open in New Window

5 c_primary_be Show In
@ soc_primary. [ Copy

T Paste
® Delete
) -
Remove fr& ettt Ctrl+Al
Snurce

Figure 8.19. Paste in FreeRTOS C project

21. It now adds the txt files under the FreeRTOS App C project as shown in Figure 8.20.
« &% c_primary_app
il Includes
2 src
% ¢_primary_app.launch
[ crc_add_debug.ta
[ crc_add_releasetxt
[l nocrc_add_debug.txt
[ nocrc_add_release.txt

Figure 8.20. Copied Text Files

22. Inthe c_primary_bootloader main.c file,

Edit the new_addr from GOLDEN_COPY_MEMORY_START_ADDR to PRIMARY_COPY_MEMORY_START_ADDR. Note:

You must update the new_addr as per the design requirements. If you are testing the Golden template, skip this

update.

For Multi-Boot, Edit the main.c file to add the fw_softreset() function as shown in the figure below. For the Golden

GSRD, this update is not needed. It is only needed if you are working on the Primary GSRD where you want to
enable the Multi-Boot feature.

int main(int argc, char **argv) {
static uint8_t idx = @;
static uint8_t pin_state = OxFF;
unsigned int seq =0;
unsigned int new_addr =
unsigned int lppdr_addr=LPDDR_APPLICATION_MEMORY_START_ADDR;
unsigned int crc_calculated = 0;
unsigned int crc_fw = 9;
uint32_t app_base = LPDDR_APPLICATION_MEMORY_START_ADDR;
bsp_init();

' . il .- iianw w . '

Figure 8.21. Updated Primary Address

if(crc_calculated == crc_fw)
printf("\r\nCRC matches successfully !!\r\n");
printf("\r\nJumping to FreeRTOS application ...\r\n");
asm volatile ("lui x5, X[appStart]” : : [appStart] "i" (LPDDR_APPLICATION_MEMORY_START_ADDR >> 12));
asm volatile (“"addi x5, x5, ¥[appStart]" : : [appStart] "i" (LPDDR_APPLICATION_MEMORY_START_ADDR & OxFFF));
asm volatile (“jalr x@, x5, @");

else

Erintfé"\r\n ERROR: CRC Mis-matched!!!\n");

Figure 8.22. Add the fw_softreset() Function to Enable Multi-Boot

}
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23. Inthe c_primary_app folder, update the crc_add_debug.txt or crc_add_release.txt file as shown in Figure 8.23.
Line 5 and line 12 must be replaced with the app project name that you provided; in this case the name is
c_primary_app. Hence, the name of the file is replaced with ¢_primary_app.bin. Line 16 must contain the name as
c_primary_appcrc.bin. This output file has the CRC for application software appended at the end of binary file.

i) crc_add_debug.bt X . I nocrc_add_debug.txt
1# srec_cat command file toi add the CRC and produce application file to be flashed
2# Usage: srec_cat @filename

A#first: create CRC checksum

5 ..\Debug\c_primary_app.bin -Binary
6-fill OxFF 0x0000 0x40000

7 -crop 0x0000 Ox3fffe

8 -CRC16_Big_Endian @x3fffe -CCITT

9 -crop @x3fffe 0x40000

# fill code area with @xff

# just keep code area for CRC calculation below

# calculate big endian CCITT CRC16 at given address.
# keep the CRC itself

11#second: add application file
12 ..\Debug\c_primary_app.bin -Binary

13 -fill OxFF 0x0000 Ox3fffe # fill code area with @xff

15# generate a Binary file
16 -0 ..\Debug\c_primary_appcrc.bin -Binary

Figure 8.23. Update crc_add_debug.txt

24. Similarly, in the noncrc_add_debug.txt or nocrc_add_release.txt, update line 5 and line 8 with the file name
without CRC as shown in Figure 8.24.

[ crc_add_debug.txt | ) nocrc_add_debug.txt X%

1# srec_cat command file h:o add the CRC and produce application file to be flashed
2# Usage: srec_cat @filename

4#first: create CRC checksum

5 ..\Debughc_primary_app.bin -Binary
6-fill @xFF 0x@000 2x40008

7# generate a Binary file

8-0 ..\Debug\c_primary_app.bin -Binary

# fill code area with @xff

Figure 8.24. Update noncrc_add.txt

25. Open the Linker.Id file from c_primary_app.

(. Project Explorer X B %
v &5 c_primary_app
W Includes

# = O |[R Linker X

~ @ src
@& bsp
= FreeRTOS-Kernel
[& board.c
(8 boardh
[& FreeRTOSConfigh
& mainc
@ osc
[ osASMS
i osmacro.h
[ vectors
B cpusvd
 cpuyaml
D crcaddtxt
B linker.d
I nocrc_add.tet
) sys_envaxml
% ¢_primary_appJaunch
[ cre_add ot
[ nocre_add.txt
& c_primary_bootloader
& soc_primary_gsrd

Linker Script: linker.ld

Available Memory Regions

Name Attributes  Base Address  Size
sysmemQ_inst i 0x0 0x20000
STACK and HEAP Size

HEAP_SIZE: | 0x0 |

STACK_SIZE: | 0xA00 |

Section to Memory Region Mapping

CODE: |sysmem0_inst

DATA: sysmemo_inst

Section Name Memory Region
text sysmem0_inst
ctors sysmem0_inst
dtors sysmem0_inst
rodata sysmem0_inst
data sysmem0_inst
bss sysmem0_inst
‘heap sysmem(Q_inst
stack sysmemQ_inst

Figure 8.25. Open Linker.Ld File

26. Update the MEMORY org address to 0x80000000 for FreeRTOS to run from LPDDRA4.
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(5 Project Explorer X BE®yY §=0 *Linker X
~ &5 c_primary_app 1/* Lattice Generated linker script, for normal executables */
) Includes ¢
v @sc JENTRY (_start)
v @bsp 5_HEAP_SIZE = DEFINED(_HEAP_SIZE) ? _HEAP_SIZE : @x;
5“’"“' 6_STACK_SIZE = DEFINED(_STACK_SIZE) ? _STACK_SIZE : ©xA@O;
[ riscv_errorsh -
[ sys_platformh 8 MEMORY
(& FreeRTOS-Kemel 9{
1€ board.c 1e sysmem@_inst (rwx) : org = B qaas], len = 0x20000
® boardh 5
L!i} FreeRTOSConfig.h 13 SECTIONS
& main.c 4
[8 osc 15 /* CODE */
8 0sASMS 16 .text : ALIGN(4)
(& osmacroh 17 {
B vectorS 18 _ftext = .;
19 PROVIDE (_sprof = .);
R cpusvd - H
2"’““’ 20 KEEP (*(SORT(.crt*)))
= cpuyaml 21 *(.text .text.* .gnu.linkonce.t.*)
) cre addxt 22 KEEP (*(.init))
R linker.d 23 KEEP (*(.fini))
D nocrc_add.txt 24 . = ALIGN(4);
@ sys_envxml 25 _etext = .;
% c_primary_app.aunch ;'7 } >sysmemd_inst
acaddod 28 .gprof : ALIGN(4)
nocrc_add.txt 29 {
& c_primary_bootloader 30 PROVIDE (_s_part_prof = .);
&3 soc_primary_gsrd 31 KEEP (*(.gprof))
32 . = ALIGN(4);
33 PROVIDE (_eprof = .);
34} >sysmem@_inst
35
36 .ctors : ALIGN(4)
37 {
38 _ctors_start = .;
39 KEEP (*(.init_array*))
49 KEEP (*(SORT(.ctors.*)))
a KFFP (*(_ctors))
Overview | linker.id

Figure 8.26. Update Linker.ld File

27. Press Ctrl + s to save the change as shown in Figure 8.27.

Explorer x = 0]
Be VT §

> k5 c_primary_app
» 15 ¢_primary_bootloader
- 12 soc_primary_gsrd

Figure 8.27. Workspace
28. To create the bootloader binary file, right-click on c_primary_bootloader and select Build Project.

L Project Explorer X = o]
BE Y &

» &5 c_primary_app
» 5 c_primary_bootloz *

» 1 soc_primary_gsrd New ’

Go Into

Open in New Window
Show In Alt+Shift+W >

B Copy Ctri+C

Paste
Delete
Remaove from Context

Ctri+V
Delete
Ctrl+Alt+Shift+Down

Source »
Move...

Rename... F2
Import..

Export..

Build Project
Clean Project

EE

| Incremental Build of Selected Projects i

Figure 8.28. Build Bootloader Project
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29. The console output is displayed as shown in Figure 8.29.

Building target: c_primary_bootloader.elf

Invoking: GNU RISC-V Cross C Linker

riscv-none-embed-gce -march=rv32imac -mabi=ilp32 -msmall-data-limit=8 -mno-save-restore -00 -fmessage-length=0 -fsigned-char -ffunction-sections -fdata-sections -g3 -T "C:/CertusPro-NX-GSRD2.8/c_
Finished building target: c_primary_bootloader.elf

Invoking: GNU RISC-V Cross Create Listing
riscv-none-embed-objdump --source --all-headers --demangle --line-numbers --wide "c_primary_bootloader.elf" > "c_primary_bootloader.lst"
Finished building: c¢_primary_bootloader.1lst

Invoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley "(jr-imaryibmtlnader.elf"
text data bss dec hex filename
9668 20 3500 13188 3384 c_primary_bootloader.elf
Finished building: c¢_primary_bootloader.siz

Invoking: Lattice Create Memory Deployment
riscv-none-embed-objcopy -0 binary --gap-fill @ "c_primary_bootloader.elf” "c_primary_bootloader.bin™; srec_cat “"c_primary_bootloader.bin™ -Binary -byte-swap 4 -DISable Header -Output "c_primary_b
Finished building: ¢_primary_bootloader.mem

©1:09:51 Build Finished. @ errors, 4 warnings. (took 4s.731ms)
Figure 8.29. Bootloader Build Project Console Output

30. This creates a debug folder as shown in Figure 8.30. The binary created is named as c_primary_bootloader.mem.
This goes as a part of system memory in Propel Builder design.

v & ¢_primary_bootloader

4 Binaries

n Includes

£ src

v & Debug

& src
%5 c_primary_bootloader.elf - [riscv/le]
2 c_primary_bootloader.bin
@c _primary_bootloader.Ist
[ c_primary_bootloader.map
[ ¢_primary_bootloader.mem
® makefile
@ objects.mk
@ sources.mk

X| c_primary_bootlioader.launch

Figure 8.30. Bootloader Binary Created
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31. Before creating the binary for FreeRTOS project, right-click on c_primary_app project and click Properties.

L Project Explorer X SR i=0
15 c_primary_apg :
5 c_primary_boc
& soc_primary_g

New >
Go Into

Open in New Window

Sowln Alt+Shift+W >
B Copy Ctri+C

Paste Cul+V
% Delete Delete

Remove from C ex

Source >

Ctrl+Alt+Shift+Down

Move.

Rename... F2
22 Import...
4 Export.

Build Project

Clean Project

Refresh F5

Close Project

Close Unrelated Projects

Build Configurations Open Properties Dialog >
Build Targets >
Index L4
Run As >
Debug As >
Profile As >
Restore from Local History...
Create Lattice Application Template
Update Lattice C/C++ Project...
%' Run C/C++ Code Analysis

Team

Compare With

Configure

Source
¥ Validate

Properties Alt+Enter

# 0

Figure 8.31. Properties

32. In case you wish to create a release folder on the C project build, go to C/C++ Build > Settings. In the Configuration

tab, select Release. Otherwise, skip to step 47.

8 Properties for c_primary_app O w0
type filter text Settings oS- v i
» Resource
Builders
v C/C++ Build Configuration: IDebug [ Active ] v| Manage Configurations..
Build Variables Debug [ Active ]
Environment - .
Logging % Tool Setting [ All configurations ] nary Parsers @ Eo| 4| *

Figure 8.32. Select Release as Configuration

33. Click on Manage Configurations, select Release and click Set Active.

Settings Cv v §
Configuration: Release ~ | Manage Configurations...
P .
W Tool Settings % Tq .- c_primary_app: Manage Configurations X |13c( | Binary Parsers @ Emo * | *
Pre-build steps Configurati.. Description Status
Command: Debug Active
Release ~
Description:
|| Set Active | | New. Delete | Rename.. |~ o
Post-build steps Cancel
Command:

[ = S

Nesrrintinn:

Figure 8.33. Set Release as Active Configuration
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34. Go to C/C++ Build > Settings > Build Steps and under Post-Build Steps > Command, add these commands as shown

below for your respective builds i.e. for Debug or Release.

srec_cat.exe "@..\crc_add_debug.txt" && srec_cat.exe "@..\nocrc_add_debug.txt"

srec_cat.exe "@..\crc_add_release.txt" && srec_cat.exe "@..\nocrc_add_release.txt"

Q Properties for c_primary_app

Resource
Builders
w CfC++ Build
Build Variables
Environment
Logging
Settings
Tool Chain Editor
C/C++ General
MCU
Project Natures
Project References
Run/Debug Settings
SystemVerilog Projec
Task Tags
Validation

Settings

Configuration: Debug [ Active ]

# Build Steps Build Artifact & Binary Parsers @ Error Parsers aq:*

Pre-build steps
Command:

~ | Manage Configurations...

Description:

Post-build steps

Command:

| srec_cat.exe "@ \crc_add_debug.bit” B srec_catexe "@.\nocrc_add_debug.ba” v |

Description:

[

Figure 8.34. Adding Post Build Step for FreeRTOS Application CRC Binary Append

35. Click Apply and Close.

36. Right-click on c_primary_app and click on Build Project.

1 Project Explorer x =
= C_primary_a~——

= ¢_primary_b
&} soc_primary

37. The console output is displayed as shown in Figure 8.36.

MNew
Go Into

Open in New Window
Show In

£ Copy

Paste

X Delete
Remove from Context
Source
Move...

Rename...

s Import..
i Export..

Build Project
Clean Project
Refresh

Plmas Paxliz=s

Alt+5Shift+W >

Ctrl+C
Ctri+V
Delete
Ctrl+Alt+5Shift+Down

>

F2

Incremental Build of Selected Project:

F5

Figure 8.35. Build c_primary_app C/C++ Project
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Invoking: GNU RISC-V Cross C Linker
riscv-none-embed-gcc -march=rv32imac -mabi=ilp32 -msmall-data-limit=8 -mno-save-restore -00 -fmessage-length=@ -fsigned-char -ffunction-sections -fdata-sections -g3 -T "C:/CertusPro-NX-GSRD2.0/
Finished building target: c_primary_app.elf
Invoking: GNU RISC-V Cross Create Listing
riscv-none-embed-objdump --source --all-headers --demangle --line-numbers --wide "c_primary_app.elf" > "c_primary_app.lst”
Finished building: c_primary_app.lst
Invoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley “"c_primary_app.elf"
text data bss dec hex filename
29556 140 27648 57344 @00 c_primary_app.elf
Finished building: c_primary_app.siz
Invoking: Lattice Create Memory Deployment
riscv-none-embed-objcopy -0 binary --gap-fill @ "c_primary_app.elf" "c_primary_app.bin"; srec_cat "c_primary_app.bin" -Binary -byte-swap 4 -DISable Header -Output "c_primary_app.mem" -MEM 32
Finished building: c¢_primary_app.mem

srec_cat.exe "@..\crc_add_debug.txt" && srec_cat.exe "@..\nocrc_add_debug.txt"

01:09:22 Build Finished. @ errors, 3 warnings. (took 8s.261ms)
Figure 8.36. FreeRTOS App Build Project Console Output

38. This creates the debug folder and the following files with c_primary_app.bin and c_primary_appcrc.bin binaries
with CRC and without CRC as shown in Figure 8.37.

(. Project Explorer X SR’ S =
v &5 c_primary_app
¢ Binaries
»l Includes
2 src
v (& Debug
& src
¥ c_primary_app.elf - [riscv/le]
c_primary_app.bin
D c_primary_app.lst
@ c_primary_app.map
B c_primary_app.mem
¢_primary_appcrc.bin
makefile
objects.mk
sources.mk
X c_primary_app.launch
[ crc_add.txt
B nocrc_add.txt

Figure 8.37. FreeRTOS App Binaries Created with CRC and without CRC

8.2. Using Different SPI Flash Manufacturer

There are few SPI flash manufacturers supported by QSPI Flash Controller IP and drivers such as Winbond, Macronix,
and Micron.

To build the GSRD bootloader for specific SPI flash model, perform the following steps:

1. Change the 6™ parameter of the gspi_flash_cntl_read_fifo_dis() function in main.c #line 282 to the respective SPI
flash model (see below)

for(seq=0;5eq<QSPI_FETCH_SEQ;seq++)

printf("\r\nQSPI Fast Read -- Cycle: Zd\r\n", seq);
gqspi_flash_cntl_read_fifo_dis(new_addr, FLASH_ADDR_WIDTH, FLASH CATL_BSPI NODE,

(unsigned int x)lppdr_addr, QSPI_FW_FETCH_SIZE,
JEDEC_MANUFACTURER.1D_WINGONDIR

new_addr = new_addr+QSPI_FW_FETCH_SIZE;

lppdr_addr = lppdr_addr+QSPI_FW_FETCH_SIZE;

printf(“Copying SPI content to LPDDR start addr: @x%x \r\n", lppdr_addr);

Figure 8.38. SPI Flash Manufacturer Parameters Changes in QSPI Read Function

e JEDEC_MANUFACTURER_ID_MICRON = Micron MT25QU128
e JEDEC_MANUFACTURER_ID_MACRONIX = Macronix MX25L12833F
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e JEDEC_MANUFACTURER_ID_WINBOND = Winbond W25Q512JV
2. Repeat the steps 28 mentioned in the Building the Bootloader and FreeRTOS Binary Files using Lattice Propel SDK

section.

8.3. Validating and Generating the GSRD Design using Propel Builder

To validate and generate the GSRD design, perform the following steps:
1. Select the soc project and Launch Propel Builder from Propel SDK as shown below, if it is not already opened.

£ primary_gsrd - Lattice Propel - m} X
File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
18 4 | ® % v 6 @~ 6!y dv @ v 1 v (& OpenDesignin Propel Builder
v oD S v|r® Generate and Open Diamond Project Q ®|8
. Project Explorer X =n Generate and Open Radiant Project O |(8= Outlin X =n
| i - > 3 Lattice Sentry Tools for MachXO3D >
Lattice Sentry Tools for Mach-NX >
L There is no active editor

&5 c_primary_app
15 c_primary_bootloader
2 soc_primary_gsrd

that provides an outline.

Figure 8.39. Open Propel Builder

2. The Primary GHRD SoC opens as shown in Figure 8.40.

Fig B Vew Desgn el Windie el

PR - ] s BEGE xS @ e aaa fe,
] a P - Fip—p—
BB WO W AT
I e gy gl

fyhingminpling .u.-:--'l[l___}._’_‘

wor,_presary_ g ve_presery_gm

B e e

Figure 8.40. Propel Builder SoC Project

Before validating and generating the system, you need to pre-initialize the system memory.
Select the System Memory Instance from the Design View in the left column and it highlights the sysmemO_inst as
shown in Figure 8.41.
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Figure 8.41. System Memory Highlighted

5. Double-click on the highlighted component shown in the schematic and it opens the Module/IP Block Wizard as
shown in Figure 8.42.

* Module/IP Block Wizard

memory Version 2.2.0

‘Set the following parameters to configure this component.

Dizgram sysmemo Configure 1P

General Port 50 Settings Port 51 Setii

Property Value

sysmemO

Interface AxiA
4 ™ Memory Address Depth [1 - 4055040] 65336
Data Bus Width(bits) 2
— I\‘XI SO Memory Type EBR
S Port Count 1
ECC Enable

| aXi_aC”(_i AXI4 1D Width 4

Enable Data Streamer

—axi_resetn_i

Initialize Memery
Systel l | I | |e| l lory Initialization File Format hex
- Initialization File ./-/c_golden_bootloader/Debug/c_golden_bor
Al »
Document No DRC issues are found.

Figure 8.42. System Memory IP Configuration

6. Click on Initialization File’s Value area with three dots to locate the generated c_primary_bootloader.mem
Bootloader file as shown in Figure 8.43.
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primary_gsrd > c_primary_bootloader > Debug

ilder
MName

src :
H c_primary_bootloader.bin :
D c_primary_bootloader.elf :
ﬁ c_primary_bootloader.Ist i
0 c_primary_bootloader.map i
H c_primary_bootloader.mem i
D makefile :
D objects.mk ;

D sources.mk :

Figure 8.43. Initialize System Memory with c_primary_bootloader.mem

7. Select the c_primary_bootloader.mem file created as shown in Figure 8.43.
8. Click Generate on the bottom-right corner of the IP Block wizard as shown in Figure 8.44.
R i e

Cowegwonnt bowm Phnidie syvhon swweery Verwne 3 15
L i St e

~ [ o S g Pt ) g

terfece A
Mamary Adosess Degth || - RS0 s
Deta B Wi uas R
\, -
sysmemO My = ,
1L Dnnlie
+
Yo .

beekic Memory -]
System_memOl'y M e J e grimary_besbouter Debugy'c_mierary et

Figure 8.44. Click Generate
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9.

*. Module/IP Block Wizard
Configure Component from Module system_memaory Version 2.2.0

Set the following parameters to configure this component.

Diagram sysmemi Canfigure IP

General
Property
~ General
Interface
Memory Address Depth [1 - 4033040]
Data Bus Width(bits)
Memory Type

sysmem0Q

—[HAx1_so

—axi_aclk_i

Port Count
ECC Enable

AXI4 1D Width
~ Data Streamer

Enable Data Streamer

~ Initialization

—axi_resetn_i

Initialize Memory

Initialization File Format

Initialization File

system_memory

Port 50 Setfings

Value

A4
32768
32
EBR

1

hex

= LATTICE

Port 51 Setfings

;‘.f...fc_primary_bootloader.fDabug/c_primary_bootl..‘

Figure 8.45.Bootloader File Updated in System Memory

Wait until the processing is complete and click Finish as shown in Figure 8.46.

4. Module/IP Block Wizard

Check Generated Result
Check the genersted component results in the panel below.

Component 'sysmemd’ i successfully genarsted.
Module: system_memory  Version: 2.2.0
Vendor: latticesemi.com

Language: Veriog

Generated files:

IP-XACT_component: componentaml
IP-XACT_design: design.eml
black_box_verilog: rtlfsysmemd_bb.v
cfg: sysmemi.cfg

IP package file: sysmemi.ipsx
template_verilog: misc/sysmam_tmpl.y
dependency_file: testbench/dut_inst.v
dependency_file: testbench/dut_params.v
template_vhdl: misc/sysmemd_tmpl.whd
|_verilog: rilfsysmeml.v

Figure 8.46. Click Finish

< Back

Finish

10. Go to Design > Validate and Design and Design > Generate Icon. Output shown is similar to Figure 8.7 and

Figure 8.9. Make sure there are no DRC errors.

11. Make sure there are no errors. Note that the INFO <235999*> messages on the TCL console are expected since

8.4.

these modules or IPs do not contain any software IP drivers.

To synthesize the RTL files and generate the bitstream, perform the following steps:

1.

Synthesizing the RTL Files and Generating the Bitstream using Lattice Radiant

Click the Radiant icon from Propel Builder to launch the Radiant software as shown in Figure 8.47.
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File Edt View Design Tools Window Help

— . > N v = ey
o | B : A w =y ‘g N e < Q
- Run Radans
gn View _ Schematic Addrem A St Page w
B} LFCPNX-100-0LFGET2C 2

Figure 8.47.Run Radiant Icon

2. The Radiant window of your project is launched as shown in Figure 8.48.

Lattice Radiant Software -[C:/CertusPro-NX-GSRD2.0/soc_primary_gsrd/soc_primary_gsrd.sdf] - Reports - o8 X
Fle Edt View Project Tooks Window Help

) : QQQQ BE AL OOENENES90BEIBS RSN
P O sevescosn [ wwose [ rcammevem [ sowne

2 x & sutruge Reports

o~ L
~ Bl soc_primary_gsrd H
LFCPNX-100-0LFG672C Reports. Soc_primary_gsrd Project Summary
~ [ Strategies Implementation Name imol_1 Performance Grade 9_High-Parformance_1 0V
=
iming
Part Number LFCPNX-100-8LF G672C Synthesis Synpity Pro
~= 7 Strategyt + [ Synthesis Reports
¥ (% impl_1 (Synplify Pro) Family LFCPNX Timing Exmors
v () nput Files = FCPNX-100 2 2024109730 01:16
, evica: A (onct Created 409730 01/16:14
~ [} soc_primary_gsrd/ib/latticesemi.com/module/ph0/1.9.0/piipx Jeap Reporks L -
» [ RIL Files Package LFGET2 Project Updated 202410930 01.16.17
»
/88, Consismias Fles FPcRnass Repony Proect Fie C1CartusPro-NX-GSRD2 0so:_primary_gerdisoc_premary_gsrd.rof
b (7 Testbench Fies
piclg + (2 Export Reports Implementation Location CiCerusPro-NX-GSRD2 ('soc orimary. gsrdimel 1
= (4} s0c_primary_gsrd/ib/latticesem com/ip/awid_regsiced/] 0.0/ax4 regriceDip:
b B0 KT Fles » [ Misc Reports Resource Usage
» [ Testbench Files 3 . =
¢ 10 Buffers
w64 regalicelicly “ 2
~ (4] soc_primary_gsrdiblatticesemi.com/ip/sgdmati2.2.0/sgdmadipx PFU Register ) EBR ]
» () RILFiles 8
ok pdiary erd - 364 preas, ik - Soc_primary_gsrd Constraints Dropped Summary
T tse_mact(tse_macd_inst) - tse_macOy Synihese 0 Post Synthesis 0
§ sysmemOlsysmemd_jnst) - sysmemO.y = m T 5
7 sqmiisgmi_inst) - sgmiy
} sqdmeD{sgdma0_inst) - sgdmalsv
51_apb_uant(s1_apb_uart inst) - s1_apb_vartv
; 50.2pb_gpiols0_8pb_gpio jnst) - 0_apb gpiov > scurce "C:/CertusPro-NX-GSRD2.0/scc_primary_gsrd/radiant_setup_template.tcl® 2 x
B rstsyncdist syncd st - st syncdv >

»
,

,

,

»

,

,

» 5 qspilqspi0_inst) - qsplv

» T piO(pliO_inst) - pliOw

» T mpmcDimpmed_inst) - mpmclisy

> T lpddnd me_contrOlpdded_me_contrd jnst) - ipdded me_conti0sv
» B 2600260 inst) - i2c0v

» % fpgs_conhigOlfpga_configl_inst) - fpga_confighy

» B cpulcpu_inst) - cpusv

» 1% 204 regsliceO(axid_regslice0_inst) - sud_regshiceO

» 0 a4 ¥ st - axidJ

 aca inst) - a4 -

Figure 8.48. Lattice Radiant 2024.1 Window

3. Click on Close on the pop-up window.
4. Locate the following clock_constraint.sdc and soc_board_constraint.pdc files in your Propel Installation area.

Windows (C:) » lscc » propel = 20241 » templates » LFCPMX_RX_GSRD_Templatel1 » LFCPMNX

s

Mame

H clock_constraint.sdc

H soc_board_constraints.pdc

Figure 8.49. Constraint Files Folder

5. Right-click on Pre-Synthesis Constraint Files > Add > Existing File.. as shown in Figure 8.50.
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Lattice Radiant Software -[C:/primary_gsrd/soc_primary_gsrd/soc_primary_gstd.rdf] - Reports
File Edit View Project Tools Window Help

g-E=5-H 9 ¢ Qaaa o &
> u Synthesize Design u Map Design u Place & Route Design n Export Files

Q> FndTer. 2 x 12} start Page [ Reports

~ |48} soc_primary_gsrd/lib/latticesemi.com/ip/sysmem ™

3 RTL Files Reports
» Testbench Files

~ |8} soc_primary_gsrd/libflatticesemi.com/ip/tse_to_r
> RTL Files

» [£] Synthesis Reports
» (] Testbench Files
tse_to_rgmii_bridgel.cfg

»
~ [ soc_primary_gsrd/liby/latticesemi.com/module/pl [EERIES

> RTL Files
3 Constraint Files ¥ |2] Place & Route Reporis
3 Testbench Files

pliocfg » [2] Export Reports

" straint Files;

Post-Synthesis Cons » (5 Misc Reports
Debug Files

Script Files

Analysis Files Regenerate All IPs...

Programming Files Add » New File...

4
~ 1 soc_primary_gsrd - soc_prir
v TF vartD{uartD_inst) - vart(
1} tse_to_rgmii_bridge0its

N Existing File...
b 1} tse_macOftse_macO_ins
»

3 Existing Simulation File..

I sysmem0(sysmem0O_ins

Figure 8.50. Add Existing Pre-Synthesis Constraint

6. Select the clock_constraint.sdc and Ensure that the Copy File to Directory is enabled as shown below. Click Add.

Add Existing File ? X
Look in: Ci\lscc\propel\2024.1\templates\LFCPNX_RX_GSRD_Template01\LFCPNX e 2 0 ﬁ @ E]
‘ My Co Name M Size Type Date Modified
2 Skothe 1 ‘clock constraint.sdc | 30.es sdcFile 6/12/2024 3:54 PM
1 3
File name: dock_constraint.sdc Add
Files of type: | Pre-Synthesis Constraint Files (*.sdc *.fdc ) - Cancel

Copy file to directory | C:/CertusPro-NX-GSRD2.0/s0c_primary_gsrd/source/impl_1

-

Figure 8.51. Select clock_constraint.sdc file

7. Similarly, add the soc_board_constraints.pdc file to the Post-Synthesis Constraint Files as shown in Figure 8.52.
Click Add.
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Add Existing File ? x
Look in: Ci\lscc\propel\2024.1\templa. NX_RX_GSRD_Templsteo1\tFcPiX ~ Q) © @ @ B F

. My Co Name v Size Type Date Modified

a SKothe ﬂ soc_board_constraints.pdc 12..KiB pdc File 7/29/2024 3:32 PM
4 (3K 3
File name: soc_beard_constraints.pdc Add
Files of type: | Post-Synthesis Constraint Files (*.pdc ) - Cancel

Copy file to directory | C:/CertusPro-NX-GSRD2.0/s0c_primary_gsrd/source/impl_1

-

Figure 8.52. Select soc_board_constraint.pdc File

8. After you add these constraint files, the Radiant file list is updated as shown in Figure 8.53.

Lattice Radiant Software -[C:/primary_gsrd/soc_primary_gsrd/soc_prima
File Edit View Project Tools Window Help

= .
o7 L7 ‘Eﬂ @ C
> n Synthesize Design n Map Design u
A
Q= Find Text... [ b

~ |y} soc_primary_gsrd/lib/latticesemi.com/ip/sysmem *

2 RTL Files
3 Testbench Files
sysmem0.cfg
~ |4 soc_primary_gsrd/lib/latticesemi.com/ip/tse_to_r
2 RTL Files
3 Testbench Files

tse_to_rgmii_bridge0.cfg
~ |4 soc_primary_gsrd/lib/latticesemi.com/module/pl
2 RTL Files
3 Constraint Files
3 Testbench Files
plli0.cfg
= Pre-Synthesis Constraint Files
B 1_1/clock
= Post-Synthesis Constraint Files
B source/impl_1/soc_board_constraints.pdc
Debug Files

il

Seript Files -

4 3

Figure 8.53. Pre and Post-Synthesis Constraint Files Added

9. Double-click on Strategyl.
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= [ soc_primary_gsrd
E LFCPNX-100-9LFG672C
< Strategies
[&] Area
= Timing

Figure 8.54. Update the Strategy

10. The Place & Route strategy is used for the GSRD testing.

Note: You can update these fields as per their machine and run-time requirements. However, due to this change,
the Radiant tool might update the warnings and place & route details.

Strategies - Strategyl X
Description:
Oz All ~| | Default
- 'S_y|nthes\ze Design Na:ne Type Value
p— Constraint Propagation Command Line Options Text
j— Synplfy Pro Disable Auto Hold Timing Correction TF
- = Postiinthesis Disable Timing Driven TF
=] Post-Synthesis Timing Analysis Impose Hold Timing Correction TF
-« 3 Map Design Multi-Tasking Nede List File
= Map Timing Analysis Number of Host Machine Cores Num |5
- Place & Route Design Pack Logic Block Utility [blank or 0 to 100] Num
[=] Place & Route Timing Analysis Path-based Placement List Cn
Ele Timing Analysis Placement lteration Start Point Num |2
[Z] Timing Simulation Placement Iterations [0-100] Num |2
[5] Bistream Placement Save Best Run [1-100] MNum

Prioritize Hold Correction Over Setup Performance | T/F ]

Run Placement Cnly TF
Set Speed Grade for Hold Optimization List m
Stop Once Timing is Met T/F ]

oK Cancel Apply Help

Figure 8.55. Strategy Used for CertusPro-NX GSRD Testing

11. Click on the Green Run All icon to generate a bit file. Wait for the bitstream generation and check the logs.
File Edit View Project Tools Window Help
o- &- H QQ @ Q m = ©(
} u Synthesize Design u Map Design Place & Route Design u Export Files H

Run All F
Q. ~ Fnd Taxt... [Eal ‘@’ Start Page || Reports 5

Figure 8.56. Generating the Bit File

12. The compilation flow takes some time to complete. The .bit file is generated/updated in the project path
(<root_directory>/soc_primary_gsrd/ impl_1) after compilation is completed successfully as shown in Figure 8.57.

> Synthesize Design | Map Design | Place & Route Design | Export Files | 5

Figure 8.57. Successful Radiant Flow and Bitstream Generation
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Note: If you observe timing violations during Lattice Radiant compilation, this may be due to the Placement
Iteration Point number for Place and Route not working optimally on your machine. In this case, perform the

following steps.

In Lattice Radiant software, go to Project > Active Strategy > Place & Route Design Settings.

a
b. Change Placement Iterations from 1 to 5.

c. Change Placement Save Best Run from 1 to 5.

d. Click OK.

e. Click on Export Files.

13. This reruns the Place & Route Design with five different incremental start point values. The Place & Route Reports
shows all the five placement results and selects the best timing result.

8.5. Generating the Multi-Boot MCS File

To generate the multi-boot MCS file, perform the following steps:

Note: Follow these steps only when you have or re-created both Golden and Primary bitstreams.

1. Launch the Lattice Programmer from Lattice Radiant as shown in Figure 8.58.

2. Provide the location of where you like to store the programmer .xcf file. Click OK.

B Lsttice Radiant Software 2024.1

&~ Install&Uninstall Cable Drivers

. IP Packager

/‘ﬂ.\
{*#-) Power Calculator
35

Questa Lattice Edition

4 Radiant Programmer

Figure 8.58. Launch Radiant Programmer from Windows Start

3 Radiant Programmer - Getting Started

News Project:

e

Project Locatins ||

(®) Creste 2 naw projact fram 2 scan
Cable: | Port: o Detect Cable
S —

(D) Create anew blank profect

Open Project:

(Z) Open an existing programmer project

Figure 8.59.Radiant Programmer Getting Started Window

Note: This displays the error message shown in Figure 8.60 since there is no HW board connected. This error
message can be ignored.
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Enable Status Device Vendor Device Family Device Operation Cable Setup & x
1 Generc IIAG Device  JTAG-NOP Bypass Cabie Satngs
Dtect Cable
Cabie HV-USBN-28 (FTD1) =
Fon Fruseo -
Custom pert
Proganning Speed Setings v
< H|E: >
Output 5 x

vt Tl Conscls

Figure 8.60.Error if No HW Board is Connected

3. Click Tools > Deployment Tool.

£ Radiant Programmer - mcsxcf *
File Edit View FRun  Tools Help
bl IR R Deployment Tool
Enable Status Devic IB) Download Debugger
# Programming File Utility

1 TAG-NC
# (Custom Flash Device...

Figure 8.61.0pen Deployment Tool from Radiant Programmer

4. This opens the Deployment Tool window as shown in Figure 8.62.

B2l Radiant Deployment Tool - Getting Started 7 X

@® Create New Deployment

Functon Type: | Fie Conversion ~

OutputFieType: | TEEE 153215C Data Fle -
(O Open an Existing Deployment
Recent Fies: C:/Users/SKothari/Downloads/GSROR elease projectd.ddt

Close

Figure 8.62.Deployment Tool Start window

5. Apply the settings shown in Figure 8.63 and click OK.
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B Radiant Deployment Tool - Getting Started ? X

@ Create New Deployment

Function Type: External Memory ™

OutputFile Type: | Advanced SPI Flash ~

{Z) Open an Existing Deployment

Figure 8.63. Options for Creating New Deployment

6. Step 1 of 4: Select the Input File(s) window, as shown in Figure 8.64:
a. Click the File Name field to browse and select the primary gsrd’s .bit from your primary soc project.

b. The Device Family and Device fields auto populates based on the bitstream .bit file selected.
c. Click Next.

E Radiant Deployment Tool- project0.ddt* - [m] X
File Edit Help
allc| E ke DR £

e
External Memory: Advanced SPI Flash
Step 1 of 4: Select Tnput File(s)
File Name (*.bit *.rbt *.bin *.hex) Device Family Device
1 em/impl_1/soc_primary_system_impl_1.bit ... LAV-AT_ENG LAV-AT-ETOES1

Previous Next

Figure 8.64. External Memory Step 1 of 4: Select Input Files

7. In Step 2 of 4: Select the fields as shown in Figure 8.65.
a. Under Options tab: Choose Output Format as Intel Hex and SPI Flash Size (Mb) as 512.
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E Radiant Deployment Tool- project0.ddt* - [m] X
File Edit Help
N ® DB oE £ B

External Memory: Advanced SPI Flash

Step 2 of 4: Advanced SPI Flash Options

Options User Data Files Multiple Boot

Output Format: Intel Hex ~

SPIFlash Size (Mb): |512

SPI Flash Read Mode: |Quad /O SPIFlash R | Clock Mode: | Single-ended Cloc ~
[ syte wide Bit Mirror

[ Retain Bitstream Header

[] optimize Memory Space

[] sFoP Enabled

[ Encryption

Encryption Mode: |AES256-GCM

Encryption Key:

Edit Key
[] ECDSA Authentication
Authentication Mode: |ECDSA-256
Public Key: Load

Previous HNext.

Figure 8.65. External Memory Step 2 of 4: Select Options

b. No changes needed in User Data Files section.
c. Under Multiple Boot tab.

Select the Multiple Boot Option.
Select Number of Alternate Patterns as 1.

Under the Golden Pattern, browse and select the Golden pattern bitstream file. The Starting Address of
Golden Pattern is automatically assigned. You can change it by clicking on the drop-down menu.

Under Alternate Pattern 1 field, click on the browse button and select the golden soc gsrd’s bitstream. The
Starting Address of this pattern is automatically assigned. You can change it by clicking on the drop-down
menu. This is the pattern loaded during an event of next PROGRAMN/REFRESH or soft reset.

Click Next.
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m Radiant Deployment Tool- projectd.ddt®
File Edit Help

O EH e Q2 W

External Memory: Advanced SPI Flash

Step 2 of 4: Advanced SPI Flash Options
Opticns User Data Files Multiple Boot
Multiple Boot
Golden Pattern: C:{CertusPro-NX-GSRD2.0/soc_golden_gsrdfimpl_1/soc_golden_gsrd_impl 1.

Starting Address: Dol S0000 L

[ protect Golden Sector

Mumber of Alternate Pattzrns: i L
Alternate Pattern 1: CzfCertusPro-Nx-GSRO2.0/soc_primary_gsrdfimpl_1/soc_primary_ ™
Starting Address: DacDDEDD000 b
Next Alternate Pattern to Configure: Primary Pattern ot

Alternate Pattern 2:

Starting Address:

Next Alternate Pattern to Configure: Primary Pattern

Alternate Pattern 3z

Starting Address:

Figure 8.66. External Memory Step 2 of 4: Multi-Boot

Previous

MNext

8. In Step 3 of 4: Select the Output File(s) as shown in Figure. Choose the location on your machine to generate an

.mcs file.
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B Radiant Deployment Tool- projectD.ddt - O >
File Edit Help

AR H EEEDEDE L E

External Memory: Advanced SPI Flash

Stap 2 of 4: Salact Output Fila(s)

Output Filel: C:fCertusPro-MNX-GSRD2.0/soc_primary_gsrd/multiboot_system.mes -

Previous Mest

Figure 8.67. External Memory Step 3 of 4: Select Output File(s)

9. Click Next.
10. In Step 4 of 4: Generate Deployment, click Generate at the bottom right corner as shown in Figure 8.68.
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B Radiant Deployment Tool- project0.ddt* — O X
File Edit Help

A rH RS DRDE D E £ B

External Memory: Advanced SPI Flash

Step 4 of 4: Generate Deployment

View File

Deployment Tool Summary ~

Input File: C:/CertuaPro-NE-GSRD2. D.I"sn:_p:i.maz :-,r_q::d.l"i.mpl_l.l":u:_p:ima: y_gazd impl l.bit

Options:

Cutput Format: Intel Hex

SPI Flash Sise [Mb}: 512

SFI Flash Read Mode: Quad If0 3PI Flash Bead

Eyte Wide Bit Mirror: QEE

RBetain Bitstream Header: Off

Optimize Memory Space: [+5 33

Multiple Boot: QEE L
< >

ORI VTR
"C: flscc/ radiant2024. 1 prog rammerbin/nte4/ ddtcmd” -oft -advanced -dev "LFCPNX-100" -if "C:fCertusPro-NX-GSRD2.0/ "
soc_primary_gsrd/impl_1/soc_primary_gsrd_impl_1.bit" -format int -flashsize 513 -quad 1 -golden "C:/CertusPro-MX-GSRDZ.0f
soc_golden_gsrdfimpl_1/soc_golden_gsrd_impl_1.bit" -goldenadd 000250000 -multi 1 -zlifie "C:/CertusPro-Nx-GSRD2.0/
soc_primary_gsrd/impl_1/scc_primary_gsrd_impl_1.b#" -2ddress 0xDDE0O000 -nesxt prim -of "C:/CertusPro-NX-GSRDZ.0/
soc_primary_gsrd/multiboot_system.mes”

W
T T TS T e A v S IR g [T [ T I S I O OO0 S ~
Successfully generate file(s)
Ci\CertusPro-Nx-GSRO2.0\soc_primary_gsrd\impl_1\scc_primary_gsrd_impl_1_sherd_tmp.bit
Format: Intel Hex
Output File: C:fCartusPro-NX-GSRO2.0/soc_primary_gsrd/multiboot_system.mes
Sector 0DDEDO000: C:\CartusPro- NX-GSRD2.0\soc_primary_gsrdlimpl_1\soc_primary_gsrd_impl_1_slterd_tmp.bit.
Start generation.
Generating Intel Hex PROM Filz.....
Successfully generats files)
C:\CertusPro-NX-GSRD2.0\soc_primary_gsrdmultiboot_system.mcs
Lattice Radiant Deployment Tool has exited successfulby, W
Previous Generate

Figure 8.68. External Memory Step 4 of 4: General Development

11. Check for the following output as shown in Figure 8.69.

Lattice Radiant Deployment Tool has exited successfully.

Figure 8.69. MCS File Generated Successfully

12. The generated final .mcs file is now ready to be programmed into the external flash using the Radiant Programmer.

13. Close the Deployment Tool window.
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This section describes the customization that can be applied to IP in the reference design. The hardware related
modifications are made using Propel Builder, since it is the main design entry tool. The software related modifications

are made using Propel SDK.

The following demonstrates this using an example of QSPI Flash Controller IP.

9.1.

Changing QSPI Flash Controller User Interface Parameters

The QSPI Flash Controller IP parameters are set according to the SPI Flash chips available on CertusPro-NX board. You

can change the IP parameters to suit the board and Flash chip in your project.

To modify the IP parameters:

1. In Propel Builder, double-click on the qspi0_inst block.

: > SPI1_CSS[0:0]

O SPI_MOSI

O SPI_MISO

O SP1_D2

O SPI D3

qspi0_inst

~ B

S
INTI T
ss_n_o[0:0]
— 14 qgspi_io0
a_clk_i gspi_iol
a_reset n_i qspi_io2
qspi_io3
sclk_o
. S

Figure 9.1. IP Block

D SPI_CLK

2. Inthe Module/IP Block Wizard, make the desired changes to the parameters that suits your board and Flash chip.
For example, you’d like to change any or all.
e Data Endianness from Big Endian to Little Endian and
e  System Clock Frequency from 100 to 200

“ Module/IP Block Wizard

Configure Component from IP qspi_flash_controller Version 1.2.0

Set the following parameters to configure this component,

Diagram qspld

qspi0
INTRIH

qgspi_io0

gspi_iol

HHaxia

—a_ck i gspi_io2

a reset_n_i gspi_io3
sclk_o

ss_n_o[0:0]

gspi_flash_controller

Configure 1P

Proparty

~ Interface Settings

Main Interface

AXI4 1D Width [0 - 32]
Data Endianness
~ 10 Primitive
Enable 10 Buffer
~ SPI Configuration and Transfer Settings
Supported Protacol
Number of SP Target [1- 32]
SPI Clock Polarity
SPI Clock Phase

Chip Select High Time (ns)

~ Clock Frequency Settings
System Clock Frequency (MHz) [1 - 200]

SP| Clock Frequency Divider

v Transmit FIFO Configuration
Enable Transmit FIFO

~ Receive FIFO Configuration
Enable Receive FIFO

~ Flash Address Mapping

Figure 9.2. Customize IP

3. Click Generate to make sure RTL is updated as per the customization and must generate without an error.
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4. You can see the below message in the TCL Console as shown in Figure 9.3. Ensure that there are no errors.

% sbp_config_ip -vinv {latticesemi.com:ip:gs
200,data_endianness:Little-endian, enable_io_j
% sbp_replace -vlnv {latticesemi.com:ip:gspl

tive:true, interface:AXI4, supported_protocol:Quad}
.0} -name {qspi0_inst} -component {soc_golden_system/gspi0_inst)

Figure 9.3. TCL Console Output After Desired Customization

5. Click the Validate button as shown in Figure 9.4. Ensure that there are no errors.

Fle Edt View Design Toobh Window Help
o- @ B s BRI S 3 e S Qaaaa B
Design View - Schematic AL e Qe f-
Figure 9.4. Validate Design Again if Any IP is Updated

6. Click the Generate button as shown in Figure 9.5. Ensure that there are no errors.

File Edt View Design Tooks Window Help
¢-@ B S MEAT x & @ e c Qaaa
Design View - o Vet Generste R

Figure 9.5. Generate Again if any IP is Updated

7. Once validated and generated, it updates the sys_env.xml file in the sge folder under the project directory as
shown in Figure 9.6.

golden_gsrd * soc_golden_system » sge

P
Mame

bsp

soc_svd
.| cpulyaml
2‘.5' sys_env.xml

Figure 9.6. New sys_env.xml File Generated

8. If your IP is software driver dependent, the C projects must also be updated.
9. Inyour project under Propel SDK window, go to Project > Update Lattice C/C++ Project.

; golden_gsrd - Lattice Propel
File Edit Navigate Search Project Run LatticeTools Window Heip

- o 20 % - | B~
t Debug ', Project Ex % Close Project I
w Build ANl Curl+8
¥ c_golden_app Build Project
«* ¢_goiden_bootloader Build Working Set
«® soc_golden_system Clean..

Build Automatically

Create Lattice Application Template |
C/C++ Index 4 ;
Properties \

Figure 9.7. Update Lattice C/C++ Project
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10. It opens the dialog box as shown in Figure 9.8.

£ C/C++ Project - O x

Update System and BSP

Select system environment file and BSP package

Current System env: | _v1/golden_gsrd/c_golden_bootloaker/src/sys_env.xml

New System env: | Directory is not correct! Browse...

[[] Re-generate toolchain parameters and linker script
[[]Update BSP package

Update Cancel
Figure 9.8. Update System Dialog Window

11. Click Browse and select the sys_env.xml file generated as shown in Figure 9.8.

(| Re-generate toolchain parameters and linker script
[JUpdate BSP package

Update BSP Driver Information

Driver Name Current IP Version (Driver Version) New IP Version (Driver Version)

240 (231 24023

200

120

5

gpio 162 (1.6.2 162 (1.62)
uart 130 130
sgdma 201 (100 20.1(1.00
tse_mac 1.6.00 1.600
Update Cancel

Figure 9.9. New IP version Details

12. Select Re-generate toolchain parameters and linker script and Update BSP Package and click Update to reflect the

latest configurations.
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£33 C/C++ Project = m] X

Update System and BSP

Select system environment file and BSP package

Current System env: | _v1/golden_gsrd/c_golden_bootloader/src/sys_envxmli

New System env: C:/Users/SKothari/Downloads/GSRD_CPNX_2p0/Final/Lattice-CPNX-GSRD2.0-2024. Browse...

Re-generate toolchain parameters and linker script

Update BSP package
Update BSP Driver Information

Driver Name Current IP Version (Driver Version) New IP Version (Driver Version)
riscv_rtos 240(3.1) 240 (23.1)
i2c_controller 200 200
qspi_flash_controller 120 120

gpio 1.6.2(1.6.2) 16.2(1.6.2)

uart 130 130

sgdma 2.0.1(1.00) 2.0.1 (1.00)

tse_mac 1.6.00 1600

Update Cancel

Figure 9.10. Generate BSP and Toolchain Parameters
13. Click Yes as shown in Figure 9.11 and the update window closes.

Confirm

This feature overwrites the corresponding files or settings of your
existing C/C++ project. Be sure to back up your C/C+ + project before
using this feature. Do you want to continue?

e w

Figure 9.11. Confirm the Changes

14. Confirm that the BSP package was updated successfully. You can check it by reviewing the following:
e sys_platform.h file to review the updated parameter change.

#define QSPI@_INST_SYSTEM _CLOCK_FREQUENCY 2@
#define QSPIB_INST_DATA_ENDIANMNESS Little-endian

Figure 9.12. Confirm the Configuration Changes in sys_platform.h

15. Clean and Build the Project.

16. If you hit any errors, it could be one of the following reasons:
e  Driver files has been updated.
e Addresses in your C project might have changed.

17. Do the same XML updates for c_golden_app FreeRTOS project too.
18. Clean and Re-Build the Project.

19. Once new .mem file and binaries are created, follow the steps in the Validating and Generating the GSRD Design

using Propel Builder section. Validating and Generating the GSRD design using Propel Builder.
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10. Compiling U-Boot Bootloader

The U-Boot Bootloader is an open-source bootloader that provides support for hardware initialization before booting
to OSes.

This initializes CPU, LPDDR, and peripherals and can be used in replace of the custom bootloader.

This section describes the process of compiling the U-Boot bootloader for GSRD/GHRD Reference Design instead of
using custom bootloader. Compilation is required to generate the necessary binary files from the source files. The
compilation process involves the following setup to generate First-Stage Bootloader (SPL) and U-Boot Proper (SSBL)
software executable files.

e Lattice Propel for Linux

e Lattice Radiant

e Linux Machine with Ubuntu setup (Ubuntu 22.04.4 LTS)

e Windows Machine for OpenOCD and GDB

e  Git Access to the Lattice’s U-Boot repository

10.1. Setup Ubuntu Machine and Git Access

To set up the Ubuntu machine and Git access, perform the following:

1. Install Ubuntu OS from the official website with the Long-Term support.
e Tested version is Ubuntu 22.04.4 LTS.

2. To setup git, please follow the steps below:

a. Generate ssh key pairs and attach to the github ssh-keygen. This creates a new SSH key, using the provided
email as a label.
$ ssh-keygen -t rsa -b 4096 -C "<email addr>"

3. Generating public/private ALGORITHM key pair.
a. Enter afile in which to save the key (/home/YOU/.ssh/id_ALGORITHM):[Press enter].
b. Enter passphrase (empty for no passphrase): [Type a passphrase].
c. Enter same passphrase again: [Type passphrase again].

4. Run the ssh-agent:
$ exec ssh-agent bash

5. Add your SSH private key to the ssh-agent. If the key is created with a different name or adding an existing key that
has a different name, replace id_rsa in the command with the name of the private key file.
$ ssh-add ~/.ssh/id_rsa

6. Add the SSH public key to your account on GitHub. For more information, go to Adding a new SSH key to your
GitHub account in the GitHub website.
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A Ppublic profile SSH keys |

8 Account

& Appearance This is a list of SSH keys associated with your account. Remove any keys that you do not recognize.

& Accessibility Authentication keys
L Notifications ext Isc
p SHA256: Fnps/ twtILQHIZulkewaq7nsYbocd141qDkdNBIHEdS —
Access SSH Added on May 21, 2024
) Last used within the last 3 months — Read/write
B Billing and plans v
B Emails 07 .
pc_10.7.104171
@ Password and authentication p SHA256: X4d 1DDOUV+XqKndBpcpy JS25uk321rBnksusIkIIBYS Dalet
elete
() Sessions SSH Added on Man 24,2024 )
I Last used within the last 3 weeks — Read/write
£ SSH and GPG keys I
Organizations pc 10.7.104.178
@ Enterprises P SHA256: YVuUQE6VCaqlKMHI+0S 11901 16+FHWI2SY 3WBY1YhG Detete

Added on Jun 12, 2024
Last used within the last 3 months — Read/write

[ Moderation ~ =5

Code, planning, and automation

Figure 10.1. Add SSH keys into Github

7. Proceed to git clone the repository by running the script below.
$ git clone <github_link> -b lattice_v2024.04

The branch name is the current released branch in the release note: lattice_v2024.04.

The github link can be obtained in the Lattice U-Boot’s repository page.
io to file t Add file ~ <> Code ~
Local Codespaces

B3 Clone ®

HTTPS SSH  GitHub CLI

git@github.com:Lattice-Semiconductor-Applicatic @

Use a password-protected SSH key.

G Open with GitHub Desktop

m Download ZIP

Figure 10.2. Copy U-Boot Link for Cloning

For example:
The authenticity of host 'github.com (140.82.116.3)' can't be established.
ECDSA key fingerprint is SHA256:p2QAMXNIC1TJYWelOttrVc98/R1BUFWu3/LiyKgufQM.
Are you sure you want to continue connecting (yes/no/[fingerprint])? yes
8. Check the U-Boot repository is cloned to the local directory.
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10.2. Building the U-Boot Bootloader

To build the U-Boot Bootloader, perform the following:

1. For first-time setup, install the following on the Ubuntu Machine (required sudo access)
$ sudo apt install bison flex python3-setuptools python3-pip swig
$ sudo apt-get install libncurses-dev

2. Install libssl-dev if there is openssl error:
$ sudo apt-get install libssl-dev
Install Lattice Propel for Linux.

Set the environment, refer to the propel installation path:

$ export PATH=$PATH:<path_to_propel>/lscc/propel/2024.1/sdk/riscv-none-embed-gcc/bin
$ export CROSS_COMPILE="riscv-none-embed-"

$ export ARCH=riscv

5. Clean build U-Boot:
$ make mrproper && make lattice riscv_defconfig

6. Build u-boot:
$ make -j8

7. Once successfully build, spl/u-boot-spl-dtb.bin and u-boot.bin are generated.

pc@pc-desktop:~/kj/u-boot-rebase/u-boot$ 1s u-boot u-boot.bin spl/u-boot-spl spl/u-boot-spl.bin

spl/u-boot-spl spl/u-boot-spl.bin u-boot u-boot.bin

Figure 10.3. U-Boot Binaries and Symbols Generated
8. Check the u-boot symbol file to cross-check if it is cross-compiled correctly using RISC-V compiler:

pc@pc-desktop:~/kj/u-boot-rebase/u-boot$ |reade -h u-boo
ELF Header:
Magic: 7f 45 4c 46 01 01 01 00 OGO OO 00 OO GO OO0 0O 0O
Class: ELF32
Data: 2's complement, little endian
Version: 1 (current)
0S/ABI: UNIX - System V
ABI Version: 0

Type: EXEC (Executable file)
Machine: RISC-V
Version: OX

Entry point address: 0x80100000

Start of program headers: 52 (bytes into file)

Start of section headers: 4424324 (bytes into file)

Flags: 0x1, RVC, soft-float ABI

Size of this header: 52 (bytes)

Size of program headers: 32 (bytes)

Number of program headers: 3

Size of section headers: (bytes)

Number of section headers: 27

Section header string table 1index: 26
pc@pc-desktop:~/kj/u-boot-rebase/u-boot$ readelf -h u-boot.bin

Figure 10.4. Check if U-Boot Binary Cross-Compiled Correctly
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10.3. QSPI Configuration for U-Boot

To configure QSPI for U-Boot, perform the following:

1. For QSPI Configuration, select Winbond or Macronix using menuconfig (Default set to Winbond):
$ make menuconfig

2. Press ‘)’ to search for CONFIG.

Search Configuration Paramete
h

rameter
Enter (sub)string or regexp to search for (with or without "CONFIG_ ™)

1

< Help >

Figure 10.5. Menuconfig — Search for QSPI CONFIG

3. Type in the CONFIG name, CONFIG_SPI_FLASH_MACRONIX or CONFIG_SPI_FLASH_WINBOND > OK
4. Press space and select Winbond QSPI (Default).

SPI Flash Core Interface support 1
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----).
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes
features. Press <Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] built-in [ ]
excluded <M> module < > module capable

* Unlock the entire SPI flash on u-boot startup

Atmel SPI flash support

EON SPI flash support

GigaDevice SPI flash support
ISSI SPI flash support

Macronix SPI flash support
S1ilicon Kaiser SPI flash support
Spansion SPI flash support
STMicro SPI flash support

SST SPI flash support
B \inbond SPi - flash support
¥MC SPI flash support
XTX SPI flash support
7/BIT SPI flash support
Use small 4096 B erase sectors
AT45xxx DataFlash support
SPI Flash MTD support
SPI flash MTD support for SPL

[ S S Y T VU VU PR TR TR}

*

A R P e e e e e e

*
[ Y Y YRy

< Exit > < Help > < Save > < Load >

Figure 10.6. Menuconfig — Press Space to select Winbond QSPI

You can also press space and select Macronix QSPI > Press Space > Unselect Winbond.
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SPI Flash Core Interface support 1
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----).
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes
features. Press <Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] built-in [ ]
excluded <M> module < > module capable

1 Unlock the entire SPI flash on u-boot startup
] Atmel SPI flash support

] EON SPI flash support

] GigaDevice SPI flash support

]
1

1  Silicon Kaiser SPI flash support
1 Spansion SPI flash support

1 STMicro SPI flash support

] 55T SPI flash support

] vinbond SPI flash support

]  xMC SPI flash support

1 XTX SPI flash support

]  ZBIT SPI flash support

1 UUse small 4096 B erase sectors
]  AT45xxx DataFlash support

] SPI Flash MTD support

1 SPI flash MTD support for SPL

< Exit > <Help> <Save> < Load >

Figure 10.7. Menuconfig - Select Macronix QSPI

5. Select Save > Ok > Exit to save the .config file:

Enter a filename to which this configuration
should be saved as an alternate. Leave blank to
abort.

.config

< Help >

Figure 10.8. Menuconfig - Save > Ok > Exit to save the .config file

6. Once you have exited from the Menuconfig, re-build the U-Boot:
$ make -j8

10.4. Basic Boot-Up Flow with U-Boot Bootloader
Figure 10.9 shows the boot-up flow for U-Boot.
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System Memory QSPI Flash DDR

u-boot-spl.bin

0x0 0x21A0000 0x28A0000 0x80000000 0x80100000

0x0 - Reset Vector

e U-Boot SPL is run upon power up/loaded through OpenOCD.

e  SPL copy U-Boot Proper from flash address 0x21A0000 to DDR address 0x80100000 and jump to 0x80100000.

e U-Boot Proper copy FreeRTOS application from flash address 0x28A0000 to DDR address 0x80000000 and jump to
0x80000000.

There are two methods to boot-up with U-Boot bootloader:

e  Build SPL with the bitstream (refer to Running U-Boot Bootloader with SPL Built into Bitstream (First Method)
section)

e Load SPL using OpenOCD (refer to Running U-Boot Bootloader with OpenOCD (Second Method) section)

Figure 10.9. Boot-up Flow for U-Boot

10.5. Programming U-Boot Bootloader
To program the U-Boot Bootloader, perform the following:

1. Before booting with U-Boot bootloader, you need to first program the U-Boot second-stage bootloader and
FreeRTOS to the QSPI flash.

2. Configure the TCK Divider settings to 4.
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Cable Setup g X
Cable Settings
: Detect Cable A
Cable: ' HW-USBN-28 (FTDI) V|
Port: | FTUSB-0 v

Custom port:

Programming Speed Settings
") Use default Clock Divider
i®) Use custom Clock Divider

TCK Divider Setting (0-30x):

Figure 10.10. Set TCK Divider Settings to 4 for Flash Programming

3. Program u-boot.bin to the address 0x21a0000.

B3 LFCPNX - LFCPNX-100 - Device Properties ? X
General Device Information

Device Operation

Target Memory: E:m:mal SPI Flash Memory (SPI FLASH) vi
Port Interface: [3mAG25P1 v
Access Mode: Dmad Programming V:
Operation: Erase,Program,Verify v
Programming Options

Programming file: burprocumtsp‘uhoul;fubnnt_Zﬂz‘I_Ol_rq'u—bont.hin | | 03703

SPI Flash Options

Family: |51 Serial Flash v

Vendor: | WinBond V:

Device: |wasgs121v v

Package: | 16-pin SOIC ~|

SP1 Programming - I
Data file size (Bytes): [457118 | | Load from File |
Start address (Hex): | 0x021A0000 V:
End address (Hex): | ex02200000 |

] Tumn off addresses auto updating
|:| Erase SPI part on programming error

Secure SP] flash golden pattern sectors

e

Figure 10.11. U-Boot SSBL — Winbond QSPI Programming
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B3 LFCPNX - LFCPNX-100 - Device Properties ? >

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH)
Port Interface: ITAG25P1 b
Access Mode: Direct Programming '
Qperation: Erase,Program,Verify b4
Programming Options
Programming file: b:urpf[}ucumerrts,n’uhuutfuhnut_executables,n’u—huut.hin wa| |D1AGC
SFI Flash Options
Family: SPI Serial Flash A
Vendor: Macronix b
Device: MX25L51245G A"
Package: 8-land WS0N b

5PI Programming

Data file size (Bytes): 457094 Load from File
Start address (Hex): Ox021A0000 b
End address (Hex): 002200000 R

[] Turn off addresses auto updating
|:| Erase SPI part on programming error

[] secure SPI flash golden pattern sectors

Cancel

Figure 10.12. U-Boot SSBL - Macronix QSPI Programming

4. Program c_primary_appcrc.bin (FreeRTOS image) to the 0x28a0000 address.
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E3 LFCPNX - LFCPNX-100 - Device Properties 7 >

General Device Information

Device Cperation

Target Memory: | External SPI Flash Memory (SPI FLASH) V|
Port Interface: | ITAG25PI v
Access Mode: | Direct Programming A |
Operation: | Erase,Program,Verify e |

Programming Options

Programming file: ‘!ﬂlzﬁr.lflfcprm_gsrd_exemlahlesfcjrimar'_.r_appu'c.hin " | | D401

SPI Flash Options

Family: | 5PI Serial Flash v |
Vendor:  WinBond v |
Device: | W25Q5123V v |
Package: | 16-pin 50IC v |

5PI Programming

Data file size (Bytes): 262144 | | Load from File |
Start address (Hex): | 0x02BADO0D v |
End address (Hex): |MZBD'[HIH]ID V|

[] Turn off addresses auto updating
|:| Erase SPI part on programming error

secure 5PI flash golden pattern sactors

[ ok || cancel

Figure 10.13. Primary_AppCrc — Winbond QSPI Programming
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E3 LFCPMX - LFCPNX-100 - Device Properties ? bt

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH)
Port Interface: JTAG25PI e
Access Mode: Direct Programming R
Operation: Erase,Program,Verify R

Programming Options

Programming file: btables,lrIFcpnx_gsrd_executables,’c_primar','_appcrc.hin | | 0xC401

SPI Flash Options

Family: SPI Serial Flash hs
Vendor: Macronix ~
Device: MX25L51245G b
Package: 8-land WSON '
SPI Programming
Data file size (Bytes): 262144 Load from File
Start address (Hex): 0x028A0000 ~
End address (Hex): 0x028D0000 ~

[] Turn off addresses auto updating
|:| Erase SPI part on programming error

[] secure 5PI flash golden pattem sectors

Cancel

Figure 10.14. Primary_AppCrc — Macronix QSPI Programming

10.6. Running U-Boot Bootloader with SPL Built into Bitstream (First Method)
To run the U-Boot Bootloader with SPL, perform the following:
1. Build SPL with the bitstream.

2. Create u-boot-spl. mem in Ubuntu Machine:
$ srec_cat "u-boot-spl.bin" -Binary -byte-swap 4 -DISable Header -Output "u-boot-
spl.mem" -MEM 32

3. Go to Propel Builder > Generate > Radiant Build to replace hex in the sysmem.
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- Module/IP Block Wizard

Configure Component from Modul
to

Set the following

Diagram sysmem0

le system_memory Version 2.2.0
fi this

1

sysmemO

Configure 1P
= General Port SO Settings Port S1 Settings
Property Value

TGemerat
Interface AXia
Memory Address Depth [1 - 106496] 32768
Data Bus Width(bits) 32
Memory Type EBR
Port Count 1
ECC Enable
AXI4 ID Width L3

Enable Data Streamer

—axi_resetn_i

-

—[HAXI_so

—axi_aclk_i

Initialize Memory
Initialization File Format hex
| Initialization File St J./uboot/u-boot-spl.mem |

system_memory

Document

No DRC issues are found.

Generate Cancel

Figure 10.15. Configure sysmem with u-boot-spl.mem

4. Select Design > Validate and Design > Generate.

File

Edit View Design

3@ A 9

Tel Con
INFOC
INFO
INFO
INFO
INFO
INFOC
INFO
INFO
INFO
INFO
INFOC
INFO
INFO
INFO
INFO
INFOC
%

nsole
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357031>
<2357033>
<2357033>
<2358137=>

Tools

&
A

Window Help

2 Q|

Figure 10.16. Validate and Generate the Design

- Dangling
— Dangling
- Dangling
- Dangling
- Dangling
- Dangling
— Dangling
- Dangling
- Dangling
- Dangling
- Dangling
— Dangling
- Dangling
- Dangling
- Dangling

— Finished:

input
input
input
input
input
input
input
input
input
input
input
input
input
input
input

Port
Port
Port
Port
Portc
Port
Port
Port
Port
Portc
Port
Port
Fort

"ARUSER' is set to default valus '0' on bus 'AXI 501" in component
"AWUSER' is set to default value '0' on bus 'RXI 501" in component

ROBERE QQQ

'"axi4 interconnectl inst'.
"axi4_interconnectd_inst'.

'WUSER' is set to default value '0' on bus 'AXI_S01' in component 'axid4_interconnectO_inst'.

'ARUSER' is set to default value '0' on bus 'ANI S00' in component
'AWUSER' is set to default value '0' on bus 'AXI S00' in component

'"axi4 interconnectZ inst'.
'axi4 interconnect2 inst'.

'"WUSER' is set to default valus '0' on bus 'AXI 500" in component 'axi4 interconnectZ inst'.

"RRUSER' is set to default value '0' on bus 'RXI 501" in component
'AWUSER' 1s set to default value '0' on bus 'AXI SO01' in component

'axi4_interconnectZ_inst'.
'axi4_interconnectZ_inst'.

'WUSER' is set to default value '0' on bus 'AXI S501' in component 'axi4 interconnect2 inst'.
'BUSER' is set to default wvalus '0' on bus 'AXI4 M' in component 'axid4 regsliced inst'.
"RUSER' is set to default valus '0' on bus 'AXI4 M' in component 'axi4 regslice0_inst'.
"BUSER' is set to default value '0' on bus 'AXI MOO' in component 'mpmc0_instc'.

"RUSER' 1is set to default value '0' on bus 'RXT MOO' in component ‘mpmcO_inst'.

Portbus 'TDEST' is set to default value '4'h0' on bus 'AXI45 RX' in component 'sgdmad inst'.
Portbus 'TID' is set to default valus '4'h0' on bus 'AXI45 RX' in component 'sgdmal_inst'.
sbp_design drc.

Figure 10.17. Design > Validate the Design

Q =
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Figure 10.18. Design > Generate the Design

5. Open Radiant > Build.
File Edit View Design Tools Window Help
v B <\“. B a & e 8, ?
Figure 10.19. Open Radiant and Trigger build

6. Once Radiant build is done, program the bitstream to SRAM.

= LATTICE

QQQQQ =

B3 LFCPNX - LFCPNX-100 - Device Properties ? >
General Device Information
Device Operation
Target Memory: Static Random Access Memory (SRAM)
Port Interface: ITAG ~
Access Mode: Direct Programming A
Operation: Fast Configuration s

Programming Options

7.

Programming file: b‘}.lf|f|:|:|nx_gsrd_executahles,l’soc;u‘imar}'_system.hitll | |0x27F6

[] passward Protection Options (Provide key file if password protection enabled)

Cancel

Figure 10.20. Program the Bitstream with SPL Built-In

Open the terminal and U-Boot is booted on the UART terminal.

Figure 10.21. U-Boot Booted-up on UART Terminal
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8. Once U-Boot is up, load primary_appcrc.bin from QSPI and jump to FreeRTOS:
$ mtd list
$ mtd read lattice_gspi ©x80000000 0x2820000 0x40000
$ go Ox80000000 0x40000

Figure 10.22. FreeRTOS is Booted-Up on UART Terminal

10.7. Running U-Boot Bootloader with OpenOCD (Second Method)

To run the U-Boot Bootloader with OpenOCD, perform the following:

1. Open the command prompt in Windows and run cd <openOCD directory>.
For example:

cd C:\lscc\propel\2024.1\sdk\openocd\bin.

Command Prompt - O X

ws [Versic : .4894]
(c) Microsoft Corporation. All rights reserved.

:\Users\kjlee>cd C:\1lscc\propel\2024.1\sdk\openocd\bin

C:\1scc\propel\2024.1\sdk\openocd\bin>

Figure 10.23. OpenOCD Directory
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Create cpnx.cfg inside the directory:

reset init

# uncomment below for uboot ssbl

# mww Ox40007004 0x3

sleep 8

load_image u-boot-spl.bin @x@ bin

# uncomment below for uboot ssbl

# load_image u-boot.bin 0x80100000 bin

Copy the u-boot binary to the local user directory, you need the following uboot binaries:
- u-boot

- u-boot.bin

- u-boot-spl

- u-boot-spl.bin

10/01/2024

10/01/2024 - o

09/20/2024 : V 135 cpnx.cfg
10/12/2023 - 207 cpu@.yaml
08/06/2019 : v 723,869 libusb-1.0.dl11
08/06/2019 - v 80,384 libusb@.dll

08/06/2019 - v 540,534 libyaml-0-2.dl11
03/07/2024 - 3,713,024 openocd.exe
05/28/2024 - 229 openocd.txt
P9/27/2024 . 4,422,812 u-boot
9/27/2024 - 1,268,048 u-boot-spl
P9/27/2024 : 48,734 u-boot-spl.bin
P9/27/2024 - 457,108 u-boot.bin

Figure 10.24. Copy the U-Boot Binaries to the OpenOCD Directory

Flash the primary bitstream (either bitstream with SPL or custom bootloader) using Radiant programmer to the
board first, to boot up with GSRD designs.
Once board is booted, run this in cmd prompt:

$ openocd.exe -c "set target 0" -c "set tck 5" -c "set port FTUSB-0" -c "set channel
14" -c "set cmdlength 0" -c "set loc ©" -f interface/lattice-cable.cfg -c "set
RISCV_SMALL_YAML {cpu@.yaml}" -f target/riscv-small.cfg -f <local_path>/cpnx.cfg

Wait until the TCL and telnet connection is up.
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B Command Prompt - openccd.exe -c "set target 0" -c “set tck 5° -c “set port FTUSB-0" -c "set channel 147 -c "set cmdlength 0" -c “set loc 0" -f interface... - a X

option; aut

was already selected

h: Please instantiate the QApplication obj

d: ex10001fff (mfg: @x7ff (<

: Ox10001fff (mfg: ex7ff (<

Figure 10.25. OpenOCD is Connected

Open another cmd prompt, go to gdb path (for example, C:\Iscc\propel\2024.1\sdk\riscv-none-embed-gcc\bin).
Create the spl.gdb and uboot.gdb scripts.

spl.gdb Script

set remotetimeout 100

set arch riscv:rv32

set mem inaccessible-by-default off
set can-use-hw-watchpoints @

tar rem :3333

symbol-file u-boot-spl

set $pc=0x0

uboot.gdb Script

set remotetimeout 100

set arch riscv:rv32

set mem inaccessible-by-default off

set can-use-hw-watchpoints ©

tar rem :3333

symbol-file u-boot

set $pc=0x80100000

Once TCL and telnet is connected, go to gdb path (for example, C:\Iscc\propel\2024.1\sdk\riscv-none-embed-
gcc\bin), run the script below:

$ riscv-none-embed-gdb.exe

# To load spl first, run source spl.gdb

# To load U-Boot, run source uboot.gdb. Change the cpnx.cfg accordingly in step 2
$ source uboot.gdb <- wait for _start() func to show, run 2 times

$ continue
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E¥ Command Prompt - riscv-none-embed-gdb.exe - [m] X

s online at:

Figure 10.26. GDB is Started

9. Once this is working, you should be able to see below:

Figure 10.27. U-Boot Booted-Up on UART Terminal

10. Once U-Boot is up, load primary_appcrc.bin from QSPI and jump to FreeRTOS:
$ mtd list
$ mtd read lattice gspi ©x80000000 0x2820000 0Ox40000
$ g0 Ox80000000 0x40000
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Figure 10.28. FreeRTOS is Booted-Up on UART Terminal
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Technical Support Assistance

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

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

Revision 1.1, December 2025
Section Change Summary

All Changed document title from Golden System Reference Design and Demo User Guide for
CertusPro-NX Devices to Golden System Reference Design and Demo User Guide v2.0 for
CertusPro-NX Devices.

Introduction e Added the following notes in the Overview of the System section.

e The SGMIl interface using LVDS I/0O has limitations when operating across the full
specified temperature range. Lattice recommends using alternative interfaces, such
as SERDES or RGMII, for designs requiring Gigabit Ethernet. Refer to the Knowledge
Database article for details. Contact your local Lattice sales representative for more
information.

e The Golden System Reference Design and Demonstration for CertusPro-NX version
3.0is available in the GHRD/GSRD Reference Design and GHRD/GSRD
Demonstration web pages. Refer to this reference design and demonstration for the
SGMll interface that is implemented using SERDES.

e  Removed Licensing and Ordering Information section.

Revision 1.0, October 2024
Section Change Summary

All Initial preliminary release.
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