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17-98. BARL Register Field DeSCrIPtIONS. ... .uei e eiiaiatesiaateessaans e ssaaas s s saaans e ssannessaannsssaannnessannnnnsnn 1674
17-99. BAR1 Register Field DeSCriptiONS. ... e et isssssisistessiatsessasrsssaaassssaisssssannssasasssstsannsssannsesins 1675
17-100. BUSNUM Register Field DeSCriPtiONS. . .uuuueeistiiteiiseiaesrississssisssaasssnsssanessnsssassssnnssannssns 1675
17-101. SECSTAT Register Field DeSCrPtONS .. uuttsttruseraterseiasessiserassissssnsrsrre s 1676
17-102. MEMSPACE Register Field DeSCrPtIONS .. uueeiisseesiiissesiiissesiiisssssassrsssaannssssinnnsssainssssanness 1677
17-103. PREFETCH_MEM Register Field DeSCrPLONS .. .uuiiutireeiiiriseiitininsiansisisssasnssnsssinssansssansaanes 1677
17-104. PREFETCH_BASE Field DESCHPIONS . .uututiutisetisiserasssisssssassassassassssansassanssaesansnnsnns 1678
17-105. PREFETCH_LIMIT Register Field DeSCrPIONS . ..ueiiiiueeeiiiieeiiiinesisisssssannrssisanssssannnsssainnes 1678
17-106. IOSPACE Register Field DeSCrPONS .. .uuiiutiieeiiteieiie st ss s sras e sse s raae s sanees 1678
17-107. CAP_PTR Register Field DeSCIPIONS ... ueeeiiiitesiiateetsaaaaessaaanasssasressaannssssaannessannnesaaannness 1679
17-108. EXPNSN_ROM Register Field DeSCIPUONS «uuuuuuttiriiersiriinnssssisnesisnssesiannsssssanssssannnsssainnns 1679
17-109. BRIDGE_INT Register Field DeSCIIPtONS «vuuuiiueeiiteiteiiesniesiiasisisssiasssss s ssns s sssssanrsanss 1680
17-110. PCle Capability REGISIErS. ... uueeiieeetiiatestaante s saaateessaantessaansessaaanssssannsssaannessaannnessannsessnn 1681
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17-112. DEVICE_CAP Register Field DeSCrPLiONS «.uuuiutireeiitinieeiisissssissrss s ssiessasssssssinssanssnns 1682
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17-114. LINK_CAP Register Field DeSCIPLIONS t.uuuuetisiueesiisnssssanssessanssnsisansssssaasnssssannssssainnssssinnes 1684
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17-116. SLOT_CAP Register Field DeSCriPtONS ..uuvueeiiutiiseiiseisie it sasssasssansssns 1686
17-117. SLOT_STAT_CTRL Register Field DeSCrPONS . .uuuiiiueeiiiiiaesisiinesiiissssssainsssiansnsssannnessainnes 1687
17-118. ROOT_CTRL_CAP Register Field DeSCrPtiONS ..uuiuueiieiristiiesrisesieriieiaessisssasssiassansssnnssns 1688
17-119. ROOT_STATUS Register Field DeSCriPtONS ....utiiseiiseiiisiissisiesissssias s sassnssssnnrsansesns 1688
17-120. DEV_CAP2 Register Field DeSCIPtIONS 1. uuueeiiiieesiniseesisissssisassessasssssssansssssaasnssssannrsssannnes 1689
17-121. DEV_STAT_CTRL2 Register Field DeSCHPLONS .uuuueiiuerreriinsirinesinnerissianessiesiansisinssissannssins 1689
17-122. LINK_CTRL2 Register Field DeSCIPUONS . ..uuiieetiiiieeiiaaiesraansessaansessaanesssaannsssaannsssaannness 1690
17-123. PCle Extended Capability REQISIEIS ...uuiiueeiiiiiiteiiiies i it s s ss s saanne s aaanneeas 1691
17-124. PCIE_EXTCAP Register Field DesSCriptioNS . ...t et isssasssisssasssinssansssns 1691
17-125. PCIE_UNCERR Register Field DeSCrIPONS ...ttt ssaaiae s ssaaae s saannesssannessaannaesaanness 1692
17-126. PCIE_UNCERR_MASK Register Field DesSCrPiONS .. .uuuettrriieesiriieesisiisnsissisesisasnsssansnnssannnns 1693
17-127. PCIE_UNCERR_SVRTY Register Field DeSCHPONS +..uueiutireeiinrireeiinsisiesrisssisssinssannsiansianes 1694
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17-142. MSI_DATA Register Field DeSCIPIONS .. .uuuetiiiussetiistesisisssessaasssssaasrsssasnnssssinssssainnssaassnens 1701
17-143. Power Management Capability REGISIEIS ...uuuiuiiiiiiiiii i s raees 1702
17-144. PMCAP Register Field DeSCIPIONS . ...t iiieessaatastrassessaanrssssaanressaannssaaanneesaannnesaaanneess 1702
17-145. PM_CTL-STAT Register Field DeSCriPtiONS .. uuuueetiiiuneisaissesisisssessansnsssaanssssansnsssainnssssainness 1703
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17-154. SYMTIMER_FLTMASK Register Field DeSCrPLONS +.uuuuuttiiiieesiiiineiisisnsisainsssisansnsssannnsssannnes 1708
17-155. FLT_MASK2 Register Field DeSCriPtiONS ... uuuvseiiteiseiiieeriasissssisssassssiassassssssansssnnssannssnns 1709
17-156. DEBUGO Register Field DeSCIIPHONS ... uueeeiiiiiesiiaine s saate s saanae s saaane s ssanesssaannesaaannessaannness 1709
17-157. DEBUG1 Register Field DeSCrIPHONS «.uuuuuueeiiiieesiaianeisiissssisasssssassssssaannssssannnsssasnnsssssnnnes 1710
17-158. PL_GEN2 Register Field DeSCHPONS «..uuiustiaeiiteiseiasesssiassssisssaass s saessans e ssnsssannsannes 1711
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18-37. CM_SYSCLK6_CLKSEL Register Field DeSCrIPtONS ..vuueerietiieirineiiseriseinessiesiansssinssannssnnssns 1747
18-38. CM_SYSCLK7_CLKSEL Register Field DeSCrPtONS .uuuueirisriissirissiisssrinsiisssisssasssisssansssern 1748
18-39. CM_SYSCLK10_CLKSEL Register Field DeSCrPLIONS ...uueeiiiiereiriisnsiisiinesisainsesinansnsssansnsssannnes 1748
18-40. CM_SYSCLK11_CLKSEL Register Field DeSCHPLONS +..uutiruterseiireriseiieisinsiansssinsiinnssnnsianaanes 1749
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18-51. CM_SYSCLK16_CLKSEL Register Field DeSCIPLONS ...ueeiiiieeeiriinseiisiinnsisaisnesisasnsssansnsssannnes 1754
18-52. CM_SYSCLK18_CLKSEL Register Field DeSCHPLONS +..uutviutsriseiireriseiineisissianssissiinnssnnsianaanes 1755
18-53. CM_AUDIOCLK_MCASPO_CLKSEL Register Field DeSCrptioNS.....cveiiiiiiieiiiiieeiaiiinesinnanssannnss 1755
18-54. CM_AUDIOCLK_MCASP1_CLKSEL Register Field DeSCriptioNS.....vuveeeiriieeiiiiianeiniinssinnnssiianns 1756
18-55. CM_AUDIOCLK_MCASP2_CLKSEL Register Field DeSCriptioNS ... .cuvvveirieeiitirineiiinnnsineianeeaans 1756
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18-59. CM_TIMER3_CLKSEL Register Field DeSCIPLONS +..uuuvustiisririssiirisseiaseisissrassisssinsssansrasianns 1758
18-60. CM_TIMER4_CLKSEL Register Field DeSCrPUONS ..uuuvueeiiiiaesiniineiisisesisaissssiaasnsisannnsssannnes 1759
18-61. CM_TIMERS5_CLKSEL Register Field DeSCHPLONS «..uuuieriieiiriesiinerissiisisissrassssisssanssnnssannaanes 1759
18-62. CM_TIMERG6_CLKSEL Register Field DeSCIPLONS +..uuuvuetiissiriseiianesiseiasisissrassssisssiasssnneraeianns 1760
18-63. CM_TIMER7_CLKSEL Register Field DeSCrPtONS ..uuuviueeiriieesiniineiisisssisaissssiaansssisansnessannnes 1760
18-64. CM_SYSCLK23_CLKSEL Register Field DeSCHPLONS +..uurivutirseiinerssianininsiannssissiasssnnsianaanes 1761
18-65. CM_SYSCLK24_CLKSEL Register Field DESCHPLONS +.uuuriissiriseianserissiaseisissrassssissiinsransiasianns 1761
18-66. CM_ACTIVE DeVICE REGISIEIS 1 uuiuuutttiiiuissiitseisiatsssaianssssisssssaiasssssassesssasssstaannesssannsessns 1762
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18-69. CM_DEFAULT DeVICE REOISIEIS. 1 tuuutetiisstetiiutssssaastetsaanrrssainrsssaasesssainsstsaisnstsaasesssansnenss 1766
18-70. CM_DEFAULT_L3_MED_CLKSTCTRL Register Field DeSCrptions .....vveevviiriesiiniriieiiininerannians 1766
18-71. CM_DEFAULT_L3_FAST_CLKSTCTRL Register Field DeSCHPONS ...vvveiviuriisirisriinnerineiaierinnians 1767
18-72. CM_DEFAULT_PCI_CLKSTCTRL Register Field DeSCIPLONS ....uviviiurerriiinreiriineiisinesissinnssiannes 1768
18-73. CM_DEFAULT_L3_SLOW_CLKSTCTRL Register Field DeSCIPtONS ....vvvvreeererrrannrersnanrersaanneernnns 1769
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18-75. CM_DEFAULT_EMIF_0_CLKCTRL Register Field DeSCHPUONS ....cvviiuteiiiiineeinaineirainessaannnssaanns 1771
18-76. CM_DEFAULT_EMIF_1_CLKCTRL Register Field DeSCrPLONS ....uvviieteiriiereiriinnsiiiinesisainsssianes 1772
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18-86. PRM_ACTIVE DEVICE REGISIEIS . uutiuuttiuteiiuterssisessatiats et rassssss s sarsssass s sanrsannssanes 1781
18-87. PM_ACTIVE_PWRSTCTRL Register Field DeSCHPLIONS ....cviiiiiiiiieiiiiiieeiaaieesraannesssnnnnesaannnns 1781
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18-89. PRM_DEFAULT DeVICE REQISIEIS . uuutiuuetiattruesintsrteiseiasesasssasssinssatssanssanssasstasssnnssanns 1783
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18-91. PM_DEFAULT_PWRSTST Register Field DeSCHPLONS . ..uueiiiiieteiriieiiiiiesisninsssisasssssannnessannns 1784
18-92. RM_DEFAULT_RSTCTRL Register Field DeSCrptioNS.....uveutirieeiintinieiinsisierinsisisssinssannsiansianes 1785
18-93. RM_DEFAULT_RSTST Register Field DeSCHPLONS «..uuuueeeiiiieeiiiiinesiaaansssanaressaannsssaannessaannees 1786
18-94. PRM_SGX DEVICE REGISIEIS . uuutiiuutetiiuntesiaatssisasstessiastessaisssssasnssaainsstsassnstsasnesissssnesss 1787
18-95. PM_SGX_PWRSTCTRL Register Field DeSCrPLONS ...uvuetiiuiiiieeiitereiainisssasssissiinssnnsiannaanes 1787
18-96. RM_SGX_RSTCTRL Register Field DeSCIPLONS .uuvuueiiueirissiissirinerissrseiisssisssassissirsnerns 1788
18-97. PM_SGX_PWRSTST Register Field DeSCrPlONS . ..uuiveueetiiiiesisisnesiaissssssaistsssannnssssinnrsssainnes 1789
18-98. RM_SGX_RSTST Register Field DeSCIHPONS .. .uuttieeiieirieeiansissesisssss i sanessisssinrsasssnns 1789
18-99. CM_ALWON DEVICE REGISTEIS . eiuuueeiiintesiaansessaaatessaannasssaansessaanneesaaannssaaannessaannnsssnnnnesss 1790
18-100. CM_ALWON_L3_SLOW_CLKSTCTRL Register Field DeSCrptioNS ......civivereiriinrerriinnsiniinnesinnnes 1792
18-101. CM_ETHERNET_CLKSTCTRL Register Field DeSCHPONS ..uuvutirteiiseiriesiinsisiaesinrisnesineiainesans 1794
18-102. CM_ALWON_L3_MED_CLKSTCTRL Register Field DeSCrPtioNS +..uuvvisriruseiiseisinerisisinerinrianneas 1795
18-103. CM_MMU_CLKSTCTRL Register Field DeSCrPtiONS «...uueeiiiiieteiriieesisiisesissinsesisansssssannssssannnes 1795
18-104. CM_MMUCFG_CLKSTCTRL Register Field DeSCHPLONS +.uuueiistirteiineiiieerinsisisssinsianrsrinsianneaaes 1796
18-105. CM_ALWON_OCMC_0_CLKSTCTRL Register Field DeSCrptioNS.....c.vveiriieieiiiineeininnresnnineanans 1797
18-106. CM_ALWON_OCMC_1_CLKSTCTRL Register Field DeSCrptioNS ... cuuuesiriiereiriinnreriinnreiniineaianns 1798
18-107. CM_ALWON_MPU_CLKSTCTRL Register Field DeSCrptioNS «...uuiiueiiieirierinsiriasiinerinsiainesinsians 1799
18-108. CM_ALWON_SYSCLK4_CLKSTCTRL Register Field DeSCHPtONS ..uvvveeristiriserinrisiseiiseiainesannins 1800
18-109. CM_ALWON_SYSCLK5_CLKSTCTRL Register Field DeSCrPliONS .. ..uueeiiiiutrrrninnresriinnssssinssiannns 1801
18-110. CM_ALWON_SYSCLK6_CLKSTCTRL Register Field DeSCriPtioNS .....uveviiererreianeerrninnesnaannnesnnnns 1802
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23-12. UART Interrupt Enable Register (IER) Field DeSCHPLIONS .....eiiiiiiiiiiiie i iiiteerrieee s esnaneeanns 2032
23-13. IrDA Interrupt Enable Register (IER) Field DeSCIPUONS «..uuuueeiiiiaesiiiisnesiiisssisaisrsssaansssssannnesaans 2033
23-14. CIR Interrupt Enable Register (IER) Field DeSCrPtONS ...vuueiseiisiiiieiierine s sasisisesinnsreeas 2034
23-15. UART Interrupt Identification Register (IIR) Field DeSCrPtioNS .......eviiiiiiiiiiiiiiiie e iiirernaaneeanas 2035
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23-25. Transmission Control Register (TCR) Field DeSCrPtIONS ...uuueeiiiiiiesiiiieei i siriistsssannsressaanneaaaas 2045
23-26. Scratchpad Register (SPR) Field DeSCHPIONS .. uuuuetiitiiieiiteriteiieir i ssinerannaas 2045
23-27. Trigger Level Register (TLR) Field DESCIPLONS ....uuuueeiiiiieeiiiieesiaaas e ssaanresssanresaaanrseaaaneeaanns 2046
23-28. RX FIFO Trigger Level Setting SUMMAIY .....ueeiiiiueseiristesriinressisssssainnssssannssssisnessssssnsssannns 2046
23-29. TX FIFO Trigger Level Setting SUMIMAIY . ..uueeiiueireeiinternssinssrnssiassssisssassssssssansssansiasisnnssns 2046
23-30. Mode Definition Register 1 (MDR1) Field DeSCHPLIONS .....uueeeiiiiiesiiiieesrianressaanresaannreeaaannseaanns 2047
23-31. Mode Definition Register 2 (MDR2) Field DeSCIPLIONS ..uiuuueeiiiieesiiinsseisiintssisanressaannsssainnreaaans 2048
23-32. Mode Definition Register 3 (MDR3) Field DESCHPLONS .uvuueirusriintirinriinseiiaeiiessissrasisnnsianssrnneias 2049
23-33. Status FIFO Line Status Register (SFLSR) Field DeSCrptioNS ...vvuvvvisiiiisiiseiiiirisiisrininenneas 2050
23-34. RESUME Register Field DeSCIHPIONS . .uuutiiutssisisteisiitssssiisnssssinsesssasnssssassesiassnsssansnsssannnns 2050
23-35. Status FIFO Register Low (SFREGL) Field DeSCHPONS «..uvvruetiissirieriintsrineiinessisesasisinssannsrnneias 2051
23-36. Status FIFO Register High (SFREGH) Field DeSCHPONS v.vvvussiissiisserisriiseiiseiiinesissisisssinrsanneas 2051
23-37. BOF Control Register (BLR) Field DeSCrPtONS .. uuuuuteiiiitseiiintessiinssessiinnessainnssssainnssasinssinnnes 2052
23-38. Auxiliary Control Register (ACREG) Field DeSCHPONS ..t vuueiueeiistirserisssrneianeisieesansisnsssanrsaneeias 2053
23-39. Supplementary Control Register (SCR) Field DeSCriptioNS . ...vvueivieriiiiiieiiniasnirnseinaens 2054
23-40. Supplementary Status Register (SSR) Field DeSCHPtONS ...uueiiiiiiieiiiieiiierais s saianneaaaas 2055
23-41. BOF Length Register (EBLR) Field DESCHPONS w.uutiuteiseineerississssinssrnssanssannesansisnsssinrsanneias 2056
23-42. Module Version Register (MVR) Field DeSCIPLONS .. ..ueiiieiiiiiiesiiieesssaaaresssanressannressaanneeranns 2057
23-43. System Configuration Register (SYSC) Field DeSCHPtONS .. .uueiiiiieeiiiiesiiiieeiiissirassessaanneeanas 2058
23-44. System Status Register (SYSS) Field DeSCrIPONS .uvuviiiuiiiiiiiiiieririe i s saaeenas 2058
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23-46. Carrier Frequency Prescaler Register (CFPS) Field DeSCHPONS ...uveiiseiiieirisriiseiissiierineianeninens 2060
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23-48. Divisor Latches High Register (DLH) Field DeSCHPLONS ..uuuueiistireeiitiiieiieiniesaasisiessinnesessaneans 2061
23-49. Enhanced Feature Register (EFR) Field DeSCHPUONS ...iuuuueeiiiiiieeiiaieesiainssrsaanressaannsessannreaanns 2062
23-50. EFR[3:0] Software FIOW CONtrol OPtiONS ..uuuuusssiiussesiistssisisressiannesssinssssaisnssssanssisaisnssssnnes 2063
23-51. XON1/ADDR1 Register Field DeSCrPONS ..uuuueiiueiiieeiitirieiiatisesrassssies s sessanssannssans 2063
23-52. XON2/ADDR2 Register Field DeSCIPONS .uuuuueiistirieeiistirseiistisseiissssiss s sansssesaesannesans 2063
23-53. XOFF1 Register Field DeSCriPtiONS .. uuutetiaessisantessiatsssaisessasssssssissssssasssestaassnsssansnessannnes 2064
23-54. XOFF2 Register Field DeSCHPIONS .t uuuttiuseiuserseiasstsssraassssssaasssss e e sansssnnstansanns 2064
23-55. Transmit Frame Length Low Register (TXFLL) Field DeSCrPtioNS .....cvviiiiiiiiiiiiiiiineriaineessaaneesns 2065
23-56. Transmit Frame Length High Register (TXFLH) Field DeSCriptioNS .....vvvveeeiviiueeiiiiineiiiinesininneesas 2065
23-57. Received Frame Length Low Register (RXFLL) Field DeSCHPONS ..vvvuveiiueiriieiiiiierinieeinneanaeens 2066
23-58. Received Frame Length High Register (RXFLH) Field DeSCriptionS ......cuvviiiiiiiiiiiieiiiinennianeeanns 2066
23-59. UART Autobauding Status Register (UASR) Field DeSCrPtiONS .....ueeiiiiieeeiiiiesiniinnsisiinnesisannneesas 2067
24-1. USBSS INterface SIgNalS....uuueiseiieiitireiirte st s s n e s s r e e 2074
24-2. PERI_TXCSR Register Bit Configuration for Bulk IN TranSactions .........ceeviiiiviieiinsiiisiiirneinnen, 2087
24-3. PERI_RXCSR Register Bit Configuration for Bulk OUT TranSactionS .......evivviseesiniinssiisinsesisnnneesas 2089
24-4. PERI_TXCSR Register Bit Configuration for Isochronous IN Transactions ........vvvevvviriiiieiinninienninnns 2091
24-5. PERI_RXCSR Register Bit Configuration for Isochronous OUT TranSactionS........oveeeeiriinererninneeinns 2092
24-6. Packet Descriptor Word 0 (PDO) Bit Field DeSCrPtiONS ..uu.uuuesiriasesiiintssisisrssrainresainnrsssainnsaaanns 2114
24-7. Packet Descriptor Word 1 (PD1) Bit Field DeSCHPLONS .. vuueireeiistiseerinnisseiiseiaiessansissssinssanseias 2114
24-8. Packet Descriptor Word 2 (PD2) Bit Field DeSCHPtIONS ... uueeeiiiieeesiianesisaaneesaaannessaaanresaaanneaaanns 2115
24-9. Packet Descriptor Word 3 (PD3) Bit Field DeSCrPtioNS ..uu.uuuesiiiasesiiintssirisrsirainressinnrsssainnsaaanns 2115
24-10. Packet Descriptor Word 4 (PD4) Bit Field DeSCHPHONS .. vuueiresiissiieeritsrnesinessiessansisinssannsaneenas 2115
24-11. Packet Descriptor Word 5 (PD5) Bit Field DeSCHPtIONS ... u.uueeeiiiiaesiiateserianresraanressannresaaanneaaanns 2116
24-12. Packet Descriptor Word 6 (PD6) Bit Field DeSCPtiONS ..uvuuuesiiiieesiiintssisiinrssrainrsssinnrsssainnsaaaans 2116
24-13. Packet Descriptor Word 7 (PD7) Bit Field DeSCHPLONS .. vuueieeiistiiierinsrssiinessieesansisisssinnsaeenas 2116
24-14. Buffer Descriptor Word 0 (BDO) Bit Field DeSCHPONS . ..uuuueeeiiiiaesiaatesisinnressaanressannrssaaanneeaanns 2117
24-15. Buffer Descriptor Word 1 (BD1) Bit Field DeSCrPLiONS ..uuuuuuesiiisesiiinnnsiriinsessainnrsssinnrsssainnsaaanns 2117
24-16. Buffer Descriptor Word 2 (BD2) Bit Field DeSCHPLONS 1. vuvueireeiissisaesisnsriseiansssiessansisnsssanssanseias 2117
24-17. Buffer Descriptor Word 3 (BD3) Bit Field DeSCHPONS ...uuuueeeiiiiaesiiatesisinressianressaanessananneeaanns 2117
24-18. Buffer Descriptor Word 4 (BD4) Bit Field DeSCrPLiONS ..uuuuuesiiieesiiinsnsiriinressainssssinnrsssainnsaaanns 2118
24-19. Buffer Descriptor Word 5 (BD5) Bit Field DeSCHPLONS «.vuvueireeiissisasiisnsrseiansssiessansisinssanseanseias 2118
24-20. Buffer Descriptor Word 6 (BD6) Bit Field DeSCHPONS ....uuueeeiiiieesiaatesiriinressaannrsssannresaaanneeaanns 2118
24-21. Buffer Descriptor Word 7 (BD7) Bit Field DeSCrPLiONS ..uuuuuuetiiieesiiinsssisiinssssainssssianrsssainnsaaaans 2118
24-22. Teardown Descriptor Word O Bit Field DeSCrIPtONS .. .uueiiuiiiieeiitiiieriris e sreenas 2119
24-23. Teardown Descriptor Words 1 to 7 Bit Field DeSCHPLONS .....eeiiiiieiiiiie i s esnaneeanas 2119
24-24. Queue-ENdpPOint ASSIGNMENTS 1. uuuuiieetetriateeraiere st saiar s ssaas st saassesssaanestaannnsssannnessannnes 2120
24-25. 53 BYteS TeSt PaCKEt CONMENT .. uuuuetietirteitiite e s s e s e s an e ra e s s r s rneanes 2136
24-26. USBSS Submodule Base AdAreSSes and SiZe ...uuueiieiiiiseiiiiriseiiisisrissississaeaassainssansans 2143
24-27. USBSS REQISIEIS .ututuuuutsiiuunesisuansssasses s ssastestaassesssastessaasssessaannstsssnnestsssnnsisssnnnss 2144
24-28. USBSS Revision Register (REVREG) Field DeSCHPON .. ..uueiiutiitesitiiseiineiieerinsssisssinssansssnneias 2145
24-29. USBSS SYSCONFIG Register (SYSCONFIG) Field DESCHPLONS uvvvustirureiiseiiiserinsisiserinriinneinnea, 2146
24-30. USBSS End of Interrupt Register (EOI) Field DeSCIPLONS . .uuviiviueeiiiiineiiiiinsiriinrssraisressinnneianas 2148
24-31. USBSS IRQ_STATUS_RAW (IRQSTATRAW) Field DESCHPLONS vvuvvverrernererneeneenrenreneenreneenrennees 2149
24-32. USBSS IRQ_STATUS (IRQSTAT) Field DEeSCHPLONS .uvuvuseistirseraseisserinnisisssissisnneraseiannssannins 2150
24-33. USBSS IRQ_ENABLE_SET Register (IRQENABLER) Field DeSCriptions .....cvvevisiiserseriniisiinereiinas 2151
24-34. USBSS IRQ_ENABLE_CLR Register (IRQCLEARR) Field DeSCriptions .....cvvuiivesiinrinieerineinineninnss 2152
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About This Manual

This Technical Reference Manual (TRM) details the integration, the environment, the functional
description, and the programming models for each peripheral and subsystem in the device.

The TRM should not be considered a substitute for the data manual, rather a companion guide that should
be used alongside the device-specific data manual to understand the details to program the device. The
primary purpose of the TRM is to abstract the programming details of the device from the data manual.
This allows the data manual to outline the high-level features of the device without unnecessary
information about register descriptions or programming models.

Notational Conventions

This document uses the following conventions.

» Hexadecimal numbers may be shown with the suffix h or the prefix Ox. For example, the following
number is 40 hexadecimal (decimal 64): 40h or 0x40

» Registers in this document are shown in figures and described in tables.

— Each register figure shows a rectangle divided into fields that represent the fields of the register.
Each field is labeled with its bit name, its beginning and ending bit numbers above, and its
read/write properties with default reset value below. A legend explains the notation used for the
properties.

— Reserved bits in a register figure can have one of multiple meanings:
» Not implemented on the device
* Reserved for future device expansion
* Reserved for Tl testing
* Reserved configurations of the device that are not supported

— Writing non-default values to the Reserved bits could cause unexpected behavior and should be
avoided.

Glossary
SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
Related Documentation From Texas Instruments
For product information, visit the Texas Instruments website at http://www.ti.com.
SPRS681— AM389x Sitara ARM Microprocessors (MPUs) Data Manual.

SPRZ327— AM389x Sitara ARM Processors Silicon Errata (Revisions 2.1, 2.0, 1.1, 1.0).

Community Resources

The following links connect to TI community resources. Linked contents are provided "AS 1S" by the
respective contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views;
see Tl's Terms of Use.

TI E2E™ Online Community— TI's Engineer-to-Engineer (E2E) Community. Created to foster
collaboration among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore
ideas and help solve problems with fellow engineers.
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Tl Embedded Processors Wiki— Texas Instruments Embedded Processors Wiki. Established to help
developers get started with Embedded Processors from Texas Instruments and to foster innovation

and growth of general knowledge about the hardware and software surrounding these devices.

E2E, SmartReflex are trademarks of Texas Instruments.

NEON, CoreSight, ARM7, ARM9, ARM968, ARM968E-S are trademarks of ARM Limited.
ARM, Cortex, Jazelle, Thumb are registered trademarks of ARM Limited.

USSE is a trademark of Imagination Technologies Limited.

PowerVR is a registered trademark of Imagination Technologies Limited.

MIPI is a registered trademark of MIPI Aliance, Inc..
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Introduction

This section describes the features, supporting subsystems, and architecture of this highly integrated,
programmable device. A detailed summary of the key features, required usage information, and register
descriptions is provided for the following primary components and subsystems:

» Microprocessor unit (MPU) subsystem based on the ARM® Cortex®-A8 microprocessor with
ARM® NEON™ technology extension

e System MMU

» SGX530 graphics subsystem for 3D graphics acceleration

» HD Video Processing Subsystem (HDVPSS) for video capture and display
e Level 3 (L3) and Level 4 (L4) interconnects

» Device Clocking and Flying Adder PLLs

» Error Location Module for the General Purpose Memory Controller

» Inter-Processor Communications with Mailbox and Spinlock components
» Control module with all chip-level control and configuration registers

* Power, Reset, and Clock Management module

e Interrupt Controller

» Boot modes and booting procedures

MPU Subsystem

Introduction

The Microprocessor Unit (MPU) subsystem of the device handles transactions between the ARM core
(ARM Cortex-A8 Processor), the L3 interconnect, and the interrupt controller (INTC). The MPU subsystem
is a hard macro that integrates the Cortex-A8 Processor with additional logic for protocol conversion,
emulation, interrupt handling, and debug enhancements.

Cortex-A8 is an ARMv7 compatible, dual-issue, in-order execution engine with integrated L1 and L2
caches with NEON SIMD Media Processing Unit.

An Interrupt Controller is included in the MPU subsystem to handle host interrupt requests in the system.

The MPU subsystem includes ARM® CoreSight™ compliant logic to allow the debug subsystem access to
the Cortex-A8 debug and emulation resources, including the Embedded Trace Macrocell.

The MPU subsystem has three functional clock domains, including a high-frequency clock domain used by
the Cortex-A8. The high-frequency domain is isolated from the rest of the device by asynchronous
bridges.

Figure 1-1 shows the high-level block diagram of the MPU subsystem.
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Figure 1-1. Microprocessor Unit (MPU) Subsystem

Host ARM |

| subsystem |
! |
nteger eon
| Integ N |
I core core
[
l S |
() »f OCP2 | Debug bus
| L1 L1D = "l atB [32 (OCP)
32KB 32KB fn
| | | t |
[
| \ / [
[
L2
: Cortex-A8 256KB |
| & ICECrusher |
[
| 128 |
e 5 ! |
| :

: ROM '«<»|  AXI20CP [

' ' < .\ System
| 48KB 1 64 7 AINTC [ interrupts
| H ! A A I
| : 128 64 |
I , E \ 4 A 4 |
: OCMBAM 11| r2AasvNe I2ASYNC Clk Div |
I E E F 3 F N I
[ : |

e - --------------- I
| 128 64 |

OCP Master 0 OCP Master 1
Y Y SYSCLK2
T2ASYNC T2ASYNC From PRCM
To DMM ELLA ToL3

port

SPRUGX7C-March 2015
Submit Documentation Feedback

Copyright © 2015, Texas Instruments Incorporated

Chip Level Resources

109


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUGX7C

13 TEXAS
INSTRUMENTS

MPU Subsystem www.ti.com

1.2.2

1.2.3

Features

This section outlines the key features of the MPU subsystem:
e ARM Microprocessor
— Cortex-A8 revision R3P2.
— ARM Architecture version 7 ISA.
— 2-issue, in-order execution pipeline.
— L1 and L2 Instruction and Data Cache of 32 KB , 4-way, 16 word line with 128 bit interface.
— Integrated L2 cache of 256 KB, 8-way, 16 word line, 128 bit interface to L1.

— Includes the NEON media coprocessor (NEON) that implements the Advanced SIMD media
processing architecture.

— Includes the VFP coprocessor which implements the VFPv3 architecture and is fully compliant with
IEEE 754 standard.

— The external interface uses the AXI protocol configured to 128-bit data width.
— Includes the Embedded Trace Macrocell (ETM) support for non-invasive debugging.

— Implements the ARMv7 debug with watch-point and breakpoint registers and 32-bit Advanced
Peripheral Bus (APB) slave interface to CoreSight debug systems.

* AXI20CP Bridge
— Support OCP 2.2.
— Single Request Multiple Data Protocol on two ports.
— Multiple targets, including three OCP ports (128-bit, 64-bit and 32-bit).
e Interrupt Controller
— Support up to 128 interrupt requests
» Emulation/Debug
— Compatible with CoreSight Architecture.
* Clock Generation
— Through PRCM
« DFT
— Integrated PBIST controller to test L2 tag and data ram, L1l and L1D data ram and OCM RAM.

MPU Subsystem Integration
The MPU subsystem integrates the following group of submodules:

Cortex-A8 Processor: Provides a high processing capability, including the NEON technology for mobile
multimedia acceleration. The ARM communicates through an AXI bus with the AXI2OCP bridge and
receives interrupts from the MPU subsystem interrupt controller (MPU INTC).

Interrupt controller: Handles the module interrupts (for details, see the ARM Interrupt Controller (AINTC)
chapter).

AXI20CP bridge: Allows communication between the ARM (AXI), the INTC (OCP), and the modules
(OCP L3).

I2Async bridge: This is an asynchronous bridge interface providing an asynchronous OCP to OCP
interface. This interface is between the AXI2OCP bridge within the MPU subsystem and the T2Async
bridge external to the MPU subsystem.

Clock Divider: Provides the required divided clocks to the internal modules of the MPU subsystem and
has a clock input from SYSCLK?2 that is applied by the power, reset, and clock management (PRCM)
module of the device.

In-Circuit Emulator: It is fully Compatible with CoreSight Architecture and enables debugging capabilities.
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Figure 1-2. MicroProcessor Unit (MPU) Subsystem Signal Interface
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1.2.4 MPU Subsystem Clock and Reset Distribution

1.2.4.1 Clock Distribution

The MPU subsystem does not include an embedded DPLL. The clock is sourced from the PRCM module.
A clock divider within the subsystem is used for deriving the clocks for other internal modules.

All major modules inside the MPU subsystem are clocked at half the frequency of the ARM core. The
divider of the output clock can be programmed with the
PRCM.CM_CLKSEL2 PLL _MPU[4:0]MPU_DPLL_CLKOUT_DIV register field, the frequency is relative to
the ARM core. For details see the Power, Reset, and Clock Management (PRCM)) Module chapter.

The clock generator generates the following functional clocks:

ARM (ARM_FCLK): This is the core clock. It is the base fast clock that is routed internally to the ARM
logic and internal RAMSs, including NEON, L2 cache, the ETM core (emulation), and the ARM core.

AXI20CP Clock (AXI_FCLK): This clock is half the frequency of the ARM clock (ARM_FCLK). The OCP
interface thus performs at one half the frequency of ARM.

Interrupt Controller Functional Clock (MPU_INTC_FCLK): This clock, which is part of the INTC
module, is half the frequency of the ARM clock (ARM_FCLK).

ICE-Crusher Functional Clock (ICECRUSHER_FCLK): ICE-Crusher clocking operates on the APB
interface, using the ARM core clocking. This clock is half the frequency of the ARM clock (ARM_FCLK).

I2Async Clock (I2ASYNC_FCLK): This clock is half the frequency of the ARM clock (ARM_FCLK). It
matches the OCP interface of the AXI2OCP bridge.

NOTE: The second half of the asynchronous bridge (T2ASYNC) is clocked directly by the PRCM
module with the core clock. T2ZASYNC is not part of the MPU subsystem.

Emulation Clocking: Emulation clocks are distributed by the PRCM module and are asynchronous to the
ARM core clock (ARM_FCLK) and can run at a maximum of 1/3 the ARM core clock.

Table 1-1 and Table 1-2 summarize the clocks generated in the MPU subsystem by the MPU clock

generator.
Figure 1-3. MPU Subsystem Clocking Scheme
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Table 1-1. MPU Subsystem Clock Frequencies
Clock Signal Frequency Comments
Cortex-A8 Core Functional Clock MPUCLK SYSCLK2 from PRCM

AXI20CP Bridge Functional Clock MPUCLK / 2
IceCrusher Clock MPUCLK / 2

I2Async Bridge Functional Clock MPUCLK / 2

NOTE: The second half of the asynchronous bridges (T2ASYNC) going to EMIF and L3 are clocked
directly by the PRCM module with the core clock for port. T2ASYNC half-bridges are not part
of the MPU subsystem.

Table 1-2. MPU Subsystem Clock Input Signals

Clock Signal Reference/Source Clock Comments
MPU Clock Non-Gated SYSCLK2 from PRCM
Async bridge clock (core domain) Gated SYSCLK®6 from PRCM T2ASYNC bridges only

1.2.4.2 Reset Distribution

Resets to the MPU subsystem are provided by the PRCM module and controlled by the clock generator
module.

For details about clocks, resets, and power domains, see the Power, Reset, and Clock Management
(PRCM) Module chapter.
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Figure 1-4. Reset Scheme of the MPU Subsystem
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Table 1-3. Reset Scheme of the MPU Subsystem
Signal Name 110 Interface
MPU_RST [ PRCM
NEON_RST [ PRCM
CORE_RST [ PRCM
MPU_RSTPWRON [ PRCM
EMU_RST [ PRCM
EMU_RSTPWRON [ PRCM
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1.2.5 ARM Subchip

1.2.5.1 ARM Overview

The ARM Cortex-A8 processor incorporates the technologies available in the ARM® ARM7™ processor
architecture. These technologies include NEON for media and signal processing and ARM® Jazelle®
Runtime Compilation Target (RCT) for acceleration of realtime compilers, ARM® Thumb®-2 technology for
code density and the VFPv3 floating point architecture. For more information about the ARM Cortex-A8
processor, refer to the ARM® Cortex®-A8 Technical Reference Manual.

1.2.5.2 ARM Description

1.2.5.2.1 ARM Cortex-A8 Instruction, Data, and Private Peripheral Port

The AXI bus interface is the main interface to the ARM system bus. It performs L2 cache fills and non-
cacheable accesses for both instructions and data. The AXI interface supports 128bit and 64-bit wide
input and output data buses. It supports multiple outstanding requests on the AXI bus and a wide range of
bus clock to core clock ratios. The bus clock is synchronous with the core clock.

For a complete programming model of the transaction rules (ordering, posting, and pipeline
synchronization) that are applied depending on the memory region attribute associated with the
transaction destination address, refer to the ARM® Cortex®-A8 Technical Reference Manual.

1.2.5.2.2 ARM Core Supported Features

Table 1-4 provides a list of main functions of the Cortex-A8 core supported inside the MPU Subsystem.
For more information, refer to the ARM® Cortex®-A8 Technical Reference Manual.

Table 1-4. ARM Core Supported Features

Features

Comments

ARM version 7 ISA

Standard ARM instruction set + Thumb2, JazelleX Java accelerator, and
Media extensions.

Backward compatible with previous ARM ISA versions.

Cortex-A8 version

R3P2

L1 Icache and Dcache

32 KB, 4-way, 16-word line, 128-bit interface.

L2 Cache 256 KB, 8-way, 16-word line, 128-bit interface to L1. The L2 cache and cache
controller are embedded within the Monza core.
L2 valid bits cleared by software loop or by hardware.

TLB Fully associative and separate ITLB with 32 entries and DTLB with 32 entries.

CoreSight ETM

The CoreSight ETM is embedded with the Monza core. The 32KB buffer
(ETB) exists at the Chip Level (DebugSS)

Branch Target Address Cache

512 entries

Enhanced Memory Management Unit

Mapping sizes are 4KB, 64KB, 1MB, and 16MB. (Monza MMU adds extended
physical address ranges)

NEON

Gives greatly enhanced throughput for media workloads and VFP-Lite
support.

Flat Memories

176 Kbytes of ROM

64 Kbytes of RAM

Buses

128-bit AXI internal bus from Cortex-A8 routed by an AXI2OCP bridge to the
interrupt controller, ROM, RAM, and 3 asynchronous OCP bridges (128 bits
and 64 bits)

Low interrupt latency

Closely coupled INTC to the Monza core with 128 interrupt lines

Vectored Interrupt Controller Port

Present.

JTAG based debug

Supported via DAP

Trace support

Supported via TPIU

External Coprocessor

Not supported
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1.2.6 AXI20CP and I2Async Bridges

1.2.6.1 Bridges Overview

The AXI20CP Bridge is used to connect the AXI bus on the ARM A8 to the OCP native L3 interconnect
(64-bit width), EMIF OCP port (128-bit width), and interrupt controller. It converts between AXI and OCP
protocols and maintains a mapping of AXI tags to the OCP Tag ID. A memory region must be reserved for
the interrupt handler. The bridge is required to do some minimal address decoding to decide where to

forward the requests.

The AXI20CP Bridge and the target modules (EMIF, L3) operate in different clock domains. The interface
between the AXI20CP Bridge and EMIF/L3 must go through an asynchronous bridge to properly

synchronize signals to the opposite clock domain.

Bridging to the L3 is accomplished through an asynchronous interface involving the 12Async and T2Async
modules. The I12Async module inside the MPU subsystem has an OCP port that is asynchronously
transferred to the T2Async module and routed to the L3. T2Async is outside the MPU subsystem.

NOTE: The interface between I2Async and T2Async is not an OCP protocol.

1.2.6.2 Key Features
» Connects to the EMIF via a 128-bit OCP port and asynchronous bridge.
» Connects to the L3 interconnect via a 64-bit OCP port and asynchronous bridge.
» Connects to the interrupt controller via a 32-bit OCP port. (Only single transactions are supported)

» Supports Single-Request-Multiple-Data (data handshaking) burst mode to pipeline requests.

* Supports multiple outstanding requests.
e Emulation and boot-mode translation support.

» Exclusive accesses are translated to non-exclusive read/write in the bridge.

Figure 1-5. Overview of the AXI20OCP and the L3 Bridges
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1.2.6.3 AXlto OCP Tag Mapping

Table 1-5 and Table 1-6 gives the Read and Write Channel AXI ID to OCP Tag Mappings

Table 1-5. Read Channel AXI ID to OCP Tag Mappings

AXI ID Request type OCP Thread[2] OCP Tag Outstanding
Requests

4’b0000 NC/SO[1] data load Thread_Mx 5'b00000 9 (one integer and

4’60001 Device data load Thread_Mx 500001 up to 8 NEON)

4’'b0011 peripheral n/a n/a

4’1110 Cacheable linefill into L1D Thread_Mx 5'b01110

4’b0100 NC/SO[1] instruction fetch Thread_Mx 5'b00100 1

4’'b0101 Device instruction fetch Thread_Mx 5'b00101

4'b1111 Linefills into L11$ (line is L2 non- Thread_Mx 5'b01111
cacheable)

4’0110 NC/SO[1] Table-walk requests Thread_Mx 5'b00110 1
(instruction, data or PLE)

4’1000 Cacheable linefills (I, D, TLB, PLE) #1, Thread_Mx 5'b01000 1
except linefill into L1D

4’1001 Cacheable linefills (I, D, TLB, PLE) #2, Thread_Mx 5'b01001 1
except linefill into L1D

4’1010 Cacheable linefills (I, D, TLB, PLE) #3, Thread_Mx 5'b01010 1
except linefill into L1D

4'h1011 Cacheable linefills (I, D, TLB, PLE) #4, Thread_Mx 5'b01011 1
except linefill into L1D

4’0010 Reserved n/a n/a n/a

4'h0111

4'h1100

4'b1101

Table 1-6. Write Channel AXI ID to OCP Tag Mappings
AXI'ID Request type OCP Thread[2] OCP Tag Outstanding
Requests

4’b0000 NC/SO[1], or WT stores Thread_Mx 5'H10000 Upto8

4’0001 Device writes Thread_Mx 5'b10001

4’'b0011 Peripheral write n/a n/a

4’1000 Eviction #1 (including PLE) Thread_Mx 5'b11000 1

4’1001 Eviction #2 (including PLE) Thread_Mx 5'b11001 1

4’1010 Eviction #3 (including PLE) Thread_Mx 5'b11010 1

4'b1011 Eviction #4 (including PLE) Thread_Mx 5'b11011 1

4'b0010 Reserved n/a n/a n/a

4’0100

4’0101

4’0110

4'b0111

4’1100

4'h1101

4'h1110

4'b1111
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1.2.7 Interrupt Controller
The Host ARM Interrupt Controller (AINTC) is responsible for prioritizing all service requests from the
system peripherals and generating either nIRQ or nFIQ to the host. The type of the interrupt (nIRQ or
nFIQ) and the priority of the interrupt inputs are programmable. The AINTC interfaces to the Monza
processor via the AXI port through an AXI20CP bridge and runs at half the processor speed. The AINTC
handles the interrupts directed to the HASS. It has the capability to handle up to 128 requests which can
be steered/prioritized as A8 nFIQ or nIRQ interrupt requests.
The general features of the AINTC are:
» Up to 128 level sensitive interrupts inputs
* Individual priority for each interrupt input
» Each interrupt can be steered to nFIQ or nIRQ
* Independent priority sorting for nFIQ and nIRQ
1.2.8 Power Management

1.2.8.1 Power Domains

The MPU subsystem is divided into 5 power domains controlled by the PRCM module, as shown in
Figure 1-6.

NOTE: The emulation domain and the core domain are not fully embedded in MPU subsystem.

Power management requirements at the device level govern power domains for the MPU subsystem. The
device-level power domains are directly aligned with voltage domains and thus can be represented as a
cross reference to the different voltage domains.

Table 1-7 shows the different power domains of the MPU subsystem and the modules inside.

Table 1-7. Overview of the MPU Subsystem Power Domain

Functional Power Domain Physical Power Domain per System/Module
MPU subsystem domain ARM, AXI20CP, 12Asynch Bridge, ARM L1 and L2 periphery
logic and array, ICE-Crusher, ETM, APB modules
MPU NEON domain ARM NEON accelerator
CORE domain MPU interrupt controller
EMU domain EMU (ETB,DAP)
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NOTE: L1 and L2 array memories have separate control signals into the in MPU Subsystem, thus
directly controlled by the PRCM module. For details on the physical power domains and the
voltage domains, see the Power, Reset, and Clock Management (PRCM) Module chapter.

1.2.8.2 Power States

Figure 1-6. MPU Subsystem Power Domain Overview
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Each power domain can be driven by the PRCM module in 4 different states, depending on the functional

mode required.

For each power domain, the PRCM module manages all transitions by controlling domain clocks, domain
resets, domain logic power switches and memory power switches.

Table 1-8. MPU Power States

Power State Logic Power Memory Power Clocks
Active On On or Off On (at least one clock)
Inactive On On or Off Off
Off Off Off Off (all clocks)
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1.2.8.3 Power Modes

The major part of the MPU subsystem belongs to the MPU power domain. The modules inside this power
domain can be off at a time when the ARM processor is in an OFF or standby mode. IDLE/WAKEUP
control is managed by the clock generator block but initiated by the PRCM module.

The MPU Standby status can be checked with PRCM.CM_IDLEST_MPUJ[0] ST_MPU bit. For the MPU to
be on, the core (referred here as the device core) power must be on. Device power management does not
allow INTC to go to OFF state when MPU domain is on (active or one of retention modes).

The NEON core has independent power off mode when not in use. Enabling and disabling of NEON can
be controlled by software.

CAUTION

The MPU L1 cache memory does not support retention mode, and its array
switch is controlled together with the MPU logic. For compliance, the L1
retention control signals exist at the PRCM module boundary, but are not used.
The ARM L2 can be put into retention independently of the other domains.

Table 1-9 outlines the supported operational power modes. All other combinations are illegal. The ARM
L2, NEON, and ETM/Debug can be powered up/down independently. The APB/ATB ETM/Debug column
refers to all three features: ARM emulation, trace, and debug.

The MPU subsystem must be in a power mode where the MPU power domain, NEON power domain,
debug power domain, and INTC power domain are in standby, or off state.

Table 1-9. MPU Subsystem Operation Power Modes

Mode MPU and ARM Core AMR L2 RAM NEON INTC Device Core and APB/ATB Debug
Logic ETM
1 Active Active Active Active Disabled or enabled
2 Active Active OFF Active Disabled or enabled
3 Active RET Active Active Disabled or enabled
4 Active RET OFF Active Disabled or enabled
5 Active OFF Active Active Disabled or enabled
6 Active OFF OFF Active Disabled or enabled
7 OFF RET OFF OFF Disabled or enabled
8 Standby Active Standby Active Disabled or enabled
9 Standby Active OFF Active Disabled or enabled
10 Standby RET Standby Active Disabled or enabled
11 Standby RET OFF Active Disabled or enabled
12 Standby OFF Standby Active Disabled or enabled
13 Standby OFF OFF Active Disabled or enabled
14 OFF OFF OFF OFF Disabled or enabled
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1.2.9 Host ARM Address Map

MPU Subsystem

Table 1-10. Address Map of the MPU Subsystem
Region ‘ Address Range ‘ Size
Internal Memory (Access not routed to external OCP ports)
Reserved 0x4000_0000 — 0x4001_FFFF 1MB
ROM (48 KB) 0x4002_0000 — 0x4002_BFFF
Reserved 0x4002_CO000 — 0x400F_FFFF
Reserved 0x4020_0000 — 0x402E_FFFF 1MB
SRAM (64 KB) 0x402F_0000 — 0x402F_FFFF
Internal Reserved (Audio Back-End port not implemented on device HASS)
Reserved | 0x4010_0000 — Ox401F_FFFF | 1MB
Private Peripheral Map (Access not routed to external OCP ports)
ARM Interrupt Controller (AINTC) 0x4820_0000 — 0x4820_OFFF 4KB
Reserved 0x4820_1000 — 0x4827_FFFF 508KB
Reserved 0x4828_1000 — 0x482F_FFFF 508KB
128-bit OCP Master Port 0 (to EMIFs via DMM)
EMIFO / EMIF1 CSO 0x8000_0000 — OXBFFF_FFFF 1GB
Reserved (EMIFO / EMIF1 CS1) 0xC000_0000 — OxFFFF_FFFF 1GB
64-bit OCP Master Port 1 (to L3)

Boot Space [1] 0x0000_0000 — Ox00FF_FFFF 1MB
L3 0x0000_0000 — Ox5FFF_FFFF (1.5GB — 1MB)
Tiler 0x6000_0000 — Ox7FFF_FFFF 256MB

1.2.10 ARM Programming Model

For detailed descriptions of registers used for MPU configuration, see the Power, Reset, and Clock
Management (PRCM) Module and the ARM Interrupt Controller (AINTC) chapters.

1.2.10.1 Clock Control
For clock configuration settings, see the Power, Reset, and Clock Management (PRCM) Module chapter

1.2.10.2 MPU Power Mode Transitions

The following subsections describe transitions of different power modes for MPU power domain:
» Basic power on reset

 MPU into standby mode

» MPU out of standby mode

* MPU power on from a powered off state

1.2.10.2.1 Basic Power-On Reset
The power on reset follows the following sequence of operation and is applicable to initial power-up and
wakeup from device off mode.

1. Reset the INTC (CORE_RST) and the MPU subsystem modules (MPU_RST). The clocks must be
active during the MPU reset and CORE reset.
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1.2.10.2.2 MPU Into Standby Mode

The MPU into standby mode follows the following sequence of operation and is applicable to initial power-
up and wakeup from device Off mode.

1. The ARM core initiates entering into standby via software only (CP15 - WFI).

2. MPU modules requested internally of MPU subsystem to enter idle, after ARM core standby detected.
3. MPU is in standby output asserted for the PRCM module (all outputs guaranteed to be at reset values).
4

. PRCM module can now request INTC to enter into idle mode. Acknowledge from INTC goes to the
PRCM module .

NOTE: The INTC SWAKEUP output is a pure hardware signal to PRCM module for the status of its
IDLE request and IDLE acknowledge handshake.

NOTE: In debug mode, ICE-Crusher could prevent MPU subsystem from entering into IDLE mode.

1.2.10.2.3 MPU Out Of Standby Mode

The MPU out of standby mode follows the following sequence of operation and is applicable to initial
power-up and wakeup from device Off mode.

1. PRCM module must start clocks through DPLL programming.
2. Detect active clocking via status output of DPLL.
3. Initiate an interrupt through the INTC to wake up the ARM core from STANDBYWFI mode.

1.2.10.2.4 MPU Power-On From a Powered-Off State

1. MPU Power On, NEON Power On, Core Power On (INTC) should follow the ordered sequence per
power switch daisy chain to minimize the peaking of current during power-up.

NOTE: The core domain must be on, and reset, before the MPU can be reset.

2. Follow the reset sequence as described in the Basic Power-On Reset section.

1.2.10.3 NEON Power Mode Transition

When NEON power domain transition is configured to Automatic Hardware-supervised mode
(CM_CLKSTCTRL_NEON][1:0] CLKTRCTRL_NEON bits are set to 0x3), it can not transition into idle
unless MPU goes into Standby, because of the Hardware Sleep dependency between NEON and the
MPU domain.

In that case, the MPU domain must also be configured in Automatic Hardware Supervised mode
(CM_CLKSTCTRL_MPUJ1:0] CLKTRCTRL_MPU bits must be set to 0x3) for the NEON power domain
transition to happen.

For a complete programming model and more information about the ARM Cortex-A8 processor, refer to
the ARM® Cortex®-A8 Technical Reference Manual.
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Memory Map Summary

1.3 Memory Map Summary

The device has multiple on-chip memories associated with its processors and various subsystems. To
help simplify software development a unified memory map is used where possible to maintain a consistent
view of device resources across all bus masters.

1.3.1 L3 Memory Map

The L3 high-performance interconnect is based on a Network-on-Chip (NoC) interconnect infrastructure.
The NoC uses an internal packet-based protocol for forward (read command, write command with data
payload) and backward (read response with data payload, write response) transactions. All exposed
interfaces of this NoC interconnect, both for targets and initiators, comply with the OCPIP2.2 reference

standard.

Table 1-11 shows the general device level-3 (L3) memory map. The table represents the physical
addresses used by the L3 infrastructure. Some processors within the device (such as Cortex-A8 ARM)
may re-map these targets to different virtual addresses through an internal or external MMU. Processors
without MMUs and other bus masters use these physical addresses to access L3 regions. Note that not all
masters have access to all L3 regions, but only those with defined connectivity. The L3 interconnect
returns an address-hole error if any initiator attempts to access a target to which it has no connection.

Table 1-11. L3 Memory Map

Block Name Start Address End Address Size Description
GPMC 0000 0000h 1FFF FFFFh 512MB | GPMC
PCle Gen2 2000 0000h 2FFF FFFFh 256MB | PCle Gen2 Targets
Reserved 3000 0000h 3FFF FFFFh 256MB | Reserved
Reserved 4000 0000h 402F FFFFh 3MB Reserved
L3 OCMCO 4030 0000h 4033 FFFFh 256KB | OCMC SRAM
Reserved 4034 0000h 403F FFFFh 768KB | Reserved (OCMC RAMO)
L3 OCMC1 4040 0000h 4043 FFFFh 256KB | OCMC SRAM
Reserved 4044 0000h 404F FFFFh 768KB | Reserved (OCMC RAM1)
Reserved 4050 0000h 407F FFFFh 3MB Reserved
Reserved 4080 0000h 4083 FFFFh 256KB | Reserved
Reserved 4084 0000h 40DF FFFFh 5888KB | Reserved
Reserved 40E0 0000h 40EO 7FFFh 32KB Reserved
Reserved 40E0 8000h 40EF FFFFh 992KB | Reserved
Reserved 40F0 0000h 40F0 7FFFh 32KB Reserved
Reserved 40F0 8000h 40FF FFFFh 992KB | Reserved
Reserved 4100 0000h 41FF FFFFh 16MB Reserved
Reserved 4200 0000h 43FF FFFFh 32MB Reserved
L3 CFG Registers 4400 0000h 44BF FFFFh 12MB L3 configuration registers
Reserved 44C0 0000h 45FF FFFFh 20MB Reserved
McASPO 4600 0000h 463F FFFFh 4MB McASPO
McASP1 4640 0000h 467F FFFFh 4MB McASP1
McASP2 4680 0000h 46BF FFFFh 4MB MCcASP2
HDMI 46C0 0000h 46FF FFFFh 4MB HDMI wrapper and core registers
McBSP 4700 0000h 473F FFFFh 4MB MCcBSP registers
USB2.0 4740 0000h A477F FFFFh 4MB USB2.0 registers/CPPI
Reserved 4780 0000h 47BF FFFFh 4MB Reserved
Reserved 47C0 0000h A7FF FFFFh 4MB Reserved
L4 Standard Domain 4800 0000h 48FF FFFFh 16MB L4 Standard Peripheral domain
(see Table 1-12)
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Table 1-11. L3 Memory Map (continued)

Block Name Start Address End Address Size Description
EDMA TPCC 4900 0000h 490F FFFFh 1MB EDMA CC registers
Reserved 4910 0000h 497F FFFFh 7™MB Reserved
EDMA TPTCO 4980 0000h 498F FFFFh 1MB EDMA TCO registers
EDMA TPTC1 4990 0000h 499F FFFFh 1MB EDMA TC1 registers
EDMA TPTC2 49A0 0000h 49AF FFFFh 1MB EDMA TC2 registers
EDMA TPTC3 49B0 0000h 49BF FFFFh 1MB EDMA TC3 registers
Reserved 49C0 0000h 49FF FFFFh 4MB Reserved
L4 High-Speed 4A00 0000h AAFF FFFFh 16MB L4 High-Speed Peripheral domain
Domain (see Table 1-13)
Instrumentation 4B00 0000h 4BFF FFFFh 16MB EMU Subsystem region
DDR EMIFO 4C00 0000h ACFF FFFFh 16MB Configuration registers
Registersw
DDR EMIF1 4D00 0000h ADFF FFFFh 16MB | Configuration registers
Registersm
DDR DMM 4E00 0000h AFFF FFFFh 32MB Configuration registers
Registersm
GPMC Registers 5000 0000h 50FF FFFFh 16MB Configuration registers
PCle Registers 5100 0000h 51FF FFFFh 16MB | Configuration registers
Reserved 5200 0000h 54FF FFFFh 48MB Reserved
Reserved 5500 0000h 55FF FFFFh 16MB | Reserved
SGX530 5600 0000h 56FF FFFFh 16MB | SGX530 Slave Port
Reserved 5600 0000h 56FF FFFFh 16MB | Reserved
Reserved 5700 0000h 57FF FFFFh 16MB Reserved
Reserved 5800 0000h 5BFF FFFFh 64MB | Reserved
Reserved 5C00 0000h 5DFF FFFFh 32MB | Reserved
Reserved 5E00 0000h 5FFF FFFFh 32MB Reserved
Tiler 6000 0000h 7FFF FFFFh 512MB | Virtual Tiled Address Space
DDR EMIF0/1 SDRAM 8000 0000h BFFF FFFFh 1GB DDR
@
DDR EMIFO0/1 C000 0000h FFFF FFFFh 1GB DDR
SDRAM®
DDR DMM 1 0000 0000h 1 FFFF FFFFh 4GB DDR DMM Tiler Extended address map —

Virtual Views (HDVPSS only)

@ These accesses occur through the DDR DMM Tiler Ports. The DMM will split address ranges internally to address DDR EMIF
and DDR DMM control registers.
@  DDR EMIFO and DDR EMIF1 addresses may be contiguous or bank interleaved depending on configuration of the DDR DMM;
for more details, see the DDR DMM documentation.
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1.3.2 L4 Memory Map

1.3.2.1 L4 Standard Peripheral

The L4 standard peripheral bus accesses standard peripherals and IP configuration registers. The
memory map is shown in Table 1-12.

Table 1-12. L4 Standard Peripheral Memory Map

Device Name Start Address End Address Size Description
L4 Standard 4800 0000h 4800 07FFh 2KB Address/Protection (AP)
Configuration 4800 0800h 4800 OFFFh 2KB | Link Agent (LA)
4800 1000h 4800 13FFh 1KB Initiator Port (1P0)
4800 1400h 4800 17FFh 1KB Initiator Port (IP1)
4800 1800h 4800 1FFFh 2KB Reserved (IP2-IP3)
Reserved 4800 2000h 4800 7FFFh 24KB Reserved
e-Fuse Controller 4800 8000h 4800 8FFFh 4KB Peripheral Registers
4800 9000h 4800 9FFFh 4KB Support Registers
Reserved 4800 A0O0Oh 4800 FFFFh 24KB Reserved
Reserved 4801 2000h 4801 FFFFh 56KB Reserved
UARTO 4802 0000h 4802 OFFFh 4KB Peripheral Registers
4802 1000h 4802 1FFFh 4KB Support Registers
UART1 4802 2000h 4802 2FFFh 4KB Peripheral Registers
4802 3000h 4802 3FFFh 4KB Support Registers
UART2 4802 4000h 4802 4FFFh 4KB Peripheral Registers
4802 5000h 4802 5FFFh 4KB Support Registers
Reserved 4802 6000h 4802 7FFFh 8KB Reserved
12C0 4802 8000h 4802 8FFFh 4KB Peripheral Registers
4802 9000h 4802 9FFFh 4KB Support Registers
12C1 4802 A00Oh 4802 AFFFh 4KB Peripheral Registers
4802 BOOOh 4802 BFFFh 4KB Support Registers
Reserved 4802 C0O00h 4802 DFFFh 8KB Reserved
TIMER1 4802 EO00Oh 4802 EFFFh 4KB Peripheral Registers
4802 FOOO0h 4802 FFFFh 4KB Support Registers
SPI 4803 0000h 4803 OFFFh 4KB Peripheral Registers
4803 1000h 4803 1FFFh 4KB Support Registers
GPIO0 4803 2000h 4803 2FFFh 4KB Peripheral Registers
4803 3000h 4803 3FFFh 4KB Support Registers
Reserved 4803 4000h 4803 7FFFh 16KB Reserved
McASPO 4803 8000h 4803 9FFFh 8KB Peripheral Registers
4803 A00Oh 4803 AFFFh 4KB Support Registers
Reserved 4803 BO0OOh 4803 BFFFh 4KB Reserved
McASP1 4803 C000h 4803 DFFFh 8KB Peripheral Registers
4803 EO00Oh 4803 EFFFh 4KB Support Registers
Reserved 4803 FOOOh 4803 FFFFh 4KB Reserved
TIMER2 4804 0000h 4804 OFFFh 4KB Peripheral Registers
4804 1000h 4804 1FFFh 4KB Support Registers
TIMER3 4804 2000h 4804 2FFFh 4KB Peripheral Registers
4804 3000h 4804 3FFFh 4KB Support Registers
TIMER4 4804 4000h 4804 4FFFh 4KB Peripheral Registers
4804 5000h 4804 5FFFh 4KB Support Registers
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Table 1-12. L4 Standard Peripheral Memory Map (continued)

Device Name Start Address End Address Size Description
TIMERS 4804 6000h 4804 6FFFh 4KB Peripheral Registers
4804 7000h 4804 7FFFh 4KB Support Registers
TIMERG6 4804 8000h 4804 8FFFh 4KB Peripheral Registers
4804 9000h 4804 9FFFh 4KB Support Registers
TIMER7 4804 A00Oh 4804 AFFFh 4KB Peripheral Registers
4804 BOOOh 4804 BFFFh 4KB Support Registers
GPIO1 4804 C000h 4804 CFFFh 4KB Peripheral Registers
4804 D0OO00Oh 4804 DFFFh 4KB Support Registers
Reserved 4804 EO0Oh 4804 FFFFh 8KB Reserved
MCcASP2 4805 0000h 4805 1FFFh 8KB Peripheral Registers
4805 2000h 4805 2FFFh 4KB Support Registers
Reserved 4805 3000h 4805 FFFFh 52KB Reserved
SD/SDIO 4806 0000h 4806 FFFFh 64KB Peripheral Registers
4807 0000h 4807 OFFFh 4KB Support Registers
Reserved 4807 1000h 4807 FFFFh 60KB Reserved
ELM 4808 0000h 4808 FFFFh 64KB Peripheral Registers
4809 0000h 4809 OFFFh 4KB Support Registers
Reserved 4809 1000h 480B FFFFh 188KB | Reserved
RTC 480C 0000h 480C OFFFh 4KB Peripheral Registers
480C 1000h 480C 1FFFh 4KB Support Registers
WDT1 480C 2000h 480C 2FFFh 4KB Peripheral Registers
480C 3000h 480C 3FFFh 4KB Support Registers
Reserved 480C 4000h 480C 7FFFh 16KB Reserved
Mailbox 480C 8000h 480C 8FFFh 4KB Peripheral Registers
480C 9000h 480C 9FFFh 4KB Support Registers
Spinlock 480C A000h 480C AFFFh 4KB Peripheral Registers
480C B00Oh 480C BFFFh 4KB Support Registers
Reserved 480C C000h 480F FFFFh 208KB | Reserved
HDVPSS 4810 0000h 4811 FFFFh 128KB | Peripheral Registers
4812 0000h 4812 OFFFh 4KB Support Registers
Reserved 4812 1000h 4812 1FFFh 4KB Reserved
HDMI PHY 4812 2000h 4812 2FFFh 4KB Peripheral Registers
4812 3000h 4812 3FFFh 4KB Support Registers
Reserved 4812 4000h 4813 FFFFh 112KB | Reserved
Control Module 4814 0000h 4815 FFFFh 128KB | Peripheral Registers
4816 0000h 4816 OFFFh 4KB Support Registers
Reserved 4816 1000h 4817 FFFFh 124KB | Reserved
PRCM 4818 0000h 4818 2FFFh 12KB Peripheral Registers
4818 3000h 4818 3FFFh 4KB Support Registers
Reserved 4818 4000h 4818 7FFFh 16KB Reserved
SmartReflex0 4818 8000h 4818 8FFFh 4KB Peripheral Registers
4818 9000h 4818 9FFFh 4KB Support Registers
SmartReflex1 4818 A00Oh 4818 AFFFh 4KB Peripheral Registers
4818 BOOOh 4818 BFFFh 4KB Support Registers
OCP Watchpoint 4818 C000h 4818 CFFFh 4KB Peripheral Registers
4818 D000 4818 DFFFh 4KB Support Registers
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Table 1-12. L4 Standard Peripheral Memory Map (continued)
Device Name Start Address End Address Size Description
Reserved 4818 EO00h 4818 EFFFh 4KB Reserved
4818 FOOO0h 4818 FFFFh 4KB Reserved
Reserved 4819 0000h 4819 OFFFh 4KB Reserved
4819 1000h 4819 1FFFh 4KB Reserved
Reserved 4819 2000h 4819 2FFFh 4KB Reserved
4819 3000h 4819 3FFFh 4KB Reserved
Reserved 4819 4000h 4819 4AFFFh 4KB Reserved
4819 5000h 4819 5FFFh 4KB Reserved
Reserved 4819 6000h 4819 6FFFh 4KB Reserved
4819 7000h 4819 7FFFh 4KB Reserved
DDRO PHY 4819 8000h 4819 8FFFh 4KB Peripheral Registers
4819 9000h 4819 9FFFh 4KB Support Registers
DDR1 PHY 4819 A00Oh 4819 AFFFh 4KB Peripheral Registers
4819 BOOOh 4819 BFFFh 4KB Support Registers
Reserved 4819 C000h 481F FFFFh 400KB | Reserved
Interrupt controller® 4820 0000h 4820 OFFFh 4KB Cortex-A8 Accessible Only
Reserved® 4820 1000h 4823 FFFFh 252KB | Cortex-A8 Accessible Only
MPUSS Configuration 4824 0000h 4824 OFFFh 4KB Cortex-A8 Accessible Only
register®
Reserved® 4824 1000h 4827 FFFFh 252KB | Cortex-A8 Accessible Only
Reserved® 4828 1000h 482F FFFFh 508KB | Cortex-A8 Accessible Only
Reserved 4830 0000h 48FF FFFFh 13MB Reserved

@ These regions are decoded internally by the Cortex-A8 Subsystem and are not physically part of the L4 standard. They are
included here only for reference when considering the Cortex-A8 memory-map. For masters other than the Cortex-A8, these
regions are reserved.
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1.3.2.2 L4 High-Speed Peripheral
The L4 high-speed peripheral bus accesses the IP configuration registers of high-speed peripherals in L3.

The memory map is shown in Table 1-13.

Table 1-13. L4 High-Speed Peripheral Memory Map

Device Name Start Address End Address Size Description
L4 High-Speed 4A00 0000h 4A00 07FFh 2KB Address/Protection (AP)
configuration 4A00 0800h 4A00 OFFFh 2KB | Link Agent (LA)
4A00 1000h 4A00 13FFh 1KB Initiator Port (IPO)
4A00 1400h 4A00 17FFh 1KB Initiator Port (IP1)
4A00 1800h 4A00 1FFFh 2KB Reserved (IP2—-IP3)
Reserved 4A00 2000h 4A07 FFFFh 504KB | Reserved
Reserved 4A08_0000h 4A0A_OFFFh 132KB | Reserved
Reserved 4A0A 1000h 4A0F FFFFh 380KB | Reserved
EMACO/MDIO 4A10 0000h 4A10 3FFFh 16KB Peripheral Registers
4A10 4000h 4A10 4FFFh 4KB Support Registers
Reserved 4A10 5000h 4A11 FFFFh 108KB | Reserved
EMAC1 4A12 0000h 4A12 3FFFh 16KB Peripheral Registers
4A12 4000h 4A12 AFFFh 4KB Support Registers
Reserved 4A12 5000h 4A13 FFFFh 108KB | Reserved
SATA 4A14 0000h 4A14 FFFFh 64KB Peripheral Registers
4A15 0000h 4A15 OFFFh 4KB Support Registers
Reserved 4A15 1000h 4A17 FFFFh 188KB | Reserved
Reserved 4A18 0000h 4A19 FFFFh 128KB | Reserved
4A1A 0000h 4A1A OFFFh 4KB Reserved
Reserved 4A1A 1000h AAFF FFFFh 14716KB | Reserved

1.3.3 TILER Extended Addressing Map

The Tiling and Isometric Lightweight Engines for Rotation (TILER) ports are mainly used for optimized 2-D
block accesses. The TILER also supports rotation of the image buffer at 0°, 90°, 180°, and 270°, with
vertical and horizontal mirroring.

The top 4-GB address space is divided into eight sections of 512MB each. These eight sections
correspond to the eight different orientations as shown in Table 1-14.

Table 1-14. TILER Extended Address Memory Map

Block Name Start Address End Address Size Description

Tiler View 0 1 0000 0000h 1 1FFF FFFFh 512MB | Natural 0° View

Tiler View 1 1 2000 0000h 1 3FFF FFFFh 512MB | 0° with Vertical Mirror View
Tiler View 2 1 4000 0000h 1 5FFF FFFFh 512MB | 0° with Horizontal Mirror View
Tiler View 3 1 6000 0000h 1 7FFF FFFFh 512MB | 180° View

Tiler View 4 1 8000 0000h 1 9FFF FFFFh 512MB | 90° with Vertical Mirror View
Tiler View 5 1 A00O 0000h 1 BFFF FFFFh 512MB | 270° View

Tiler View 6 1 C000 0000h 1 DFFF FFFFh 512MB | 90° View

Tiler View 7 1 EO00 0000h 1 FFFF FFFFh 512MB | 90° with Horizontal Mirror View
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1.3.4 Cortex-A8 Memory Map

The Cortex-A8 includes a memory management unit (MMU) to translate virtual addresses to physical
addresses which are then decoded within the Host ARM Subsystem. The subsystem includes its own
ROM and RAM, as well as configuration registers for its interrupt controller. These addresses are hard-
coded within the subsystem. In addition, the upper 2GB of address space is routed to a special port
(Master 0) intended for low-latency access to DDR memory. All other physical addresses are routed to the
L3 port (Master 1) where they are decoded by the device infrastructure. The Cortex-A8 memory map is

shown in Table 1-15.

Table 1-15. Cortex-A8 Memory Map

Region Name Start Address End Address Size Description
Boot Space 0000 0000h 000F FFFFh 1MB Boot Space
L3 Target Space 0000 0000h 1FFF FFFFh 512MB | GPMC
2000 0000h 2FFF FFFFh 256MB | PCle Gen2 Targets
3000 0000h 3FFF FFFFh 256MB | Reserved
ROM internalw 4000 0000h 4001 FFFFh 128KB | Reserved
4002 0000h 4002 BFFFh 48KB Public
4002 C000h 400F FFFFh 848KB | Reserved
Reservedw 4010 0000h 401F FFFFh 1MB Reserved
Reservedw 4020 0000h 402E FFFFh 960KB | Reserved
Reserved 402F 0000h 402F FFFFh 64KB Reserved
L3 Target Space 4030 0000h 4033 FFFFh 256KB | OCMC SRAM
4034 0000h 403F FFFFh 768KB | Reserved
4040 0000h 4043 FFFFh 256KB | OCMC SRAM
4044 0000h 404F FFFFh 768KB | Reserved
4050 0000h 407F FFFFh 3MB Reserved
4080 0000h 4083 FFFFh 256KB | Reserved
4084 0000h 40DF FFFFh 5888KB | Reserved
40E0 0000h 40EO 7FFFh 32KB Reserved
40EO0 8000h 40EF FFFFh 992KB | Reserved
40F0 0000h 40F0 7FFFh 32KB Reserved
40F0 8000h 40FF FFFFh 992KB | Reserved
4100 0000h 41FF FFFFh 16MB | Reserved
4200 0000h 43FF FFFFh 32MB | Reserved
4400 0000h 44BF FFFFh 12MB L3 configuration registers
44C0 0000h 45FF FFFFh 20MB | Reserved
4600 0000h 463F FFFFh 4MB McASPO
4640 0000h 467F FFFFh 4MB McASP1
4680 0000h 46BF FFFFh 4MB MCcASP2
46C0 0000h 46FF FFFFh 4MB HDMI 1.3 Tx
4700 0000h 473F FFFFh 4MB McBSP
4740 0000h 477F FFFFh 4MB USB2.0 Registers/CPPI
4780 0000h 47BF FFFFh 4MB Reserved
47C0 0000h 47FF FFFFh 4MB Reserved
4800 0000h 481F FFFFh 2MB Standard Peripheral domain (see Table 1-12)
ARM Subsystem 4820 0000h 4820 OFFFh 4KB Cortex-A8 Interrupt Controller
INTCo
Reservedw 4820 1000h 4823 FFFFh 252KB | Reserved
Reservedw 4824 1000h 4827 FFFFh 252KB | Reserved

@ These addresses are decoded within the Cortex-A8 subsystem.
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Table 1-15. Cortex-A8 Memory Map (continued)

Region Name Start Address End Address Size Description
L3 Target Space 4830 0000h 48FF FFFFh 13MB Standard Peripheral domain (see Table 1-12)
4900 0000h 490F FFFFh 1MB EDMA TPCC Registers
4910 0000h 497F FFFFh 7MB Reserved
4980 0000h 498F FFFFh 1MB EDMA TPTCO Registers
4990 0000h 499F FFFFh 1MB EDMA TPTC1 Registers
49A0 0000h 49AF FFFFh 1MB EDMA TPTC2 Registers
49B0 0000h 49BF FFFFh 1MB EDMA TPTC3 Registers
49C0 0000h 49FF FFFFh 4MB Reserved
4A00 0000h 4AFF FFFFh 16MB High-Speed Peripheral domain
(see Table 1-13)

4B00 0000h 4BFF FFFFh 16MB EMU Subsystem region
4C00 0000h 4ACFF FFFFh 16MB | DDR EMIF0®@ Configuration registers
4D00 0000h 4ADFF FFFFh 16MB | DDR EMIF1® Configuration registers
4E00 0000h 4FFF FFFFh 32MB | DDR DMM® Configuration registers
5000 0000h 50FF FFFFh 16MB GPMC Configuration registers
5100 0000h 51FF FFFFh 16MB PCIE Configuration registers
5200 0000h 55FF FFFFh 64MB | Reserved
5600 0000h 56FF FFFFh 16MB | SGX530 Slave Port
5600 0000h 56FF FFFFh 16MB | Reserved
5700 0000h 57FF FFFFh 16MB | Reserved
5800 0000h 5FFF FFFFh 128MB | Reserved
6000 0000h 7FFF FFFFh 512MB | TILER Window

DDR EMIF0/1 8000 0000h BFFF FFFFh 1GB DDR

SDRAM®®
DDR EMIF0/1 C000 0000h FFFF FFFFh 1GB DDR
SDRAM®®)

@ These accesses occur through the DDR DMM TILER ports. The DDR DMM splits address ranges internally to address DDR

EMIF and DDR DMM control registers based on DDR DMM tie-offs.

©®  These addresses are routed to the Master 0 port for direct connection to the DDR DMM ELLA port.
“  DDR EMIFO0 and DDR EMIF1 addresses may be contiguous or bank interleaved, depending on configuration of the DDR DMM.
®  These addresses are routed to the Master 0 port for direct connection to the DDR DMM ELLA port.
® DDR EMIF0 and DDR EMIF1 addresses may be contiguous or bank interleaved, depending on configuration of the DDR DMM.
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1.4 System MMU

1.4.1 MMU Overview

A memory management unit (MMU) is a hardware component responsible for handling accesses to
memory requested by a processing unit. MMU functions include translation of virtual addresses to physical
addresses (that is, virtual memory management).

The device contains the following MMUs:

* L1 Shared cache MMU

* ARM® Cortex®-A8 MMU

» SGX530 MMU

This section provides a detailed description of the System MMU. For more details on the Cortex-A8 MMU,
refer to the ARM® Cortex®-A8 Technical Reference Manual.

1.4.2 MMU Integration
This section describes module integration in the device.

The MMU communicates accesses from the requestor (or Cortex-A8 MPU) to the L3 main interconnect,
performing virtual to physical address translation. All MMUs are programmed (configured) through the L3
interconnect. For MMU interrupt details, refer to the device datasheet.

Figure 1-7 shows typical MMU integration.

Figure 1-7. Typical MMU Integration
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1.4.3 MMU Functional Description

1.4.3.1 MMU Block Diagram

The MMU manages the virtual to physical address translation for external addresses, as well as
endianness conversion. The MMU can be programmed through the L4 interconnect.

Figure 1-8. MMU Block Diagram

Virtual Memory Physical Memory
Space MMU Space
» (2]
Q ?
n (2]
2 o
L Translation Look-aside 5
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2 P> Buffer p < >
§ (TLB) 8
£ 2
> y o
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Table Walking Logic |« Translation Tables

Each table entry describes the translation of one contiguous memory region. For a description of the
structure of these tables, see Translation Tables.

Two major functional units exist in the MMU to provide address translation automatically based on the
table entries:

» The table walker automatically retrieves the correct translation table entry for a requested translation. If
two-level translation is used (for the translation of small memory pages), the table walker also
automatically reads the required second-level translation table entry. The two-level translation is
described later in this section.

» The translation look-aside buffer (TLB) stores recently used translation entries, acting like a cache of
the translation table.

1.4.3.1.1 MMU Address Translation Process

Whenever an address translation is requested (that is, for every access with the MMU enabled), the MMU
first checks whether the translation is contained in the TLB, which acts like a cache storing recent
translations. The TLB can also be programmed manually to ensure that time-critical data can be translated
without delay.

If the requested translation is not in the TLB, the table-walking logic retrieves this translation from the
translation table(s), and then updates the TLB. The address translation is then performed. Figure 1-9
summarizes the process.
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Figure 1-9. MMU Address Translation Process
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1.4.3.1.2 Translation Tables

The translation of virtual to physical addresses is based on entries in translation tables that define the
following properties:

» Address translation, that is, the correspondence between virtual and physical addresses
» Size of the memory region the entry translates
» Endianness, data access size, and the mixed property of this memory region

The virtual addresses index the translation tables. Each virtual address corresponds to exactly one entry
in the translation table.

1.4.3.1.2.1 Translation Table Hierarchy

When developing a table-based address translation scheme, one of the most important design parameters
is the memory page size described by each translation table entry. MMU instances support 4KB and 64KB
pages, a 1MB section, and a 16MB supersection. Using bigger page sizes means a smaller translation
table.

Using a smaller page size greatly increases the efficiency of dynamic memory allocation and
defragmentation. That is why many operating systems (OSs) can operate on memory blocks as small as
4KB; however, the smaller size implies a more complex table structure.

A quick calculation shows that using 4KB memory pages with one translation table would require one
million entries to span the entire 4GB address range. The table itself would be 32MB, a size that is not
feasible.

However, using bigger pages greatly reduces the functionality of the typical OS memory management.
Implementing a two-level hierarchy reconciles these two requirements. Within this hierarchy, one first-level
translation table describes the translation properties based on 1IMB memory regions.

Each of the entries in this first-level translation table can specify the following:

» The translation properties for a big memory section. This memory section can be either 1MB (section)
or 16MB (supersection). In this case, all translation parameters are specified in the first-level
translation table entry.
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» A pointer to a second-level translation table that specifies individual translation properties based on
smaller pages within the 1MB page of memory. These pages can be either 64KB (large page) or 4KB

(small page). In this case, the actual translation parameters are specified in the second-level
translation table entry. The first-level translation table entry specifies only the base address of the

second-level translation table.
This hierarchical approach means that additional translation information for smaller pages must be
provided only when the pages are actually used.

Figure 1-10. Translation Hierarchy

First-level translation table

Virtual address Section ——— ¥ Translation result

Second-level translation table

— Page —p Translation result

The structure of the first and second-level translation tables and their entries are described in more detail
in First-Level Translation Table and Two-Level Translation.

1.4.3.1.2.2 First-Level Translation Table

The first-level translation table describes the translation properties for 1IMB sections. To describe a 4GB
address range requires 4096 32-bit entries (so-called first-level descriptors).

The first-level translation table start address must be aligned on a multiple of the table size with a 128-
byte minimum. Consequently, an alignment of at least 16K bytes is required for a complete 4096-entry
table; that is, at least the last fourteen address bits must be zero.

The start address of the first-level translation table is specified by the so-called translation table base. The
table is indexed by the upper 12-bits of the virtual address.
Figure 1-11. First-Level Descriptor Address Calculation

Translation table base

[

First-level translation table

Table index

First-level descriptor

To summarize, the translation table base and the translation table index together define the first-level
descriptor address. The precise mechanism used to calculate this address is shown in Figure 1-12.
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Figure 1-12. Detailed First-Level Descriptor Address Calculation

Translation table base address

31 14] 13 7looo00000
Virtual address
31 25|24 20[19 0
31 14|13 716 2|10
First-level descriptor address 00

As an example of this mechanism, consider a translation table base address of 0x8000:0000 and a virtual
address of 0x1234:5678. In this case, the first-level descriptor address is:

0x8000:0000 + (0x123 <<2) = 0x8000:048C.
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1.4.3.1.2.3 First-Level Descriptor Format

Each first-level descriptor provides either the complete address translation for 1IMB or 16MB sections or
provides a pointer to a second-level translation table for 4KB or 64KB pages.

Table 1-16. First-Level Descriptor Format

31:24 |2320| 19 | 18 | 17 | 16 | 15 |1412[11:0] 92 [1]0
X 0| 0 | Fault
Second-level Translation Table Base Address X 0| 1|Page
Section Base Address X 0 M X E X ES X 1| 0 | Section
Super Section base Address X 1 M X E X ES X 1| O | Supersectio
n
X 1|1 |Fault

M = Mixed region: Don't care when E = 0. Set to 0 to ensure future compatibility.

E = Endianness: Set to O for little-endian. Big-endian mode is not supported.

ES = Element Size: Don't care when E = 0. Set to 00 to ensure future compatibility.
X = Don't care. Set to 0 to ensure future compatibility.

1.4.3.1.2.4 First-Level Page Descriptor Format

If a translation granularity smaller than 1MB is required, a two-level translation process is used. In this
case, the first-level block descriptor specifies only the start address of a second-level translation table.
The second-level translation table entries specify the actual translation properties.

1.4.3.1.2.5 First-Level Section Descriptor Format

Each section descriptor in the first-level translation table specifies the complete translation properties for a
1MB section or a 16MB supersection.

NOTE: Supersection descriptors must be repeated 16 times, because each descriptor in the first-
level translation table describes 1MB of memory. If an access points to a descriptor that is
not initialized, the MMU will behave in an unpredictable way.

In addition to the address translation itself, three parameters are specified in the section descriptors:

* Endianness - The endianness parameter specifies whether the memory section uses a big- or little-
endian data format. This parameter is locked to little endian. Big-endian mode is not supported.

« Element Size - The element size parameter can optionally specify the data access size (8, 16, or
32 bits) for all data items in the defined section.

* Mixed Region - The mixed region parameter specifies whether the information about the data access
size is detected from the access itself (access-based detection) or if the specified element size
parameter is used (page-based detection). For example, the specified element size parameter can be
used when several smaller sized accesses are packed into a bigger sized access, such as two 16-bit
accesses packed into one 32-bit access. In this case, with no specified data access size, 32 bits would
be the access size detected, leading to an incorrect result. To avoid this problem, specify the data
access size for the memory section.
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1.4.3.1.2.6 Section Translation Summary
Sections and supersections can be translated based solely on the information in the first-level translation
table.

Figure 1-13. Section Translation Summary

Virtual Address
31 20|19

First-level TranslationTable

Table Index

N Section Base Address
(From First-level Descriptor)

31 2019
Physical Address

1.4.3.1.2.7 Supersection Translation Summary

The translation of a supersection is similar to the translation of a section. The difference is that for a
supersection only bits 31 to 24 index into the first-level translation table. The last four bits of the table
index are implicitly assumed to be zero as there are 16 identical consecutive entries for a supersection.

Figure 1-14. Supersection Translation Summary

Virtual address

31 24|23

First-level translation table

Table index

Ly Supersection base address
(From first-level descriptor)

31 24|23

Physical address
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1.4.3.1.2.8 Two-Level Translation

Two-level translation is used when fine-grain granularity is required, that is, when memory sections
smaller than 1MB are needed. In this case, the first-level descriptor provides a pointer to the base address
of a second-level translation table. This second-level table is indexed by bits 19 to 12 of the virtual
address.

Figure 1-15. Two-Level Translation

Virtual address

31

20 [ 19 12|11 0

First-level table index

First-level translation table

Second-level table index

First-level descriptor

- Second-level translation table

Second-level descriptor

»
> Ll

Each second-level translation table describes the translation of 1MB of address space in pages of 64KB
(large page) or 4KB (small page). It consists of 256 second-level descriptors describing 4KB each.

NOTE: In the case of a large page, the same descriptor must be repeated 16 times. If an access
points to a descriptor that is not initialized, the MMU will behave in an unpredictable way."
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1.4.3.1.2.9 Second-Level Descriptor Format

Similar to first-level section descriptors, second-level descriptors provide all of the necessary information
for the translation of a large or small page. The translation parameters (endianness, element size, and

mixed region) have the same meaning as those for sections.

Table 1-17. Second-Level Descriptor Format

31:16 (1512 11 [ 10 | 9 | 86 | 54 | 32 [1]o0
X 0 | O |Fault
Large Page Base Address ‘ X M X E X ES X 0 | 1 |Large Page
Small Page Base Address M X E X ES X 1 | X | Small Page

M = Mixed region: Don't care when E = 0. Set to 0 to ensure future compatibility.
E = Endianness: Set to O for little-endian. Big-endian mode is not supported

ES = Element Size: Don't care when E = 0. Set to 00 to ensure future compatibility
X = Don't care. Set to 0 to ensure future compatibility.

Figure 1-16. Small Page Translation Summary
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1.4.3.1.2.10 Large Page Translation Summary

The translation of a large page is similar to the translation of a small page. The difference is that, for a
large page, only bits 19 to 16 index into the second-level translation table. The last four bits of the table
index are implicitly assumed to be zero as there are 16 identical consecutive entries for a large page.

Figure 1-17. Large Page Translation Summary
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1.4.3.1.3 Translation Lookaside Buffer

Translating virtual addresses to physical addresses is required for each memory access in systems using
an MMU. To accelerate this translation process, a cache, or TLB, holds the result of recent translations.

For every translation, the MMU internal logic first checks whether the requested translation is already
cached in the TLB. If the translation is cached, this translation is used; otherwise the translation is
retrieved from the translation tables and the TLB is updated. If the TLB is full, one of its entries must be
replaced. This entry is selected on a random basis.

The first n TLB entries, where n < Total Number N of TLB Entries , can be protected (locked) against
being overwritten by setting the TLB base pointer to n . When this mechanism is used, only unprotected
entries can be overwritten. The victim pointer indicates the next TLB entry to be written. Figure 1-18
shows an example of the TLB with N TLB entries (ranging from 0 to N-1). The base pointer contains the

value "3" protecting Entry 0, Entry 1, and Entry 2 and the victim pointer points to the next TLB entry to be
updated.

NOTE: The last TLB entry (Entry N-1) always remains unprotected.

Figure 1-18. TLB-Entry Lock Mechanism

TLB
Entry N-1
Victim pointer
Entries 3 through N-1
N NR can be overwritten
Base pointer
Entry 3
Entry 2
Entries 0, 1, and 2
Entry 1 are locked
Entry O

The table walking logic automatically writes the TLB entries. The entries can also be manually written,
which is done typically to ensure that the translation of time-critical data accesses is already present in the

TLB so that they execute as fast as possible. The entries must be locked to prevent them from being
overwritten.

1.43.1.3.1 TLB Entry Format
TLB entries consist of two parts:

» The CAM part contains the virtual address tag used to determine if a virtual address translation is in
the TLB. The TLB acts like a fully associative cache addressed by the virtual address tag. The CAM
part also contains the section/page size, as well as the preserved and the valid parameters. See the
register table for more details.

 The RAM part contains the address translation that belongs to the virtual address tag as well as the
endianness, element size, and mixed parameters described in First-Level Translation Table. See the
MMU_RAM register table for more details.

The valid parameter specifies whether an entry is valid or not. The preserved parameter determines the
behavior of an entry in the event of a TLB flush. If an entry is set as preserved, it is not deleted when a
TLB is flushed, that is, when [0] GLOBALFLUSH is set to 1. Preserved entries must be deleted manually.
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Figure 1-19. TLB-Entry Structure
CAM part RAM part
Virtual address tags Preserved bits Valid bits Size Physical address tags Endianness Element size Mixed bit
Virtual address tag N—1 P \Y S Physical address tag N—1 E ES M
Virtual address tag 1 P V S Physical address tag 1 E ES M
Virtual address tag 0 P \% S Physical address tag 0 E ES M
0 = nonpreserved 0 = not valid 00 = 1MB 0 = little endian Set to 00 Set to 0.
1 = preserved 1 = valid 01 = 64KB
10 = 4KB
11 =16MB
Virtual address tag Physical address tag

1.4.3.2 MMU Clock Configuration

There are two clock domains: The functional clock domain for the MMU, which is synchronous to the clock
for the interconnect slave and master access ports; and the clock domain for the interconnect slave
configuration port. As these clocks are matched, there is a single input clock with enables for each of the
clock domains. If a clock domain should run at the same frequency as the input clock, that enable can be
tied high.

Two clock enable signals exist, one to enable the interconnect data master and slave ports, and the other
to enable the clock on the configuration L3 interconnect port. The clock signals are configured through the
MMU_SYSCONFIG register. This is a system configuration register that controls the various parameters
of the L3 interface.

1.4.3.3 MMU Software Reset

This section describes the software reset feature of the module. The MMU instances are reset together
with their respective reset domains. See table Clocks and Resets for information about the reset domains
of the different MMU instances.

To perform a software reset, write 1 in the MMU_SYSCONFIG[1] SOFTRESET bit. When the software
reset completes, the MMU_SYSCONFIG[1] SOFTRESET bhit is automatically reset. The software must
ensure that the software reset completes before doing MMU operations. When an MMU instance is
released from reset, its TLB is empty and the MMU is disabled.

1.43.4 MMU Power Management

As part of the device system-wide power management scheme, each MMU instance supports a
communication protocol with the PRCM module that allows the PRCM module to request an MMU
instance to enter a low-power state. When the MMU instance acknowledges a low-power mode request
from the PRCM module, the clock to the instance is gated off at the PRCM clock generator. Because the
clock is disabled at the source, the low-power mode offers lower power consumption than the internal
clock gating method in the local power management.
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1.4.3.5 MMU Local Power Management Features

Table 1-18. MMU Local Power Management Features

Feature Register

Idle modes MMU_SYSCONFIG[4:3] IDLEMODE
Clock activity MMU_SYSCONFIG[9:8] CLOCKACTIVITY
Clock autogating MMU_SYSCONFIG[0] AUTOIDLE

NOTE: The MMU_SYSCONFIG[9:8] CLOCKACTIVITY bits are read only.

1.43.6 MMU Interrupt Requests

Table 1-19. Events

Event Flag Event Mask Synchronous Sensitivity Map to Description

MMU_IRQSTATUS[4] MMU_IRQENABLE[4] Yes Level M3_IRQ_O | Error in the L2 MMU due to multiple matches
MULTIHITFAULT MULTIHITFAULT in the TLB

MMU_IRQSTATUSI3] MMU_IRQENABLE[3] Yes Level M3_IRQ_O | Error in the L2 MMU due to error response
TABLEWALKFAULT TABLEWALKFAULT received during a Table Walk
MMU_IRQSTATUS|2] MMU_IRQENABLE[2]

EMUMISS EMUMISS

MMU_IRQSTATUSJ1] MMU_IRQENABLE[1] Yes Level M3_IRQ_O | Error in the L2 MMU due to invalid descriptor
TRANSLATIONFAULT TRANSLATIONFAULT in the translation tables (translation fault)
MMU_IRQSTATUS[0] MMU_IRQENABLE[0] Yes Level M3_IRQ_O | Error in L2 MMU due to unrecoverable TLB
TLBMISS TLBMISS miss (hardware TWL disabled)

1.4.3.7 MMU Error Handling

Table 1-20. Error Handling

Item

Condition

Action

Table-walk read has an error response.

Treat generally the same as a translation fault, but set
the TableWalkFault interrupt status bit to aid in diagnosis

MMU is disabled during table-walk.

Not permitted; can result in loss of the current transaction
but must not deadlock the MMU.

Avoid this condition by first disabling the table-walk logic
and then polling the TWLRunning bit to ensure that no
table walk is pending.

MMU is disabled during an address translation.

Not permitted; can result in access to an unintended
location, but must not deadlock MMU.

This condition should be avoided by ensuring that no
accesses are pending.

TLB is accessed during an address translation or a table
walk.

Reading permitted; write should be done with care to
ensure that the TLB is self-consistent at all times that a
translation can occur.

TLB is flushed during address translation or a table walk.

Permitted; the flush is processed first, followed by the
TWL update.

MMU is disabled while an interrupt is pending.

Not permitted; all pending interrupts should be processed
before disabling the MMU.
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144

L3 Interconnect configuration port: Accesses to undecoded register addresses must not give an error
response.

To protect against changes to the address translation between a READEX and the corresponding write or
during a burst the following configuration operations are protected against writes during these processes:
1. TLB update

2. Global flush

3. Flush entry

4. MMU disable

The protection is implemented by stalling the configuration interconnect transaction until the write can
proceed safely.

MMU Low-level Programming Models

This section covers the low-level hardware programming sequences for configuration and usage of the
module.

1.4.41 MMU Global Initialization

1.4.4.1.1 Subsequence - Configure a TLB entry

Table 1-21. Configure a TLB Entry

Step Register / Bitfield / Programming Model Value
Load the Virtual Address Tag MMU_CAM[31:12] VATAG 0x-
Protect the TLB entry against flush MMU_CAM[3] P 0x1
Validate the TLB entry MMU_CAM[2] V 0x1
Define the page size MMU_CAM[1:0] PAGESIZE 0x-

1.4.4.2 Operational Modes Configuration

1.4.4.2.1 Main Sequence - Writing TLB Entries Statically

Writing TLB entries statically avoids the need to write translation tables in memory and is commonly used
for relatively small address spaces. This method ensures that the translation of time-critical data accesses
execute as fast as possible with entries already present in the TLB. These entries must be locked to
prevent them from being overwritten.

Table 1-22. MMU Writing TLB Entries Statically

Step Register/ Bitfield / Programming Model Value
Execute software reset MMU_SYSCONFIG[1] SOFTRESET 0x1
Wait for reset to complete MMU_SYSSTATUS|[0] RESETDONE 0x1
Enable power saving via automatic interface clock gating | MMU_SYSCONFIG[0] AUTOIDLE 0x1
Configure TLB entries Refer to table Configure a TLB Entry
Load the physical Address of the page MMU_RAM[31:12] PHYSICALADDRESS 0x-
Define the endianness of the page (little endian or big MMU_RAM[9] ENDIANNESS 0x-
endian)
Select the element size MMU_RAM[8:7] ELEMENTSIZE 0x-
Define mixed page attribute MMU_RAM[6] MIXED 0x-
Specify the TLB entry you want to write MMU_LOCK][8:4] CURRENTVICTIM 0x-
Load the specified entry in the TLB MMU_LD_TLB[O] LDTLBITEM 0x1
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Table 1-22. MMU Writing TLB Entries Statically (continued)
Step Register/ Bitfield / Programming Model Value
Enable multihit fault and TLB miss MMU_IRQENABLE[4] MULTIHITFAULT 0x1
MMU_IRQENABLE[0] TLBMISS 0x1
Enable memory translations MMU_CNTL[1] MMUENABLE 0ox1

1.4.4.2.2 Main Sequence - Protecting TLB Entries

The first n TLB entries (with n < total number of TLB entries) can be protected from being overwritten with
new translations. This is useful to ensure that certain commonly used or time-critical translations are
always in the TLB and do not require retrieval using the table walking process.

Table 1-23. Protecting TLB Entries

Step

Register / Bitfield / Programming Model

Value

Locks the TLB entries

MMU_LOCK]14:10] BASEVALUE

Ox-

1.4.4.2.3 Main Sequence - Deleting TLB Entries

Two mechanisms exist to delete TLB entries. All unpreserved TLB entries, that is, TLB entries written with
the preserved bit set to zero, can be deleted by invoking a TLB flush. The preserved bit should only be
used on protected TLB entries, as it does not prevent replacement by the table walking logic.

Table 1-24. Deleting TLB Entries

Step Register / Bitfield / Programming Model Value
Flush all nonprotected TLB entries MMU_GFLUSH[0] GLOBALFLUSH 0x1
Flush all TLB entries specified by the CAM register MMU_FLUSH_ENTRY[0] FLUSHENTRY 0x1
1.4.4.2.4 Main Sequence - Read TLB Entries
TLB entries can be read by the programmer to determine the TLB content at runtime.
Table 1-25. Read TLB Entries

Step Register / Bitfield / Programming Model Value
Set the current victim pointer MMU_LOCK][8:4] CURRENTVICTIM 0x-

Read RAM parts of the TLB entry

MMU_READ_RAM

Read CAM parts of the TLB entry

MMU_READ_CAM
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1.4.4.3 Recovery from a TLB Miss Error

It is possible for the DMMU to hang when used in Table-Walk Mode.

The following procedure must be considered for recovery from a TLB Miss Error:

1.
2.

Read MMU_FAULT_AD[31:0] FAULTADDRESS to get the misdefined virtual address value.

Write the physical address (corresponding to the misdefined virtual address derived in 1.) in the
MMU_RAM[31:12]PHYSICALADDRESS register

Fault virtual address bits [31:12] reported in MMU_FAULT_AD[31:0] are copied to
MMU_CAM[31:12]VATAG bit field.

Write OxC in MMU_CAM][3:0] bits. This means:

+ Pissetto1to preserve entry

 Vissetto 1 to validate entry

* [1:.0]PAGESIZE = 0x0 for a 1 MiB sized section

Read MMU_IRQSTATUS register.

Write the value from step 5. into the same (MMU_IRQSTATUS) register to clear the error.
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1.45 MMU Registers

Table 1-26 provides a summary of the MMU registers. For the base address of these registers, see

Table 1-12.

Table 1-26. MMU Registers

Address Offset  Acronym Type Section
00h MMU_REVISION R Section 1.4.5.1
10h MMU_SYSCONFIG RW Section 1.4.5.2
14h MMU_SYSSTATUS R Section 1.4.5.3
18h MMU_IRQSTATUS RW Section 1.4.5.4
1Ch MMU_IRQENABLE RW Section 1.4.5.5
40h MMU_WALKING_ST R Section 1.4.5.6
44h MMU_CNTL RW Section 1.4.5.7
48h MMU_FAULT_AD R Section 1.4.5.8
4Ch MMU_TTB RW Section 1.4.5.9
50h MMU_LOCK RW Section 1.4.5.10
54h MMU_LD_TLB RW Section 1.4.5.11
58h MMU_CAM RW Section 1.4.5.12
5Ch MMU_RAM RW Section 1.4.5.13
60h MMU_GFLUSH RW Section 1.4.5.14
64h MMU_FLUSH_ENTRY RW Section 1.4.5.15
68h MMU_READ_CAM R Section 1.4.5.16
6Ch MMU_READ_RAM R Section 1.4.5.17
70h MMU_EMU_FAULT_AD R Section 1.4.5.18
80h MMU_FAULT_PC R Section 1.4.5.19

1.45.1 MMU_REVISION
The MMU_REVISION register is shown in Figure 1-20 and described in Table 1-27.

Figure 1-20. MMU_REVISION

31 0
REVISION
R-20h
LEGEND: R = Read only; -n = value after reset
Table 1-27. MMU_REVISION Field Descriptions

Bit Field Value | Description

31-0 REVISION 20h IP Revision.
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1.45.2 MMU_SYSCONFIG
The MMU_SYSCONFIG register is shown in Figure 1-21 and described in Table 1-28.
Figure 1-21. MMU_SYSCONFIG
31 16
‘ Reserved ‘
R-0
15 10 9 8 7 5 4 3 2 1 0
’ Reserved CLOCKACTIVITY Reserved IDLEMODE Reserved SOFTRESET AUTOIDLE |
R-0 R/W-0 R-0 R/W-0 R-0 R/W-0 R/W-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 1-28. MMU_SYSCONFIG Field Descriptions
Bit Field Value | Description
31-10 | Reserved 0 Write O's for future compatibility; reads returns 0.
9-8 CLOCKACTIVITY 0 Clock activity during wake-up mode 00 Functional and Interconnect clocks can be switched
off.
7-5 Reserved 0 Write O's for future compatibility; reads returns 0.
4-3 IDLEMODE Idle Mode
0 Force-idle. An idle request is acknowledged unconditionally.
1h No-idle. An idle request is never acknowledged.
2h Smart-idle. Acknowledgment to an idle request is given based on the internal activity of the
module.
3h Reserved
Reserved 0 Write O's for future compatibility; reads returns 0.
SOFTRESET Software reset. This bit is automatically reset by the hardware. During reads, it always
returns 0.
0 Read: always return O
1 Read: never happens
0 Write: no functional effect
1 Write: The module is reset
0 AUTOIDLE Internal interconnect clock gating strategy.
0 Interconnect clock is free-running.
Automatic interconnect clock gating strategy is applied, based on the interconnect interface
activity.
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1.45.3 MMU_SYSSTATUS

The MMU_SYSSTATUS register is shown in Figure 1-22 and described in Table 1-29.

Figure 1-22. MMU_SYSSTATUS
31 1 0
Reserved RESETDONE
R-0 R-0

LEGEND: R = Read only; -n = value after reset

Table 1-29. MMU_SYSSTATUS Field Descriptions

Bit Field Value | Description
31-1 Reserved 0 Reads returns 0.
0 RESETDONE Internal reset monitoring.

Internal module reset is on-going.
Reset completed.
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1.454 MMU_IRQSTATUS
The MMU_IRQSTATUS register is shown in Figure 1-23 and described in Table 1-30.

Figure 1-23. MMU_IRQSTATUS
31 16
‘ Reserved ‘
R-0

15 5 4 3 2 1 0
’ Reserved MULTIHITFAULT TABLEWALKFAULT EMUMISS TRANSLATIONFAULT TLBMISS ‘
R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-30. MMU_IRQSTATUS Field Descriptions

Bit Field Value | Description

31-5 Reserved 0 Write O's for future compatibility; reads returns 0.
4 MULTIHITFAULT Error due to multiple matches in the TLB.

Read: MultiHitFault is false.

Read: MultiHitFault is true ("pending").

Write: MultiHitFault status bit is unchanged.
Write: MultiHitFault status bit is reset.

3 TABLEWALKFAULT Error response received during a Table Walk.
Read: TableWalkFault is false.

Read: TableWalkFault is true ("pending").

= O|lFr O

Write: TableWalkFault status bit is unchanged.

Write: TableWalkFault status bit is reset.

2 EMUMISS Unrecoverable TLB miss during debug (hardware TWL disabled).
Read: EMUMiss is false.

Read: EMUMiss is true ("pending").

Write: EMUMIiss status bit is unchanged.

Write: EMUMiss status bit is reset.

1 TRANSLATIONFAULT Invalid descriptor in translation tables (translation fault).

Read: TranslationFault is false.

= O|lFr O

= O|lFr O

Read: TranslationFault is true ("pending”).

Write: TranslationFault status bit is unchanged.

= O|lFr O

Write: TranslationFault status bit is reset.

0 TLBMISS Unrecoverable TLB miss (hardware TWL disabled).
Read: TLBMiss is false.

Read: TLBMiss is true ("pending").

Write: TLBMiss status bit is unchanged.
Write: TLBMiss status bit is reset.

= O|lFr O
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1.455 MMU_IRQENABLE
The MMU_IRQENABLE register is shown in Figure 1-24 and described in Table 1-31.
Figure 1-24. MMU_IRQENABLE
31 16
‘ Reserved ‘
R-0
15 5 4 3 2 1 0
] Reserved MULTIHITFAULT TABLEWALKFAULT EMUMISS TRANSLATIONFAULT TLBMISS \
R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-31. MMU_IRQENABLE Field Descriptions

Bit Field Value | Description
31-5 Reserved 0 Write O's for future compatibility; reads returns 0.
4 MULTIHITFAULT Error due to multiple matches in the TLB.
0 MultiHitFault is masked.
MultiHitFault event generates an interrupt if occurs.
3 TABLEWALKFAULT Error response received during a Table Walk.
0 TableWalkFault is masked.
TableWalkFault event generates an interrupt if occurs.
2 EMUMISS Unrecoverable TLB miss during debug (hardware TWL disabled).
0 EMUMIiss interrupt is masked.
EMUMIiss event generates an interrupt when it occurs.
1 TRANSLATIONFAULT Invalid descriptor in translation tables (translation fault).
0 TranslationFault is masked.
TranslationFault event generates an interrupt if occurs.
0 TLBMISS Unrecoverable TLB miss (hardware TWL disabled).
0 TLBMiss interrupt is masked.
TLBMiss event generates an interrupt when if occurs.

SPRUGX7C-March 2015
Submit Documentation Feedback

Chip Level Resources

Copyright © 2015, Texas Instruments Incorporated

151


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUGX7C

13 TEXAS

INSTRUMENTS
System MMU www.ti.com
1456 MMU_WALKING_ST
The MMU_WALKING_ST register is shown in Figure 1-25 and described in Table 1-32.
Figure 1-25. MMU_WALKING_ST
31 1 0
Reserved TWLRUNNING
R-0 R-0
LEGEND: R = Read only; -n = value after reset
Table 1-32. MMU_WALKING_ST Field Descriptions
Bit Field Value | Description
31-1 Reserved 0 Reads return 0.
0 TWLRUNNING Table Walking Logic is running.
TWL Completed.
TWL Running.
1.45.7 MMU_CNTL
The MMU_CNTL register is shown in Figure 1-26 and described in Table 1-33.
Figure 1-26. MMU_CNTL
31 4 3 2 1 0
Reserved | EMUTLBUPDATE | TWLENABLE | MMUENABLE Reserved
R-0 R/W-0 R/W-0 R/W-0 R-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 1-33. MMU_CNTL Field Descriptions
Bit Field Value | Description
31-4 Reserved 0 Write O's for future compatibility; reads returns 0.
3 EMUTLBUPDATE Enable TLB update on emulator table walk.
Emulator TLB update is disabled.
Emulator TLB update is enabled.
2 TWLENABLE Table Walking Logic enable.
TWL is disabled.
TWL is enabled.
1 MMUENABLE MMU enable.
MMU is disabled.
MMU is enabled.
0 Reserved 0 Write O's for future compatibility; reads returns 0.
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1.458 MMU_FAULT_AD
The MMU_FAULT_AD register is shown in Figure 1-27 and described in Table 1-34.

Figure 1-27. MMU_FAULT_AD
31 0
FAULTADDRESS
R-0

LEGEND: R = Read only; -n = value after reset

Table 1-34. MMU_FAULT_AD Field Descriptions

Bit Field Value Description
31-0 FAULTADDRESS 0-FFFF FFFFh Virtual address of the access that generated a fault.

1459 MMU_TTB
The MMU_TTB register is shown in Figure 1-28 and described in Table 1-35.

Figure 1-28. MMU_TTB
31 7 6 0
TTBADDRESS | Reserved
R/W-0 R-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-35. MMU_TTB Field Descriptions

Bit Field Value Description
31-7 TTBADDRESS 0-3FF FFFFh Translation Table Base Address.
6-0 Reserved 0 Write O's for future compatibility; reads returns 0.

1.45.10 MMU_LOCK
The MMU_LOCK register is shown in Figure 1-29 and described in Table 1-36.

Figure 1-29. MMU_LOCK

31 15 14 10 9 8 4 3 0
Reserved | BASEVALUE | Reserved | CURRENTVICTIM Reserved
R-0 RIW-0 R-0 RIW-0 R-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-36. MMU_LOCK Field Descriptions

Bit Field Value | Description
31-15 | Reserved 0 Write O's for future compatibility; reads returns 0.
14-10 | BASEVALUE 0-1Fh | Locked entries base value.
9 Reserved 0 Write O's for future compatibility; reads returns 0.
8-4 CURRENTVICTIM 0-1Fh | Current entry to be updated either by the TWL or by the SW Write value : TLB entry to be
updated by software, Read value : TLB entry that will be updated by table walk logic.
3-0 Reserved 0 Write O's for future compatibility; reads returns 0.
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1.45.11 MMU_LD TLB
The MMU_LD_TLB register is shown in Figure 1-30 and described in Table 1-37.

Figure 1-30. MMU_LD_TLB

31 1 0
Reserved LDTLBITEM
R-0 R/W-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 1-37. MMU_LD_TLB Field Descriptions
Bit Field Value | Description
31-1 Reserved 0 Write O's for future compatibility; reads returns 0.
0 LDTLBITEM Write (load) data in the TLB.
0 Read: Always returns 0.
1 Read: Never happens.
0 Write: No functional effect.
1 Write: Load TLB data.
1.45.12 MMU_CAM
The MMU_CAM register is shown in Figure 1-31 and described in Table 1-38.
Figure 1-31. MMU_CAM
31 12 11 4 2 1 0
VATAG | Reserved \ vV | PAGESIZE
R/W-0 R-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-38. MMU_CAM Field Descriptions

Bit Field Value Description
31-12 | VATAG 0-F FFFFh Virtual address tag.
11-4 Reserved 0 Write O's for future compatibility; reads returns 0.
3 P Preserved bit.
0 TLB entry may be flushed.
TLB entry is protected against flush.
2 \ Valid bit.
0 TLB entry is invalid.
TLB entry is valid.
1-0 PAGESIZE Page size.
0 Section (1MB)
1h Large page (64KB)
2h Small page (4KB)
3h Supersection (16MB)
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1.45.13 MMU_RAM
The MMU_RAM register is shown in Figure 1-32 and described in Table 1-39.

Figure 1-32. MMU_RAM

31 12 11 10 9 8 7 6 5 0
PHYSICALADDRESS Reserved | ENDIANNESS |  ELEMENTSIZE | MIXED| Reserved
RIW-0 R-0 RIW-0 RIW-0 RIW-0 R-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-39. MMU_RAM Field Descriptions

Bit Field Value Description
31-12 | PHYSICALADDRE 0-F FFFFh Physical address of the page.
SS
11-10 | Reserved 0 Write O's for future compatibility; reads returns 0.
9 ENDIANNESS Endianness of the page.
Little endian.
Big endian.
8-7 ELEMENTSIZE Element size of the page (8, 16, 32, no translation)
0 8-bits
1h 16-bits
2h 32-bits
3h No translation
6 MIXED Mixed page attribute (use CPU element size).
0 Use TLB element size.
Use CPU element size.
5-0 Reserved 0 Write O's for future compatibility; reads returns 0.

1.45.14 MMU_GFLUSH
The MMU_GFLUSH register is shown in Figure 1-33 and described in Table 1-40.

Figure 1-33. MMU_GFLUSH

31 1 0
Reserved GLOBALFLUSH
R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-40. MMU_GFLUSH Field Descriptions

Bit Field Value | Description

31-1 Reserved 0 Write O's for future compatibility; reads returns 0.
0 GLOBALFLUSH Flush all the non-protected TLB entries when set.

Read: always return 0.

Read: never happens.

Write: no functional effect.

L Ok O

Write: flush all the non-protected TLB entries.

SPRUGX7C—March 2015 Chip Level Resources 155

Submit Documentation Feedback
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUGX7C

13 TEXAS

INSTRUMENTS
System MMU www.ti.com
1.45.15 MMU_FLUSH_ENTRY
The MMU_FLUSH_ENTRY register is shown in Figure 1-34 and described in Table 1-41.
Figure 1-34. MMU_FLUSH_ENTRY
31 1 0
Reserved FLUSHENTRY
R-0 R/W-0
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 1-41. MMU_FLUSH_ENTRY Field Descriptions
Bit Field Value | Description
31-1 Reserved 0 Write O's for future compatibility; reads returns 0.
0 FLUSHENTRY Flush the TLB entry pointed by the virtual address (VATag) in MMU_CAM register, even if
this entry is set protected.
0 Read: always return 0.
1 Read: never happens.
0 Write: no functional effect.
1 Write: flush all the TLB entries specified by the CAM register.
1.45.16 MMU_READ_CAM
The MMU_READ_CAM register is shown in Figure 1-35 and described in Table 1-42.
Figure 1-35. MMU_READ_CAM
31 12 11 4 3 2 1 0
VATAG | Reserved P v | PAGESIZE
R-0 R-0 R-0 R-0 R-0
LEGEND: R = Read only; -n = value after reset
Table 1-42. MMU_READ_CAM Field Descriptions
Bit Field Value Description
31-12 | VATAG 0-F FFFFh Virtual address tag.
11-4 Reserved 0 Reads return 0.
3 P Preserved bit.
TLB entry may be flushed.
TLB entry is protected against flush.
2 \ Valid bit.
TLB entry is invalid.
TLB entry is valid.
1-0 PAGESIZE Page size.
0 Section (1MB)
1h Large page (64KB)
2h Small page (4KB)
3h Supersection (16MB)
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1.45.17 MMU_READ_RAM

The MMU_READ_RAM register is shown in Figure 1-36 and described in Table 1-43.

Figure 1-36. MMU_READ_RAM

31 12 11 10 9 8 7 6
PHYSICALADDRESS Reserved | ENDIANNESS |  ELEMENTSIZE | MIXED| Reserved
R-0 R-0 R-0 R-0 R-0 R-0

LEGEND: R = Read only; -n = value after reset

Table 1-43. MMU_READ_RAM Field Descriptions

Bit Field Value Description
31-12 | PHYSICALADDRE 0-F FFFFh Physical address of the page.
SS
11-10 | Reserved 0 Reads return 0.
9 ENDIANNESS Endianness of the page.
Little endian.
Big endian.
8-7 ELEMENTSIZE Element size of the page (8, 16, 32, no translation)
0 8-bits
1h 16-bits
2h 32-bits
3h No translation
6 MIXED Mixed page attribute (use CPU element size).
0 Use TLB element size.
Use CPU element size.
5-0 Reserved Reads return 0.
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1.45.18 MMU_EMU_FAULT_AD
The MMU_EMU_FAULT_AD register is shown in Figure 1-37 and described in Table 1-44.

Figure 1-37. MMU_EMU_FAULT_AD

31 0
EMUFAULTADDRESS
R-0
LEGEND: R = Read only; -n = value after reset
Table 1-44. MMU_EMU_FAULT_AD Field Descriptions
Bit Field Value Description
31-0 EMUFAULTADDRESS 0-FFFF FFFFh Virtual address of the last emulator access that generated a fault.
1.45.19 MMU_FAULT_PC
The MMU_FAULT_PC register is shown in Figure 1-38 and described in Table 1-45.
Figure 1-38. MMU_FAULT_PC
31 0
PC
R-0

LEGEND: R = Read only; -n = value after reset

Table 1-45. MMU_FAULT_PC Field Descriptions

Bit

Field

Value

Description

31-0

PC

0-FFFF FFFFh

CPU program counter value where cause MMU fault.

The address value is captured at MMU_EMU_FAULT_AD EMUFAULTADDRESS bit

field.
Data-Read-access : corresponding PC.

Data-write-access : not perfect accuracy due to Posted-write.
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1.5 SGX530 Graphics Subsystem

This section describes the 2D/3D graphics accelerator (SGX) for the device.

NOTE: This section contains materials that are ©2003-2007 Imagination Technologies Limited.

PowerVR® and USSE™ are registered trademarks or trademarks of Imagination
Technologies Limited.

1.5.1 SGX Overview

The 2D/3D graphics accelerator (SGX) subsystem accelerates 2-dimensional (2D) and 3-dimensional (3D)
graphics applications. The SGX subsystem is a Texas Instruments instantiation of the PowerVR® SGX530
core from Imagination Technologies Limited. SGX is a hew generation of programmable PowerVR graphic
cores. The PowerVR SGX530 v1.2.5 architecture is scalable and can target all market segments from
mainstream mobile devices to high-end desktop graphics. Targeted applications include feature phone,
PDA, and hand-held games.

Figure 1-39 shows the SGX subsystem in the device.

Figure 1-39. Graphics Accelerator Highlight

Device
Graphics accelerator
L3 (slave) o | subsystem
interconnect
_L3 (master) , |
interconnect
MPU
subsystem
Interrupt
controller SGX_IRQ
SGX_FCLK
SGX_ICLK
PRCM
SGX_RST
sgx-001
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The SGX graphics accelerator can simultaneously process various multimedia data types:
» Pixel data

» Vertex data

» Video data

e General-purpose processing

This is achieved through a multithreaded architecture using two levels of scheduling and data partitioning
enabling zero-overhead task switching.

The SGX subsystem is connected to the L3 interconnect by a 128-bit master and a 32-bit slave interface.

1.5.1.1 PowerVR SGX Main Features

» 2D graphics, 3D graphics, vector graphics, and programming support for GP-GPU functions
* Tile-based architecture

« Universal scalable shader engine (USSE) — multithreaded engine incorporating pixel and vertex shader
functionality

* Advanced shader feature set — in excess of Microsoft VS3.0, PS3.0, and OpenGL2.0

» Industry-standard API support — Direct3D Mobile, OpenGL ES 1.1 and 2.0, OpenVG v1.1

» Fine-grained task switching, load balancing, and power management

» Advanced geometry direct memory access (DMA) driven operation for minimum CPU interaction
* Programmable high-quality image anti-aliasing

» PowerVR SGX core MMU for address translation from the core virtual address to the external physical
address (up to 4GB address range)

» Fully virtualized memory addressing for OS operation in a unified memory architecture

» Advanced and standard 2D operations [for example, vector graphics, BLTs (block level transfers),
ROPs (raster operations)]

e 32K stride support

1.5.1.2 SGX 3D Features

» Deferred pixel shading
* On-chip tile floating point depth buffer
» 8-bit stencil with on-chip tile stencil buffer
« 8 parallel depth/stencil tests per clock
» Scissor test
* Texture support:
Cube map
Projected textures
2D textures
Nonsquare textures
* Texture formats:
— RGBA 8888, 565, 1555
— Monochromatic 8, 16, 16f, 32f, 32int
— Dual channel, 8:8, 16:16, 16f:16f
— Compressed textures PVR-TC1, PVR-TC2, ETC1
— Programmable support for all YUV formats
» Resolution support:
— Frame buffer maximum size = 2048 x 2048
— Texture maximum size = 2048 x 2048
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» Texture filtering:
— Bilinear, trilinear, anisotropic
— Independent minimum and maximum control
» Antialiasing:
— 4x multisampling
— Up to 16x full scene anti-aliasing
— Programmable sample positions
» Indexed primitive list support
— Bus mastered
* Programmable vertex DMA
* Render to texture:
— Including twiddled formats
— Auto MipMap generation
* Multiple on-chip render targets (MRT).
Note: Performance is limited when the on-chip memory is not available.

1.5.1.3 Universal Scalable Shader Engine (USSE) — Key Features

The USSE is the engine core of the PowerVR SGX architecture and supports a broad range of
instructions.

» Single programming model:
— Multithreaded with 16 simultaneous execution threads and up to 64 simultaneous data instances
— Zero-cost swapping in, and out, of threads
— Cached program execution model
— Dedicated pixel processing instructions
— Dedicated video encode/decode instructions
» SIMD execution unit supporting operations in:
— 32-bit IEEE float
— 2-way 16-bit fixed point
— 4-way 8-bit integer
— 32-bit bit-wise (logical only)
e Static and dynamic flow control:
— Subroutine calls
— Loops
— Conditional branches
— Zero-cost instruction predication
» Procedural geometry:
— Allows generation of primitives
— Effective geometry compression
— High-order surface support
» External data access:
— Permits reads from main memory using cache
— Permits writes to main memory
— Data fence facility
— Dependent texture reads
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1.5.2 SGX Integration

Figure 1-40 highlights the SGX subsystem integration in the device.

Figure 1-40. SGX Subsystem Integration

Device
SGX
MPU subsystem
subsystem
Interrupt
controller
M_IRQ_37 SGX_IRQ
L3
interconnect
PRCM
Interf: lock
SYSCLK23 |—racecoe SGX_ICLK
Functional clock
SYSCLk23 |lunctonaldock f ooy ik
SGX_RST Reset SGX_RST

sgx-002

1.5.2.1 Clocking, Reset, and Power-Management Scheme

1.5.2.1.1 Clocks

The SGX subsystem operates from two clocks: an interface clock (SGX_ICLK) and a functional clock
(SYSCLK23). The power, reset, and clock management (PRCM) module generates and distributes both
clocks inside the device.

Table 1-46. Clock Descriptions

Signal Name I/0®  Description
SYSCLK23 | Functional clock — Functional clock domain
SGX_ICLK | Interface clock — Interface clock domain

@ | =Input; O=Output

e SGX_ICLK interface clock manages the data transfer on the L3 master and slave ports.

e SGX_FCLK is the functional clock and is used inside the SGX subsystem to generate SGX 2D and 3D
domain clock signals.
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To Enable the SGX Functional and Interface Clock:

Program the PRCM.CM_SGX_CLKSTCTRL.CTLKTRCTRL to 0x2
Program the PRCM.CM_SGX_SGX_CLKCTRL.MODULEMODE to 0x2
Poll for the PRCM.CM_SGX_SGX_CLKCTRL IDLEST to be 0x0

To Disable the SGX Functional and Interface Clock:

Program the PRCM.CM_SGX_SGX_CLKCTRL.MODULEMODE to 0x0
Program the PRCM.CM_SGX_CLKSTCTRL.CTLKTRCTRL to 0x0

The SGX_ICLK and SGX_FLCK are sourced from SYSCLK23.

1.5.2.1.2 Resets

The SGX subsystem has its own reset domain. Global reset of the SGX is performed by activating the
SGX_RST signal in the SGX_RST domain. Software controls the release of SGX_RST using the
PRCM.RM_SGX_RSTCTRL[0] SGX_RST bit.

1.5.2.1.3 Power Management

The SGX subsystem has its own power domain (SGX power domain). See the Power, Reset, and Clock
Management (PRCM) Module chapter for additional information about the SGX power domain.

The SGX subsystem receives two clock signals from the PRCM module. The functional clock is used
inside the SGX to generate clock signals to the multiple internal module SGX clock domains. The division
ratio depends on the PRCM registers setting. For more information, see the Power, Reset, and Clock
Management (PRCM) Module chapter.

Three power-management modes are defined:
« Deep power sleep (All clocks are gated.)

» Idle (2D and 3D clocks are gated.)

» 3D (No clock is gated.)

The SGX handles the automatic clock gating performed on the multiple internal module clock domains.
1.5.2.2 Hardware Requests

1.5.2.2.1 Interrupt Request

The SGX subsystem can generate one interrupt (SGX_IRQ) to the MPU subsystem interrupt controller
mapped on M_IRQ_37.
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1.5.3 SGX Functional Description

1.5.3.1 SGX Block Diagram

The architecture uses programmable and hard coded pipelines to perform various processing tasks
required in 2D, 3D, and video processing. The SGX architecture comprises the following elements:

» Coarse grain scheduler
Programmable data sequencer (PDS)
Data master selector (DMS)

» Vertex data master (VDM)
« Pixel data master (PDM)
» General-purpose data master

*» USSE
» Tiling coprocessor
» Pixel coprocessor

+ Texturing coprocessor

e Multilevel cache

Figure 1-41 shows a block diagram of the SGX cores.

Figure 1-41. SGX Block Diagram

|
| POWERVR _ |
| SGX530 N Vertex data N Coarse-grain |
master scheduler " |
| N Tiling > |
coprocessor
: oron. data Universal |
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| —> engine |
| Data master (USSE) N Pixel |
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| »-»| General-purpose |y coprocessor
data master |
' r_¥ |
| T T I
| —»
| Power Texturing coprocessor PER Multilevel cache I
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| control T |
register * |
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: MMU |
|
| | I
' |
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1.5.3.2 SGX Elements Description

The coarse grain scheduler (CGS) is the main system controller for the PowerVR SGX architecture. It
consists of two stages, the DMS and the PDS. The DMS processes requests from the data masters and
determines which tasks can be executed given the resource requirements. The PDS then controls the
loading and processing of data on the USSE.

There are three data masters in the SGX core:

e The VDM is the initiator of transform and lighting processing within the system. The VDM reads an
input control stream, which contains triangle index data and state data. The state data indicates the
PDS program, size of the vertices, and the amount of USSE output buffer resource available to the
VDM. The triangle data is parsed to determine unique indices that must be processed by the USSE.
These are grouped together according to the configuration provided by the driver and presented to the
DMS.

« The PDM is the initiator of rasterization processing within the system. Each pixel pipeline processes
pixels for a different half of a given tile, which allows for optimum efficiency within each pipe due to
locality of data. It determines the amount of resource required within the USSE for each task. It merges
this with the state address and issues a request to the DMS for execution on the USSE.

» The general-purpose data master responds to events within the system (such as end of a pass of
triangles from the ISP, end of a tile from the ISP, end of render, or parameter stream breakpoint
event). Each event causes either an interrupt to the host or synchronized execution of a program on
the PDS. The program may, or may not cause a subsequent task to be executed on the USSE.

The USSE is a user-programmable processing unit. Although general in nature, its instructions and
features are optimized for three types of task: processing vertices (vertex shading), processing pixels
(pixel shading), and video/imaging processing.

The multilevel cache is a 2-level cache consisting of two modules: the main cache and the
mux/arbiter/demux/decompression unit (MADD). The MADD is a wrapper around the main cache module
designed to manage and format requests to and from the cache, as well as providing Level 0 caching for
texture and USSE requests. The MADD can accept requests from the PDS, USSE, and texture address
generator modules. Arbitration, as well as any required texture decompression, are performed between
the three data streams.

The texturing coprocessor performs texture address generation and formatting of texture data. It receives
requests from either the iterators or USSE modules and translates these into requests in the multilevel
cache. Data returned from the cache are then formatted according to the texture format selected, and sent
to the USSE for pixel-shading operations.

To process pixels in a tiled manner, the screen is divided into tiles and arranged as groups of tiles by the
tiling coprocessor. An inherent advantage of tiling architecture is that a large amount of vertex data can be
rejected at this stage, thus reducing the memory storage requirements and the amount of pixel processing
to be performed.

The pixel coprocessor is the final stage of the pixel-processing pipeline and controls the format of the final
pixel data sent to the memory. It supplies the USSE with an address into the output buffer and then USSE
returns the relevant pixel data. The address order is determined by the frame buffer mode. The pixel
coprocessor contains a dithering and packing function.
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1.5.4 SGX Registers

CAUTION

All SGX registers are limited to 32-bit data accesses, 8- and 16-bit accesses
are not allowed because they can corrupt register content.

Table 1-47 provides a summary of the SGX registers. For the base address of these registers. see

Table 1-11.
Table 1-47. SGX Registers

Offset Acronym Register Description Section

FEOOh OCP_REVISION OCP Revision Register Section 1.5.4.1
FEO4h OCP_HWINFO Hardware Implementation Information Register Section 1.5.4.2
FE10h OCP_SYSCONFIG System Configuration Register Section 1.5.4.3
FE24h OCP_IRQSTATUS_RAW_0 Raw IRQ 0 Status Register Section 1.5.4.4
FE28h OCP_IRQSTATUS_RAW_1 Raw IRQ 1 Status Register Section 1.5.4.5
FE2Ch OCP_IRQSTATUS_RAW_2  Raw IRQ 2 Status Register Section 1.5.4.6
FE30h OCP_IRQSTATUS_0O Interrupt O Status Event Register Section 1.5.4.7
FE34h OCP_IRQSTATUS_1 Interrupt 1 Status Event Register Section 1.5.4.8
FE38h OCP_IRQSTATUS_2 Interrupt 2 Status Event Register Section 1.5.4.9
FE3Ch OCP_IRQENABLE_SET_0 Enable Interrupt O Register Section 1.5.4.10
FE40h OCP_IRQENABLE_SET_1 Enable Interrupt 1 Register Section 1.5.4.11
FE44h OCP_IRQENABLE_SET_2 Enable Interrupt 2 Register Section 1.5.4.12
FE48h OCP_IRQENABLE_CLR_O Disable Interrupt O Register Section 1.5.4.13
FE4Ch OCP_IRQENABLE_CLR_1 Disable Interrupt 1 Register Section 1.5.4.14
FE50h OCP_IRQENABLE_CLR_2 Disable Interrupt 2 Register Section 1.5.4.15
FFOOh OCP_PAGE_CONFIG Configure Memory Page Register Section 1.5.4.16
FF04h OCP_INTERRUPT_EVENT Interrupt Events Register Section 1.5.4.17
FFO8h OCP_DEBUG_CONFIG Configuration of Debug Modes Register Section 1.5.4.18
FFOCh OCP_DEBUG_STATUS Debug Status Register Section 1.5.4.19
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1.5.4.1 OCP Revision Register (OCP_REVISION)
The OCP Revision Register (OCP_REVISION) is shown in Figure 1-42 and described in Table 1-48.

Figure 1-42. OCP Revision Register (OCP_REVISION)
31 0
REVISIONID
R-0

LEGEND: R = Read only; -n = value after reset

Table 1-48. OCP Revision Register (OCP_REVISION) Field Descriptions

Bit Field Value Description
31-0 | REVISIONID 0-FFFF FFFFh | Revision value.

1.5.4.2 Hardware Implementation Information Register (OCP_HWINFO)

The Hardware Implementation Information Register (OCP_HWINFO) is shown in Figure 1-43 and
described inTable 1-49.

Figure 1-43. Hardware Implementation Information Register (OCP_HWINFO)

31 3 2 1 0
Reserved | MEM_BUS_WIDTH | SYS_BUS_WIDTH
R-0 R-0 R-0

LEGEND: R = Read only; -n = value after reset

Table 1-49. Hardware Implementation Information Register (OCP_HWINFO) Field Descriptions

Bit Field Value |Description
31-3 Reserved 0 Reserved.
2 MEM_BUS_WIDTH Memory bus width.

Memory bus width is 64 bits.
Memory bus width is 128 bits
1-0 SYS_BUS_WIDTH System bus width.

0 System bus width is 32 bits.
1h System bus width is 64 bits.
2h System bus width is 128 bits.
3h Reserved.
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1.5.4.3 System Configuration Register (OCP_SYSCONFIG)
The System Configuration Register (OCP_SYSCONFIG) is shown in Figure 1-44 and described in

Table 1-50.
Figure 1-44. System Configuration Register (OCP_SYSCONFIG)
31 6 5 4 3 2 1 0
Reserved | STANDBY_MODE | IDLE_MODE | Reserved
R-0 R/W- R/W-2h R-0
2h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-50. System Configuration Register (OCP_SYSCONFIG) Field Descriptions

Bit Field Value |Description
31-6 Reserved 0 Reserved.
5-4 STANDBY_MODE Clock standby mode.

0 Force Standby mode.
1h No Standby mode.

2h Smart Standby mode.
3h Smart Standby mode.

3-2 IDLE_MODE Clock Idle mode.
0 Force Idle mode.
1h No idle mode.
2h Smart Idle mode.
3h Smart Idle mode.
1-0 Reserved 0 Reserved.
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1.5.4.4 Raw IRQ O Status Register (OCP_IRQSTATUS_RAW_0)
The Raw IRQ 0 Status Register (OCP_IRQSTATUS_RAW_0) is shown in Figure 1-45 and described in

Table 1-51.
Figure 1-45. Raw IRQ O Status Register (OCP_IRQSTATUS_RAW_0)
31 1 0
Reserved | INIT_MINTERRUPT_RAW
R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-51. Raw IRQ 0 Status Register (OCP_IRQSTATUS_ RAW_0) Field Descriptions

Bit Field Value | Description
31-1 | Reserved 0 Reserved.
0 INIT_MINTERRUPT_RAW Interrupt O - master port raw event.
Read: No event pending.
Read: Event pending.
Write: No action.
Write: Set event (Used for debug).

= O|Fr O

1545 Raw IRQ 1 Status Register (OCP_IRQSTATUS_RAW_1)
The Raw IRQ 1 Status Register (OCP_IRQSTATUS_RAW_1) is shown in Figure 1-46 and described in

Table 1-52.
Figure 1-46. Raw IRQ 1 Status Register (OCP_IRQSTATUS RAW 1)
31 1 0
Reserved | TARGET_SINTERRUPT_RAW
R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-52. Raw IRQ 1 Status Register (OCP_IRQSTATUS RAW _1) Field Descriptions

Bit Field Value | Description
31-1 | Reserved 0 Reserved.

0 TARGET_SINTERRUPT_RAW Interrupt 1- slave port raw event.
Read: No event pending.

Read: Event pending.

Write: No action.
Write: Set event (Used for debug).

 O|Fr O
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1.5.4.6 Raw IRQ 2 Status Register (OCP_IRQSTATUS _RAW_2)
The Raw IRQ 2 Status Register (OCP_IRQSTATUS_RAW_2) is shown in Figure 1-47 and described in

Table 1-53.
Figure 1-47. Raw IRQ 2 Status Register (OCP_IRQSTATUS_RAW_2)
31 1 0
Reserved | THALIA_IRQ_RAW
R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-53. Raw IRQ 2 Status Register (OCP_IRQSTATUS RAW_2) Field Descriptions

Bit Field Value | Description
31-1 Reserved 0 Reserved.
0 THALIA_IRQ_RAW Interrupt 2 - Thalia raw event.

Read: No event pending.

Read: Event pending.

Write: No action.

Write: Set event (Used for debug).

= O|Fr O

1.5.4.7 Interrupt O Status Event Register (OCP_IRQSTATUS_0)
The Interrupt O Status Event Register (OCP_IRQSTATUS_0) is shown in Figure 1-48 and described in

Table 1-54.
Figure 1-48. Interrupt 0 Status Event Register (OCP_IRQSTATUS_0)
31 1 0
Reserved | INIT_MINTERRUPT_STATUS
R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-54. Interrupt 0 Status Event Register (OCP_IRQSTATUS 0) Field Descriptions

Bit Field Value |Description
31-1 Reserved 0 Reserved.

0 INIT_MINTERRUPT_STATUS Interrupt O - Master port status event.
Read: No event pending.

Read: Event pending and interrupt enabled.

Write: No action.

 O|F+»r O

Write: Clear event.
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1.5.4.8 Interrupt 1 Status Event Register (OCP_IRQSTATUS 1)
The Interrupt 1 Status Event Register (OCP_IRQSTATUS_1) is shown in Figure 1-49 and described in
Table 1-55.
Figure 1-49. Interrupt 1 Status Event Register (OCP_IRQSTATUS 1)
31 1 0

Reserved TARGET_SINTERRUPT_

STATUS

R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-55. Interrupt 1 Status Event Register (OCP_IRQSTATUS 1) Field Descriptions

Bit Field Value

Description

31-1 | Reserved 0

Reserved.

0 TARGET_SINTERRUPT_STATUS

Interrupt 1 - slave port status event.
Read: No event pending.
Read: Event pending and interrupt enabled.

= O|Fr O

Write: No action.
Write: Clear event.

1549

Interrupt 2 Status Event Register (OCP_IRQSTATUS_2)

The Interrupt 2 Status Event Register (OCP_IRQSTATUS_2) is shown in Figure 1-50 and described in

Table 1-56.

Figure 1-50. Interrupt 2 Status Event Register (OCP_IRQSTATUS_2)

31

1

0

Reserved

TARGET_SINTERRUPT_
STATUS

R-0
LEGEND: R/W = Read/Write; R = Read only; -n = value

after reset

R/W-0

Table 1-56. Interrupt 2 Status Event Register (OCP_IRQSTATUS 2) Field Descriptions

Bit Field Value

Description

31-1 | Reserved 0

Reserved.

0 TARGET_SINTERRUPT_STATUS

Interrupt 1 - slave port status event.
Read: No event pending.
Read: Event pending and interrupt enabled.

 O|Fr O

Write: No action.
Write: Clear event.
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1.5.4.10 Enable Interrupt 0 Register (OCP_IRQENABLE_SET _0)
The Enable Interrupt 0 Register (OCP_IRQENABLE_SET_0) is shown in Figure 1-51 and described in

Table 1-57.
Figure 1-51. Enable Interrupt 0 Register (OCP_IRQENABLE_SET 0)
31 1 0
Reserved | INIT_MINTERRUPT_ENABLE
R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-57. Enable Interrupt O Register (OCP_IRQENABLE_SET 0) Field Descriptions

Bit Field Value | Description
31-1 | Reserved 0 Reserved.

0 INIT_MINTERRUPT_ENABLE Enable interrupt O - master port.
Read: Interrupt is enabled.
Read: Interrupt is disabled.
Write: No action.

Write: Enable interrupt.

= O|Fr O

1.5.4.11 Enable Interrupt 1 Register (OCP_IRQENABLE_SET 1)
The Enable Interrupt 1 Register (OCP_IRQENABLE_SET_1) is shown in Figure 1-52 and described in

Table 1-58.
Figure 1-52. Enable Interrupt 1 Register (OCP_IRQENABLE_SET 1)
31 1 0
Reserved TARGET_SINTERRUPT_
ENABLE
R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-58. Enable Interrupt 1 Register (OCP_IRQENABLE_SET_1) Field Descriptions

Bit Field Value | Description
31-1 | Reserved 0 Reserved.

0 TARGET_SINTERRUPT_ENABLE Enable interrupt 1 - slave port interrupt.
Read: Interrupt is enabled.

Read: Interrupt is disabled.

Write: No action.
Write: Enable interrupt.

= O|Fr O
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1.5.4.12 Enable Interrupt 2 Register (OCP_IRQENABLE_SET_2)

The Enable Interrupt 2 Register (OCP_IRQENABLE_SET_2) is shown in Figure 1-53 and described in

Table 1-59.
Figure 1-53. Enable Interrupt 2 Register (OCP_IRQENABLE_SET_2)
31 1 0
Reserved | THALIA_IRQ_ENABLE
R-0 RIW-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-59. Enable Interrupt 2 Register (OCP_IRQENABLE_SET 2) Field Descriptions

Bit

Field

Value

Description

31-1

Reserved

0

Reserved.

THALIA_IRQ_ENABLE

Enable interrupt 2 - Thalia (core) interrupt.
Read: Interrupt is enabled.
Read: Interrupt is disabled.

= O|Fr O

Write: No action.
Write: Enable interrupt.

1.5.4.13 Disable Interrupt 0 Register (OCP_IRQENABLE_CLR_0)

The Disable Interrupt 0 Register (OCP_IRQENABLE_CLR_0) is shown in Figure 1-54 and described in

Table 1-60.
Figure 1-54. Disable Interrupt 0 Register (OCP_IRQENABLE_CLR_0)
31 1 0
Reserved INIT_MINTERRUPT_
DISABLE
R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-60. Disable Interrupt O Register (OCP_IRQENABLE_CLR_O) Field Descriptions

Bit Field Value Description
31-1 | Reserved 0 Reserved.
0 INIT_MINTERRUPT_DISABLE Disable interrupt O - master port.
0 Read: Interrupt is enabled.
1 Read: Interrupt is disabled.
0 Write: No action.
1 Write: Disable interrupt.
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1.5.4.14 Disable Interrupt 1 Register (OCP_IRQENABLE_CLR_1)
The Disable Interrupt 1 Register (OCP_IRQENABLE_CLR_1) is shown in Figure 1-55 and described in

Table 1-61.
Figure 1-55. Disable Interrupt 1 Register (OCP_IRQENABLE_CLR_1)
31 1 0
Reserved TARGET_SINTERRUPT_
DISABLE
R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-61. Disable Interrupt 1 Register (OCP_IRQENABLE_CLR_1) Field Descriptions

Bit Field Value | Description
31-1 |Reserved 0 Reserved.
0 TARGET_SINTERRUPT_DISABLE Disable interrupt 1 - slave port.

Read: Interrupt is enabled.
Read: Interrupt is disabled.

Write: No action.
Write: Disable interrupt.

= O|Fr O

1.5.4.15 Disable Interrupt 2 Register (OCP_IRQENABLE_CLR_2)
The Disable Interrupt 2 Register (OCP_IRQENABLE_CLR_2) is shown in Figure 1-56 and described in

Table 1-62.
Figure 1-56. Disable Interrupt 2 Register (OCP_IRQENABLE_CLR_2)
31 1 0
Reserved | THALIA_IRQ_DISABLE
R-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-62. Disable Interrupt 2 Register (OCP_IRQENABLE_CLR_2) Field Descriptions

Bit Field Value | Description
31-1 | Reserved 0 Reserved.
0 THALIA_IRQ_DISABLE Disable interrupt 2 - Thalia (core) interrupt.
Read: Interrupt is enabled.
Read: Interrupt is disabled.

Write: No action.
Write: Disable interrupt.

= O|Fr O
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1.5.4.16 Configure Memory Page Register (OCP_PAGE_CONFIG)
The Configure Memory Page Register (OCP_PAGE_CONFIG) is shown in Figure 1-56 and described in

Table 1-62.

Figure 1-57. Configure Memory Page Register (OCP_PAGE_CONFIG)

31 5 4 3 2 1 0
Reserved OCP_PAGE_ | MEM_PAGE_ | MEM_PAGE_
SIZE CHECK_EN SIZE
R-0 R/W-2h R/W-1h R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-63. Configure Memory Page Register (OCP_PAGE_CONFIG) Field Descriptions

Bit Field Value |Description

31-5 |Reserved 0 Reserved.

4-3 OCP_PAGE_SIZE Defines the page size on OCP memory interface.
0 Page size is 4 KB.
1h Page size is 2 KB.
2h Page size is 1 KB.
3h Page size is 520 B.

2 MEM_PAGE_CHECK_EN Enable page boundary checking.
0 Page boundary checking is disabled.
Page boundary checking is enabled.

1-0 MEM_PAGE_SIZE Defines the page size on internal memory interface.
0 Page size is 4 KB.
1h Page size is 2 KB.
2h Page size is 1 KB.
3h Page size is 520 B.
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1.5.4.17 Interrupt Events Register (OCP_INTERRUPT_EVENT)
The Interrupt Events Register (OCP_INTERRUPT_EVENT) is shown in Figure 1-58 and described in

Table 1-64.
Figure 1-58. Interrupt Events Register (OCP_INTERRUPT_EVENT)
31 16
Reserved
R-0
15 11 10 9 8
Reserved TARGET_INVALID| TARGET_CMD_ | TARGET_RESP_
_OCP_CMD FIFO_FULL FIFO_FULL
R-0 R/W-0 R/W-0 R/W-0
7 6 5 4 3 2 1 0
Reserved INIT_MEM_REQ_ | INIT_READ_TAG_| INIT_PAGE_ INIT_RESP_ INIT_RESP_ INIT_RESP_
FIFO_ FIFO_ CROSS_ERROR ERROR UNUSED_TAG UNEXPECTED
OVERRUN OVERRUN
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-64. Interrupt Events Register (OCP_INTERRUPT_EVENT) Field Descriptions

Bit Field Value | Description
31-11 |Reserved 0 Reserved.

10 TARGET_INVALID_OCP_CMD Invalid command from OCP
Read: No event pending.

Read: Event pending.

Write: Clear the event.

= O|Fr O

Write: Set event and interrupt if enabled (debug only).
9 TARGET_CMD_FIFO_FULL Command FIFO full.
Read: No event pending.

Read: Event pending.

Write: Clear the event.
Write: Set event and interrupt if enabled (debug only).

Ol Ol O

7-6 Reserved Reserved.
5 INIT_MEM_REQ_FIFO_OVERRUN Memory request FIFO overrun.

Read: No event pending.

Read: Event pending.

Write: Clear the event.

= O|Fr O

Write: Set event and interrupt if enabled (debug only).
4 INIT_READ_TAG_FIFO_OVERRUN Read tag FIFO overrun.
Read: No event pending.

Read: Event pending.

Write: Clear the event.

= O|Fr O

Write: Set event and interrupt if enabled (debug only).
3 INIT_PAGE_CROSS_ERROR Memory page had been crossed during a burst.
Read: No event pending.

Read: Event pending.

Write: Clear the event.

= O|Fr O

Write: Set event and interrupt if enabled (debug only).
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Table 1-64. Interrupt Events Register (OCP_INTERRUPT_EVENT) Field Descriptions (continued)

Bit

Field

Value

Description

2

INIT_RESP_ERROR

Receiving error response.
Read: No event pending.
Read: Event pending.

= O|Fr O

Write: Clear the event.

Write: Set event and interrupt if enabled (debug only).

INIT_RESP_UNUSED_TAG

Receiving response on an unused tag.
Read: No event pending.
Read: Event pending.

= O|Fr O

Write: Clear the event.

Write: Set event and interrupt if enabled (debug only).

INIT_RESP_UNEXPECTED

Receiving response when not expected.
Read: No event pending.
Read: Event pending.

= O|Fr O

Write: Clear the event.

Write: Set event and interrupt if enabled (debug only).
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1.5.4.18 Configuration of Debug Modes Register (OCP_DEBUG_CONFIG)

The Configuration of Debug Modes Register (OCP_DEBUG_CONFIG) is shown in Figure 1-59 and
described in Table 1-65.

Figure 1-59. Configuration of Debug Modes Register (OCP_DEBUG_CONFIG)

31 30 16
THALIA_INT_ Reserved
BYPASS
R/W-0 R-0
15 6 5 4 3 2 1 0
Reserved SELECT_INIT | FORCE_PASS FORCE_INIT_IDLE FORCE_TARGET_IDLE
_IDLE _DATA
R-0 R/W-0 R/W-0 R/W-0 R/W-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-65. Configuration of Debug Modes Register (OCP_DEBUG_CONFIG) Field Descriptions

Bit Field Value | Description
31 THALIA_INT_BYPASS Bypass OCP IPG interrupt logic.
0 Do not bypass.

Bypass core interrupt to 10 pin, ie disregard the interrupt enable setting in IPG

register.
30-6 | Reserved 0 Reserved.
5 SELECT_INIT_IDLE To select which idle the disconnect protocol should act on 0.

0 Whole SGX Idle.
OCP initiator idle only

4 FORCE_PASS_DATA Forces the initiator to pass data independent of disconnect protocol.
0 Normal mode. Do not force.

Never fence request to OCP.

3-2 FORCE_INIT_IDLE Forces the OCP master port to Idle.

0 Normal mode. No force.

1h Force port to be always Idle.

2h Forces target port to never be in Idle mode.
3h Normal mode. No force.

1-0 FORCE_TARGET_IDLE Forces the OCP target port to Idle.

0 Normal mode. No force.

1h Force port to be always Idle.
2h Forces target port to never be in Idle mode.

3h Normal mode. No force.
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1.5.4.19 Debug Status Register (OCP_DEBUG_STATUS)
The Debug Status Register (OCP_DEBUG_STATUS) is shown in Figure 1-60 and described in Table 1-

66.
Figure 1-60. Debug Status Register (OCP_DEBUG_STATUS)
31 30 29 28 27 26 25 24
CMD_DEBUG_ | CMD_RESP_ | TARGET_IDLE | RESP_FIFO_ | CMD_FIFO_ | RESP_ERROR | WHICH_TARGET_REGISTER
STATE DEBUG_ FULL FULL
STATE
R/W-0 R/W-0 R-0 R-0 R-0 R-0 R/W-0
23 21 20 18 17 16
WHICH_TARGET_REGISTER TARGET_CMD_OUT INIT_ INIT_
MSTANDBY MWAIT
R/W-0 R-0 R-0 R-0
15 14 13 12 11 10 9 8
INIT_MDISCREQ INIT_ INIT_ INIT_ INIT_ INIT_MCONNECT
MDISCACK | SCONNECT2 | SCONNECT1 | SCONNECTO
R-0 R/W-0 R-0 R-0 R-0 R-0
7 6 5 4 3 2 1 0
TARGET_SIDLEACK TARGET_SDISCACK TARGET_ TARGET_ TARGET_MCONNECT
SIDLEREQ SCONNECT
R-0 R-0 R-0 R-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 1-66. Debug Status Register (OCP_DEBUG_STATUS) Field Descriptions

Bit Field Value | Description
31 CMD_DEBUG_STATE Target command state machine
Idle.

1 Accept command.

30 CMD_RESP_DEBUG_STATE Target response state machine.
0 Send accept.
1 Wait accept.

29 TARGET_IDLE 0-1 | Targetidle.

28 RESP_FIFO_FULL 0-1 Target response FIFO full.

27 CMD_FIFO_FULL 0-1 Target command FIFO full.

26 RESP_ERROR 0-1 Respond to OCP with error, which could be caused by either address

misalignment or invalid byte enable.
25-21 | WHICH_TARGET_REGISTER 0-1Fh | Indicates which OCP target registers to read.
20-18 | TARGET_CMD_OUT Command received from OCP.

0 Command WRSYS received.
1h Command RDSYS received.
2h Command WR_ERROR received.
3h Command RD_ERROR received.
4h Command CHK_WRADDR_PAGE received. Not used.
5h Command CHK_RDADDR_PAGE received. Not used.
6h Command TARGET_REG_WRITE received.
7h Command TARGET_REG_READ received.

17 INIT_MSTANDBY 1-0 Status of init_MStandby signal.

16 INIT_MWAIT 1-0 Status of init_MWait signal.
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Table 1-66. Debug Status Register (OCP_DEBUG_STATUS) Field Descriptions (continued)

Bit Field Value | Description
15-14 | INIT_MDISCREQ Disconnect status of the OCP interface.
0 State is FUNCT.
1h State is SLEEP TRANS
2h Reserved.
3h State is IDLE.
13 INIT_MDISCACK Memory request FIFO full.
0 Read: No event pending.
1 Read: Event pending.
0 Write: Clear the event.
1 Write: Set the event and interrupt if enabled (debug only)
12 INIT_SCONNECT2 Defines whether to wait in M_WAIT state for MConnect FSM.
0 Skip M_WAIT state.
1 Wait in M_WAIT state.
11 INIT_SCONNECT1 Defines the busy-ness state of the slave.
Slave is drained.
1 Slave is loaded.
10 INIT_SCONNECTO Disconnect from slave.
Disconnect request from slave.
1 Connect request from slave.
9-8 INIT_MCONNECT Initiator MConnect state.
0 State is M_OFF.
1h State is M_WAIT.
2h State is M_DISC.
3h State is M_CON.
7-6 | TARGET_SIDLEACK Acknowledge the SldleAck state machine.
0 State is FUNCT.
1h State is SLEEP TRANS.
2h Reserved.
3h State is IDLE.
5-4 | TARGET_SDISCACK Acknowledge the SDiscAck state machine.
0 State is FUNCT.
1h State is SLEEP TRANS.
2h Reserved.
3h State is IDLE.
3 TARGET_SIDLEREQ Request the target to go idle.
Do not go idle, or go active.
1 Go idle.
2 TARGET_SCONNECT Target SConnect state.
Disconnect interface.
1 Connect OCP interface.
1-0 TARGET_MCONNECT Target MConnect state.
0 Target is in M_OFF state.
1h Target is in M_WAIT disconnect state.
2h Target is in M_DISC state.
3h Target is in M_CON state.
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Device Interrupts

1.6 Device Interrupts

1.6.1 Interrupt Requests to Cortex-A8 MPU INTC
Table 1-67 shows the Cortex-A8 MPU INTC interrupt mapping.

Table 1-67. Cortex-A8 MPU INTC Interrupt Mapping

MPUSS Interrupt Event Interrupt Source Description
Number
0 EMUINT MPUSS Internal MPU Emulation(1)
1 COMMTX MPUSS Internal MPU Emulation(1)
2 COMMRX MPUSS Internal MPU Emulation(1)
3 BENCH MPUSS Internal MPU Emulation(1)
4 ELM_IRQ ELM Error Location process completion
5 Reserved Reserved
6 Reserved Reserved
7 NMI External Pin NMI Interrupt
8 Reserved Reserved
9 L3DEBUG L3 L3 Debug Error Interrupt
10 L3APPINT L3 L3 Application Error Interrupt
11 Reserved Reserved
12 EDMA3CC_INTO EDMA TPCC EDMA3CC Region 0 DMA completion Interrupt
(EDMA3CC)
13 EDMA3CC_MPINT EDMA3CC EDMA3CC memory protection error Interrupt
14 EDMA3CC_ERRINT EDMA3CC EDMA3CC error Interrupt
15 Reserved Reserved
16 SATAINT SATA SATA Module interrupt
17 USBSSINT USBSS Queue MGR or CPPI Completion interrupt
18 USBINTO USBSS RX/TX DMA, Endpoint ready/error, or USBO interrupt
19 USBINT1 USBSS RX/TX DMA, Endpoint ready/error, or USB1 interrupt
20 Reserved Reserved
21 Reserved Reserved
22 Reserved Reserved
23 Reserved Reserved
24 Reserved Reserved
25 Reserved Reserved
26 Reserved Reserved
27 Reserved Reserved
28 Reserved Reserved
29 Reserved Reserved
30 Reserved Reserved
31 Reserved Reserved
32 Reserved Reserved
33 Reserved Reserved
34 USBWAKEUP USBSS USB wakeup Interrupt
35 PCleWAKEUP PCle PCle Wakeup Interrupt
36 HDVPSSINTO HD-VPSS HD-VPSS Interrupt O
37 GFXINT SGX530 Error in the IMG bus interrupt
38 HDMIINT HDMI HDMI Interrupt
39 Reserved Reserved
40 MACRXTHRO CPGMACO CPGMACO Receive threshold interrupt
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Table 1-67. Cortex-A8 MPU INTC Interrupt Mapping (continued)

MPUSS Interrupt Event Interrupt Source Description
Number
41 MACRXINTO CPGMACO CPGMACO Receive pending interrupt
42 MACTXINTO CPGMACO CPGMACO Transmit pending interrupt
43 MACMISCO CPGMACO CPGMACO Stat, Host, MDIO LINKINT or MDIO
USERINT
44 MACRXTHR1 CPGMAC1 CPGMAC1 Receive threshold interrupt
45 MACRXINT1 CPGMAC1 CPGMACL1 Receive pending interrupt
46 MACTXINT1 CPGMAC1 CPGMAC1 Transmit pending interrupt
a7 MACMISC1 CPGMAC1 CPGMACI1 Stat, Host, MDIO LINKINT or MDIO
USERINT
48 PCIINTO PCle Legacy Interrupts (RC mode only)
49 PCIINT1 PCle MSI Interrupts (RC mode only)
50 PCIINT2 PCle Error Interrupts
51 PCIINT3 PCle Power Management Interrupt
52 Reserved Reserved
53 Reserved Reserved
54 Reserved Reserved
55 Reserved Reserved
56 Reserved Reserved
57 Reserved Reserved
58 Reserved Reserved
59 Reserved Reserved
60 Reserved Reserved
61 Reserved Reserved
62 Reserved Reserved
63 Reserved Reserved
64 SDINT SD/SDIO SDIO interrupt
65 SPIINT SPI SPI Interrupt
66 Reserved Reserved
67 TINT1 Timerl Timer 1 interrupt
68 TINT2 Timer2 Timer 2 interrupt
69 TINT3 Timer3 Timer 3 interrupt
70 I2CINTO 12C0 12C0 interrupt
71 12CINT1 12C1 12CO0 interrupt
72 UARTINTO UARTO UART/IrDA 0 interrupt
73 UARTINT1 UART1 UART/IrDA 1 interrupt
74 UARTINT2 UART2 UART/IrDA 2 interrupt
75 RTCINT RTC Timer Interrupt
76 RTCALARMINT RTC Alarm interrupt
77 MBINT Mailbox Mailbox interrupt
78 Reserved Reserved
79 Reserved Reserved
80 MCATXINTO McASPO MCcASP 0 Transmit interrupt
81 MCARXINTO McASPO MCcASP 0 Receive interrupt
82 MCATXINT1 McASP1 MCcASP 1 Transmit interrupt
83 MCARXINT1 McASP1 MCcASP 1 Receive interrupt
84 MCATXINT2 McASP2 MCcASP 2 Transmit interrupt
85 MCARXINT2 McASP2 MCcASP 2 Receive interrupt
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Table 1-67. Cortex-A8 MPU INTC Interrupt Mapping (continued)

MPUSS Interrupt Event Interrupt Source Description
Number

86 MCBSPINT McBSP McBSP Common(TX/RX) Interrupt

87 Reserved Reserved

88 Reserved Reserved

89 Reserved Reserved

90 Reserved Reserved

91 Reserved Reserved

92 TINT4 Timer4 Timer 4 interrupt

93 TINTS Timer5 Timer 5 interrupt

94 TINT6 Timer6 Timer 6 interrupt

95 TINT7 Timer7 Timer 7 interrupt

96 GPIOINTOA GPIO O GPIO O interrupt 1

97 GPIOINTOB GPIO O GPIO 0 interrupt 2

98 GPIOINT1A GPIO 1 GPIO 1 interrupt 1

99 GPIOINT1B GPIO 1 GPIO 1 interrupt 2

100 GPMCINT GPMC GPMC interrupt

101 DDRERRO DDR EMIFO DDR2/3 0 Error interrupt

102 DDRERR1 DDR EMIF1 DDR2/3 1 Error interrupt

103 Reserved Reserved

104 Reserved Reserved

105 Reserved Reserved

106 Reserved Reserved

107 Reserved Reserved

108 Reserved Reserved

109 Reserved Reserved

110 Reserved Reserved

111 Reserved Reserved

112 EDMA3TCO_ERRINT EDMA TPTCO EDMAS3TCO error interrupt
(EDMA3TCO)

113 EDMA3TC1_ERRINT EDMA TPTC1 EDMAR3TCL1 error interrupt
(EDMA3TC1)

114 EDMA3TC2_ERRINT EDMA TPTC2 EDMAS3TC2 error interrupt
(EDMA3TC2)

115 EDMA3TC3_ERRINT EDMA TPTC3 EDMAR3CS3 error interrupt
(EDMA3TC3)

116 Reserved Reserved

117 Reserved Reserved

118 Reserved Reserved

119 Reserved Reserved

120 SMRFLXO0 Smart Reflex0 SVT SmartReflex interrupt

121 SMRFLX1 Smart Reflex1 HVT SmartReflex interrupt

122 SYSMMUINT System MMU Table walk abort interrupt

123 Reserved Reserved

124 DMMINT DMM PAT Fault interrupt

125 Reserved Reserved

126 Reserved Reserved

127 Reserved Reserved
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1.7 EDMA and EDMA Events

1.7.1 Overview

The device uses L3 crossbar architecture to control access between device processors, subsystems, and
peripherals. It includes four third-party DMA transfer controllers (TPTCs) that provide four EDMA channels
for transfer between L3 slaves. The device also makes use of the third-party channel controller (TPCC).
The TPCC provides a user and event interface to the EDMA system. It includes up to 64 event channels
to which all system synchronization events can be mapped and 8 auto-submit channels (QDMA).

Parameter RAM: Each EDMA is specifi