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Features

Ultra-low supply current:
- 6 pA/MHz executing from FLASH or RAM at 3.3 V
- Low-power sleep and deep sleep modes with selectable
levels of RAM/cache retention
High-performance ARM Cortex-M4 Processor:
- 48 MHz nominal clock frequency, with 96 MHz high perfor-
mance TurboSPOT™ Mode
- Floating point unit
- Memory protection unit
- Wake-up interrupt controller with 32 interrupts
Integrated Bluetooth! 5 low-energy controller:
- RF sensitivity: -93 dBm (typical)
- TX peak output power: 3 dBm (max)
Ultra-low power memory:

- Up to 1 MB of flash memory for code/data
- Up to 384 KB of low latency/leakage SRAM for code/data
- 16 KB 2-way Associative/Direct-Mapped Cache
Ultra-low power interface for on- and off-chip sensors:
- 14 bit ADC at up to 1.2 MS/s, 15 selectable input channels
- Voltage Comparator
- Temperature sensor with +/- 3°C accuracy after calibration
ISO7816 Secure interface
Flexible serial peripherals:
- 1x 2/4/8-bit SPI master interface (MSPI)
- 6x I2C/SPI masters for peripheral communication
- I2C/SPI slave for host communications
- 2x UART modules with 32-location TX and RX FIFOs
- PDM for mono and stereo audio microphone
- 1x 12S slave for PDM audio pass-through
Rich set of clock sources:
- 32.768 kHz XTAL oscillator
- Low frequency RC oscillator — 1.024 kHz
- High frequency RC oscillator — 48/96 MHz
- RTC based on Ambiqg’s AM08X5/18X5 families
Wide operating range: 1.755-3.63 V, —40 to 85°C
Compact packages:

- 5x5 mm (<0.5mm thick pkg) 81-pin BGA with 50 GPIO

1. The Bluetooth® word mark and logos are registered trademarks
owned by the Bluetooth SIG, Inc. and any use of such marks is under
license. Other trademarks and trade names are those of their respec-
tive owners.
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Applications

= Voice-on-SPOT™ compatible for always-listening keyword
detect, audio command recognition and voice assistant integra-
tion in battery-powered devices including:
- Bluetooth headsets, earbuds, and truly wireless earbuds
- Remote and Gaming Controls
- Smart home
= Wearables including smart watches and fitness/activity trackers
= Hearing aids, Digital Health Monitoring and Sensing Devices
= Smart Home Automation, Security and Lighting control

Description

The Apollo MCU Family is an ultra-low power, highly integrated
microcontroller platform based on Ambigq Micro’s patented Sub-
threshold Power Optimized Technology (SPOT™) and designed
for battery-powered and portable, mobile devices. The Apollo3
Blue MCU sets a new standard in energy efficiency for battery-
powered devices with an integrated ARM Cortex-M4 processor
with Floating Point Unit and TurboSPOT™ increasing the compu-
tational capabilities of the ARM Cortex M4F core to 96 MHz while
lowering the active power consumption to <6uA/MHz. This combi-
nation dramatically reduces energy consumption while still
enabling abundant application processing power to add greater
capability and extended life to battery operated devices.

The Apollo3 Blue brings several new features to Ambiqg’s SPOT-
based Apollo MCU Family including an integrated DMA engine,
QSPI interface, and advanced stepper motor control for ultra-low
power analog watch hand management. With unprecedented
energy efficiency and PDM microphone inputs, the Apollo3 Blue
also forms the core of Ambig's Voice-on-SPOT™ reference
platform making it the perfect device for customers who want to
add always-on voice assistant integration and command
recognition to battery-powered devices. To increase design
flexibility and enable connections to the phone and cloud, the
Apollo3 Blue provides a dedicated second core for the ultra-low
power BLE5 connectivity platform providing superior RF
throughput and leaving plenty of resources available for user
applications.
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Table 412: INTEN Re@ISter BitS ........ccciuiiiiiiiiieiieeiie ettt 304
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Table 413: INTSTAT REZISEEI ...cccueeiuiieiiiiiieiieeiie ettt ettt sete e e e s e e esaeseseenseaennes 305
Table 414: INTSTAT RegISter BitS.......cccoiieiiiieeiiiecieieceeeeee sttt 305
Table 415: INTCLR REZISLET .....cooviiiuiieiiiiieiie ettt ettt sttt ssaeenteenne e s 307
Table 416: INTCLR Re@ISter BitS.......cceeiiiieiiieiiiieciieeeie ettt seve e stve et eeaae e 307
Table 417: INTSET REZISTEI .....ccoiiiiieiiieeiieteet ettt ettt ettt eaee e eneeas 308
Table 418: INTSET RegiSter BitS........cccciiiiiiiiiieiieeii ettt e 308
Table 419: CLKCFG REGISTOI ......uviiiiiiieiiieeiiieeieeesiie ettt e e ste e e stteeesaaeeesaaeeessae e saeennnaeenns 310
Table 420: CLKCFG RegISter Bits.......cccoceeuiiiiniiiineiiecicie ettt 310
Table 421: SUBMODCTRL REZISIET......cccuvieiieiieeiie ettt ettt e e essaeesaeeeveeneeas 311
Table 422: SUBMODCTRL RegiSter BitS ........cceeriiiieiieieieeie s 311
Table 423: CIMD REZISET ....cc.uiiuiiriiiiiriiie ettt sttt et st se e eare e 312
Table 424: CMD Re@ISter BitS .......cccieiiiiiiiiiieiie ettt erae e 313
Table 425: DCX REZISLET ....cccuviiiiiieeiiie ettt ee et ee e ee et eeeeeeaeeessteeesebeeessbeeessseenssseensseanns 314
Table 426: DCX ReIStEr BItS .......cooiiiiiiiiiieiiieiie ettt ettt s 314
Table 427: OFFSETHI REZISIET .....cccviiiuieeiieiieiieeiie ettt ettt seve e e ae s seneeneeas 315
Table 428: OFFSETHI Re@iSter BitS.........cciiiiiiiiieciiie ettt 315
Table 429: CMDSTAT REZISTET ... .cccuieiiieeieeiieeiieeiie ettt et ettt et et e e s sebeeneeas 315
Table 430: CMDSTAT ReISter Bits .....cccviiiiiieiieciie ettt 316
Table 431: DMATRIGEN REZISIET .......ccuieuieriieiieieieeie ettt et e e 316
Table 432: DMATRIGEN RegiSter Bits .......cccccciieriieiieiiiiiie ettt 317
Table 433: DMATRIGSTAT REZISET ....ccuiiiiieiieeiieeieeeteetie et eeeee ettt eveesvaeseve e e s 317
Table 434: DMATRIGSTAT Register BitS.......cceeeiiieiiiieciieeeeeceeeeeeeee e 317
Table 435: DMACEG REZISET ......ccovuieiiiieiieiiietie ettt ettt st e s e ssaesete e aenes 318
Table 436: DMACFG RegISter BItS ......ccoouiiiiiieiiie ettt 318
Table 437: DMATOTCOUNT REZISTET ......ceiiiiieieeiiieieetieiie ettt ettt e 319
Table 438: DMATOTCOUNT RegiSter Bits........cocveeuieiiiiniieeieeieeeieriie e 319
Table 439: DMATARGADDR REZISLET ......eovuiiiiiiiiieie ettt 320
Table 440: DMATARGADDR Register Bits.........cccocveiieiiiiiiiniiniincecie e 320
Table 441: DMASTAT ReEISIET.....cccuiieiieiiieiieeiie ettt ettt et sate et e sreessaeenaeenseannes 321
Table 442: DMASTAT Re@ISter BitS .....cccvveeiiieeiiie ettt e e 321
Table 443: CQCUFG REZISIET ........eruiiiiriiieeie ettt st sttt sre e e 322
Table 444: CQCFG Re@IStEr BitS .....c.ccccuieiiiiiiieiiie ettt ettt esae e 322
Table 445: CQADDR REZISTOT .......eiiiiiiieiiieeiiieeitie et ee et ee e e e seaeeeseteeesebeeessseessaseeesaeenns 323
Table 446: CQADDR RegiSter Bits.........ccciiiiiiiiieiieeieeiieie ettt e 323
Table 447: CQSTAT REZISLET ...cccuvieiieirieeiieriietieeiie et eette et eer e sseeseteenaeesseessaessseenseannnes 324
Table 448: CQSTAT RegiSter BitS......ccceiiieeiiieeiiiecieieee ettt e 324
Table 449: CQFLAGS REZISLET......cccuiiiiieiiieiieiie ettt ettt sttt st a s 325
Table 450: CQFLAGS RegISter Bits .......cccuieiiiiiieriieeie ettt 325
Table 451: CQSETCLEAR REZISIET .....eeuvieuieiietieieeeie ettt e sree e ee e enee s 325
Table 452: CQSETCLEAR Register BitS.......c.cooueiiieiiiiiieieciee et 325
Table 453: CQPAUSEEN REZISLEI .....ccueeiiieiiiiiiieciie ettt ettt s ee e ss e enaeeebe e 326
Table 454: CQPAUSEEN RegiSter BitS.......cc.cceviiiiiiiieieiie ettt 326
Table 455: CQCURIDX REZISTET ......eevuieeiiiiiieiie ettt ettt st e eessaesnaeennea s 328
Table 456: CQCURIDX RegISter BitS........ccviuiieiiiieiiiieeiiieieiecitee ettt sive e saae e 328
Table 457: CQENDIDX REZISIET .....ccvviiiiieeiiie e ceteeeteteeereeeee e seireesereeeseseeesaneeessneaens 328
Table 458: CQENDIDX RegiSter Bits.......c.ccociieriieriieeiieiiieiie ettt 328
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Table 459: STATUS REZISIOT .....cccuiiiiiiiiieiiesiiectie ettt ettt sebe e e s e e ssaeesseenseeennes 329
Table 460: STATUS Re@ISEr BItS ...cuvvieiiieiiie ettt eane e 329
Table 461: MSPICFG REZISIET .......cciuieiiiiieiieeiie ettt ettt sttt sete e e s 330
Table 462: MSPICFG RegISter BItS ......cccciiiiiiieiiie ettt 330
Table 463: MI2ZCCFG REZISTET.......coiuiieiieiiiiiieetie ettt sttt s 332
Table 464: MI2CCFG Re@ISter BitS ........ccccviiiiiiiieiiieiieeeie ettt e 332
Table 465: DEVCFG REZISIET ......uceiiiiiieiiieciiieeiieeesiieeeseieestieeeseveeesebeeestaeeesaaeessaeensaeennnaeenns 333
Table 466: DEVCFG RegiSter BIts .......ccoceeiuiiiiniiiiicieciciecie et 333
Table 467: IOMDBG REZISIET ........cccvieruiieiiiiiieiie ettt ettt st ee e ssae e enneaenees 334
Table 468: IOMDBG Re@iSter Bits .......ccceieeiiiiiiieiiiie et s 334
Table 469: Mapping of Direct Area Access Interrupts and Corresponding REGACCINTSTAT Bits
339

Table 470: 1/0O Interface Interrupt Control.............ccocviviiiiiiiiieiiie e 342
Table 471: IOSLAVE ReZIStEr MAP ...ccveeeiiiiiiiieeiie ettt ettt sttt s 350
Table 472: FIFOPTR REZISET ....c..ceoviieiiieeiieriietieciie ettt et e st saae e eseeessaesnseenneannnes 351
Table 473: FIFOPTR RegiSter BitS .......cccueiiiiiiiiiie et 351
Table 474: FIFOCFG REZISLET ......cooitiiiiieiiieiiieiie ettt ettt et e b e eneeas 351
Table 475: FIFOCFG RegiSter BitS ......c..cccuiiiiiiiieeiiecie ettt ettt e enae e 352
Table 476: FIFOTHR REZISIET .......cciiiieiieeiieeeiesiieeee ettt sttt e e enae 352
Table 477: FIFOTHR RegiSter BitS.........cccieiiiiiiieiie ettt 352
Table 478: FUPD REZISLETI.....cccuieiiiiiieriieiie et eeitestie ettt seveeieeevaesaaeesveeseneesaessaeesseanneas 353
Table 479: FUPD Re@ISter BItS .....ccccvuiiiiieeiiie ettt 353
Table 480: FIFOCTR REZISET ......ceevvieiiiiiiieniieiieciie ettt ettt sete et e et saseensea s 353
Table 481: FIFOCTR ReISter Bt ......cccciieiiiiieiiiieeiiiecieceie ettt sive e e 353
Table 482: FIFOINC REZISLET ....ccuviiiieitieeiieieet ettt et ettt sttt et e e eebeenneas 354
Table 483: FIFOINC RegiSter BitS.......cccceiiiiiiiiiiieeiieiietieie et s 354
Table 484: CFG REEISIET ....cccuvieeiiieciiie ettt ettt ete e ette e e seae e e sebe e e sabeeessaeeessaeeensaeenns 354
Table 485: CFG Re@ISTEr BItS......couiiiiiiiiiiiiiiie ittt 355
Table 486: PRENC REISIET .......ccvvieiuieeiieiietiestie ettt tete et e et st sete et e sseessaesnseenseannns 355
Table 487: PRENC RegISter BitS.......cceiviiiiiiiieciiiecieieeie ettt ste e vae e e 356
Table 488: IOINTCTL REZISIET .....eevviriiiieiiiieiie ittt sttt et st 356
Table 489: IOINTCTL Re@ISter BitS.......ccccievviieriieiiiiiiieiieie ettt ettt 356
Table 490: GENADD REZISTET .......eeiiuiiieiiieeiie ettt ee et esee e e eete e e sebeeeseaeessaseeessaeans 357
Table 491: GENADD RegiSter Bits.........ccciiiiiiiiieiieiieeiiee ettt s 357
Table 492: INTEN REZISET .......eceeiiiriieiieeieeetiestieeiie ettt et e e e et seteesieeeseessaesnseenseaennes 357
Table 493: INTEN Re@ISter Bt .....ccueeeciiieiie ettt 357
Table 494: INTSTAT REZISTET ...ccueiiiieiiieeiieeiieiie ettt ettt eeve et et essaeeebeenneas 358
Table 495: INTSTAT Re@ISter BitS.........cccieiiiiiiieiiecie ettt s 358
Table 496: INTCLR REZISIET .....eevuieiiiieie ittt et ettt se et ie et esee s e ee e enseenae s 359
Table 497: INTCLR Re@ISter BitS.......ccueiiuiiiiiiiieciie ettt s 359
Table 498: INTSET REZISTEI .....ccciiiiieiiieiiieiiietie ettt ettt et et saae e esseeessaesraeenseanns 360
Table 499: INTSET RegISter BitS......c.ceieiuiieeiiiecieiecie ettt eve e vae e vae e 360
Table 500: REGACCINTEN REZISLEI.....ccueeiiiiiieiieeie ettt ettt et snae e 361
Table 501: REGACCINTEN Register Bits .......ccceeiiiiiiiieiiieeiie et 361
Table 502: REGACCINTSTAT REZISLET ....ueeuieriieiieiieieeieieeieetiesteeeeseee e e sneesees e 361
Table 503: REGACCINTSTAT Register Bits........cccccceeiiiriieiiieiieiiieiie et 362
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Table 504: REGACCINTCLR REZIStEI ......cooviiiriieeiieiiieiieieeeeeiee st eeve et e eeeesaaeseve e annns 362
Table 505: REGACCINTCLR Register Bits.......c.ccccouiiieiiieiiiecieeeciie e eese e e 362
Table 506: REGACCINTSET REZIStET .......ccooiiiiieeiieeiieiteeiie ettt eeie e e sneeseve s 362
Table 507: REGACCINTSET Register Bits .......c.ccocouiieriiiiiiiecieeeceieeeie e 363
Table 508: HOST TER REZISIET .....covuiiiiiiiiiiiieeiie ettt sttt e 364
Table 509: HOST TER RegiSter BitS.......ccceeiiiiiieriieeie et 364
Table 510: HOST ISR REGISLET .....ceeiiiiiiiieeiiie ettt et et e seve e sebe e e saseeesaaeeens 365
Table 511: HOST ISR RegISter Bits......cccceouiriiniiiiiiiiecicitcie st 365
Table 512: HOST WCR REZISIET ......eevuiieiiiiiieiie ettt ettt st v e st s enseaenes 365
Table 513: HOST WCR RegiSter BitS.......cccoiieeiiiieiiiiecieieeeeceeeeeee st 366
Table 514: HOST WS REZISTET....c..eriiiieiiieiieriiet ettt ettt sttt et 366
Table 515: HOST _WCS RegiSter Bits .....ccuceviieiiieiieeiieiieiie ettt 366
Table 516: FIFOCTRLO REZISTI ......viiieiiieeiieeeiie ettt ettt et ae e e eene 367
Table 517: FIFOCTRLO Register BitS.........ccciiiiieiiiiiieiieiie et 367
Table 518: FIFOCTRUP REZISIET .......ccuieiiieiieiieeiie et eeeeetie et ee st seve et ev e ssaeseteenneaenns 367
Table 519: FIFOCTRUP RegiSter BitS........cccoiieiiiiieiiiieeieieiee sttt 367
Table 520: FIFO REZISTET ......cccuiiiiiiiieeiie ettt ettt ettt st et et eesateenbeenneas 368
Table 521: FIFO Re@ISLEr BitS......c.coovieiieeiiiiiieiie ettt st ssaesave e s 368
Table 522: PDM Clock Output Reference Table...........ccceevviieiiiiiiiiieciieceee e, 371
Table 523: PDM Operating Modes and Data FOrmats ............cccoeccvevviiiniienieeieiniieiiesie e 373
Table 524: Digital Volume CONntrol..........cceevciieriieiieeieeiieie et eie e srae e 373
Table 525: PGA L and PGA R Fields of the PCFG Register........cccccovvivieieeiciieeiieeieene, 374
Table 526: LPF Digital Filter Parameters. .........cccoeveeiieiiinieiieeieeeieie e 374
Table 527: High Pass Corner Frequency as a Function of HPCUTOFF ..........cccccooiiine. 375
Table 528: PDM Re@ISTEr IMAP ......ciiiiiiieiiiieiiiet ettt st eaee e e 376
Table 529: PCFG REZISIET .....ccuiiiiiiieeiie ettt ettt ettt sttt eateenbeanes 377
Table 530: PCFG RegIStEr BitS ......cccuiiiiiieeiiie et 377
Table 531: VCFG REZISLET .....eeoviiiiiiiiiiie ittt sttt sttt s 380
Table 532: VCFG RegIStEr BitS......cccvieiiieiiieiiiiiieciie ettt ettt erae e e 380
Table 533: VOICESTAT RISt ......cciiiieeiiieeiiieeiie et e e ereeeie e eeveeeeeveeeseaeeesaaeeeseaeeenees 382
Table 534: VOICESTAT RegiSter Bits .....ccocviriiiriiiieiiieeiieieeiescee et 382
Table 535: FIFOREAD REZISLET .....c.ceeiiieiiiieiiiiieriie ettt ee et s aeenaesebeeneeas 382
Table 536: FIFOREAD ReEgISter BitS......ccuieiiiieiiiieciie ettt 382
Table 537: FIFOFLUSH REZISLET........cecuiiiiiiiieiiie ettt ettt sttt et 383
Table 538: FIFOFLUSH RegiSter BitS.......c.ccccvevieiiiiiiiieiicie ettt s 383
Table 539: FIFOTHR REZISIET ......vveiiiiieiiie ettt et e eete e sene e e sanee e 383
Table 540: FIFOTHR Register BitS.........ccccieiiiiiiiieriieiiiciiie e 383
Table 541: INTEN REZISIEI ....ccueiiiieiieeiieeieeiteetieetie ettt eeteeie e et e e ssaessaeeneeaesaessaessseenseas 384
Table 542: INTEN Re@ISter BIts .....ccceeeeiiiieiiiieciececie ettt te e tve e e vae e 384
Table 543: INTSTAT REZISTEI ...cccueeiuieeiiieiiieiieeiie ettt ettt sate et et et aessaeenbeeneas 384
Table 544: INTSTAT RegIiSter BitS.......ccccociiiiiiiiieiieiiieiieie ettt 385
Table 545: INTCLR REZISLET ....cccvieiiiiieiie ettt ettt et e eave e seve e seae e e saaeaesaaeens 385
Table 546: INTCLR Re@ISter BitS.......cccuieiiiiiiiiriieeie ettt 385
Table 547: INTSET REZISIET .....ccuiieiiiieeiiieeie ettt eee e ste e e tae e aae e eae e aaeennaeenns 386
Table 548: INTSET RegiSter BitS........coouiiiiiiiiiiieeie et e 386
Table 549: DMATRIGEN REZISIET .....cc.ccccuiiiiieiieciie ettt ettt sttt e enes 387
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Table 550: DMATRIGEN RegiSter Bits .......cccccierieiiiiiiiiiiie ettt 387
Table 551: DMATRIGSTAT REZISIET ...c.uvveiiiie ettt ettt eeve e eeae e eane e 387
Table 552: DMATRIGSTAT RegiSter BitS......cccvevieeiiiiiiiieeieeiieeeieiie et 387
Table 553: DMACFEG ReEZISTET....uvuiiiiiieiiieeiiie e ctee et tet e e ee st ee e eeseseeeseseeesnseessnneeens 388
Table 554: DMACFG RegiSter BItS ........ccociiiiiiiiiieiieeeiee et s 388
Table 555: DMATOTCOUNT REZISIET ......ceviieriieeiiieiieeeieiie ettt site et e sv e e s esae e e 389
Table 556: DMATOTCOUNT RegiSter BitS......cueevviiiiiiiieiiieeeiie e 389
Table 557: DMATARGADDR REZISLET .......couuiriiiiiiiiiieiiiecie sttt 389
Table 558: DMATARGADDR RegiSter BitS........ccceecuiiriiiieeiieiieiiesiie e e 389
Table 559: DMASTAT REZISLI......ccciiiiiiieeiiieeiiieeieie et eetee e eeeeteeesereeesebeeessseeessseeensseens 390
Table 560: DMASTAT RegiSter BIts .....cc.coouiiiiriiiiiecieeieie ettt 390
Table 561: Drive Strength Control BitS.........ccceevieiiieiiiniieie et 392
Table 562: Apollo3 Blue SoC Pad Function Mapping.........cccceecueeeeieeerieeesieeecieeeseieeeiieenns 393
Table 563: Pad Function Color and Symbol Code ............ooueeiiiiiiiiiiiiiieeeeeee e 394
Table 564: SPecial Pad TYPES.....ccceeriieeieeiiiriieiieeiie ettt et e et saae e e e e s aessaesebeeneeas 395
Table 565: 12C Pullup Resistor SEleCtion..........cccuvieruiieciiieiiiecie e e 395
Table 566: NCE Encoding Table.........cccceoiiiiiiiiiiie et 396
Table 567: Interrupt TrigZer OPLiONS.......cccuiervieriieriieeieeeteerieereesreesteestaeesreeseeessaessseenseanes 398
Table 568: 10 Master 0 I2C Configuration ............cccveeeevieeveeeeriieeiieeeeeeeieeesieeeeseeeeseeeeeens 401
Table 569: 10 Master 1 I2C Configuration ..........ccccueecueeriirieeieenieeiie et 401
Table 570: 1O Master 2 I2C Configuration ..........cccc.eecueeriinieeieeneiesiieeiee e eseeeseee e eeve e 401
Table 571: 10 Master 3 I2C ConfiUIation ...........ccccveeeeiieeieieeiieeeieieeieeeeeieee e eeseaeeeseeee e 402
Table 572: 10 Master 4 I2C Configuration ..........ccccueeeueeriinieeieenieesiiesiie e eseeeseeeeeee e e 402
Table 573: 10 Master 5 [2C Confiuration ...........cccceeeeeveeeriieeieieerieeeeesieeesreeeseveeeseeeeenne 402
Table 574: 10 Master 0 4-wire SPI Configuration ...........ccceceeiieniiinieiieeiieeiesee e 403
Table 575: 10 Master 1 4-wire SPI Configuration ...........ccceceeeiirriienieeiieeiieeiieeie e 403
Table 576: 10 Master 2 4-wire SPI Configuration ............cccceevvieiiiieeiiiie e 403
Table 577: 10 Master 3 4-wire SPI Configuration ..........cccccceevueriinennieneciecicniesenecece 404
Table 578: 10 Master 4 4-wire SPI Configuration ...........ccceceeeuiereiienienieeieesieesie e 404
Table 579: 10 Master 5 4-wire SPI Configuration ..........cccceceuveeeieeieiienieie e cieeeeiee e 404
Table 580: IO Master 0 3-wire SPI Configuration ...........cccccceeeueiiininninceiiiicniencneceeee 405
Table 581: IO Master 1 3-wire SPI Configuration ...........ccceceeviiriienienieiiieneieie e 405
Table 582: 1O Master 2 3-wire SPI Configuration ..........cccceccveeeeieeeiieesieecieeesieeeseieeeeeieens 405
Table 583: IO Master 3 3-wire SPI Configuration ...........cccecueeiuiiiiiinienie e 406
Table 584: 10 Master 0 3-wire SPI Configuration ...........ccceceeeueiriieniienieeeeceeeie e 406
Table 585: 10 Master 5 3-wire SPI Configuration ..........cccceceveeeiiieniiieenieeecieeecieeeseie e 406
Table 586: MSPI PADCFG Input Mux Configuration............ccceccveevienieeieeneienie e 407
Table 587: MSPI_ PADCFG Output Mux Configuration .............ccceeeveerveeieereeesveeseesneennnns 407
Table 588: 10O Slave 12C Configuration...........ccccvveeeciieiriiieeirie e e eree e e e eeee e e 408
Table 589: 10 Slave 4-wire SPT Configuration ............ccocceeieeiiieniiieniienie et 408
Table 590: 10 Slave 3-wire SPT Configuration ...........cccccceeveeeiieriieniienieeieeseeeseee e e 408
Table 591: UARTO TX Configuration.........cccueeccueeeiiieeiiieeieieeereeeireeeieeeseveeeseneeeenaeaeseseeeens 410
Table 592: UARTO RX Configuration ..........ccceecueeriieeieeiiiiniie e ettt seie e e e seeeseve e 410
Table 593: UARTO RTS Configuration...........ccccuveeriieeiiieeiiie e e e eeve e seie e 411
Table 594: UARTO CTS Configuration..........cceeeueeruieeieeniiniie et e siie et e seeessee e e 411
Table 595: UART1 TX Configuration...........ccceeriieriieeieeniiniieeieereeeseeesiie e eseeeseeesvaesnveenenas 412
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Table 596: UART1 RX Configuration ...........ccceeveeiuiiriieniieieeeeeeiesrie e eeeeeeeessaeseveesneennnes 412
Table 597: UART1 RTS Configuration..........c.ccccuveeeurieeieieieiecieeesieeesiieee e eesvaeessvaeeenaeenns 413
Table 598: UART1 CTS Configuration.........ccceevueerieeueeniieiieeieeneeeneeesiie e eseeeseeesseeseseenneas 413
Table 601: 12S BCLK Configuration...........ccccueeeuieeiiiieniieeieeesieeesieee e eesereeessaeesssaeesaneenns 414
Table 602: 12S WCLK Configuration ...........ccceeevueieriiienieeeieie e eeeieeeeeie e stve e evae e svaeeenae e 414
Table 599: PDM CLK CONnfiguration ............cceeeieeiueenieniieieeeeeeeesieeseeeeieeseeessaessseenseennnes 414
Table 600: PDM DATA Configuration ..........c.ccccuieeruieenieeeieeenieeesieeesiieessiveesssseesssaeennneenns 414
Table 604: CLKOUT Configuration..........ccceeuerieriireeneeieieeie s st esie e sreeseeseenieenne 415
Table 605: 32kHz CLKOUT Configuration............cceeceerieeieeieereieniieeiieeieeseeesseessseenveennas 415
Table 603: 12S DAT Configuration ..........ccccccuieerieiesieeenieesieee e eesiieeeseteeeseeeeeseaeessaeesnneenns 415
Table 606: ADC Analog Input Configuration .............ccoceevuereeienieninnenecie e 416
Table 608: Voltage Comparator Reference Configuration............ccceceeevieeieeneieniieniesneennen. 417
Table 609: Voltage Comparator Input Configuration...........ccceeeeueeeeieeerieeesiieeesieeesie e 417
Table 607: ADC Trigger Input Configuration ............ccceeeeeieieeiieniiienie et 417
Table 610: SWO CONfiGUIAtION .......cceeeveiiiieiiestie ettt eet e et eeteessaesbeeieeeseessaessseenseaenees 418
Table 611: FASTGPIO ReZIStET MAP ...c.vvvieiieieiieeeiie ettt e 420
Table 612: BBVALUE REZISLET .....cccueeiuiieiiiiiieiie ettt ettt st eneeas 421
Table 613: BBVALUE RegiSter BitS........cccveveiiiiiieiieciieiieie ettt s 421
Table 614: BBSETCLEAR REZISLET .....ccuieuiiriieiieiieeee ettt et 421
Table 615: BBSETCLEAR Register Bits.......cccccieiieiiiiiiiiieeie e 422
Table 616: BBINPUT REZISEI.......cccvieiieiiieiiieiieciie ettt eetee et eie e e saeeetveeee e saesseeeeseenees 422
Table 617: BBINPUT RegiSter BitS .......cccceeiiiieiiiieciiiecie ettt 422
Table 618: DEBUGDATA REZISTET ....cc.eeiuiiiiiieiieiie ettt ettt st ee e seve e s 423
Table 619: DEBUGDATA RegiSter BitS......c.cccooiiiiiiiiiiieciieciee et 423
Table 620: DEBUG RE@ISTET .....ccueiiiiiiieeiie ettt ettt ettt ettt saee e e 423
Table 621: DEBUG Re@ISter BitS........cccuiiiiiiiiiiiieeie ettt et 423
Table 622: GPIO REISTET MaAP ....uviiiiiieeiiieeiiie ettt ettt etie e sebe e e sere e e sebe e e ssaeeeaaeenns 425
Table 623: PADREGA REZISTET ......ccueiiiriiiiieiieiiiertirtee ettt sttt s 427
Table 624: PADREGA RegiSter BitS.......cccciiiiieiiieniieiieeiieiie ettt 427
Table 625: PADREGB REZISLET ......cccviieiieeiie ettt 429
Table 626: PADREGB RegiSter Bits.........cocuiiiiriiriiiieiiiiiienieseeece ettt 430
Table 627: PADREGC REZISIET ......ccuveeuiiiiiieiieeiieciie et eetie et e st sete e e seeessaesnaeenseanees 432
Table 628: PADREGC Re@ISter BitS......cc.ceevuiieiiiieiieiesiie ettt eete e tve e e 432
Table 629: PADREGD REZISLET .....cccuueeuiiiiiiiiieiie ettt ettt sttt 434
Table 630: PADREGD RegiSter BitS........ccccevciieriieiiiciieeiieie ettt et s 435
Table 631: PADREGE REZISET ......cccviiiiiieeiiie ettt sttt eeae et e aae e 437
Table 632: PADREGE Register BitS........ccccoioiiiiieiiieiieiieie et s 437
Table 633: PADREGEF REZIStOT .......cc.ceiiiiiiiiieiieciie ettt et e s 439
Table 634: PADREGF RegiSter BItS ......c.ccciiiiiiiiieiiie ettt 439
Table 635: PADREGG REZISLOT .....cccuieiiiieiiiiiieiieeiie ettt ettt et s s 442
Table 636: PADREGG Register BitS.........ccccciiiiiieiieeiiciieiie et 442
Table 637: PADREGH REZISTET ......cccuviieiiieeiiiecieeeeiie ettt etie e stve e saae e vae e vaeeennaeenns 444
Table 638: PADREGH Register BitS........cc.ccooiiiiiieniieiieeiiiie ettt s 444
Table 639: PADREGI REZISLET.......ccccuiiiiiiieiiiieeiieiesie ettt iae e ave e e vae e enes 447
Table 640: PADREGI Re@iSter BitS .......cc.ccciiiiiiiieieiie ettt e 447
Table 641: PADREGJ REZISIET .....ccouviiiieeiieeiiiee ettt ettt et snae e e 449
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Table 642: PADREGJ ReISter BitS ......c.ccccviiriieiiieeiieiieiieie ettt sttt 449
Table 643: PADREGK REZISTEI ......ccciiiiiiiieciie ettt ettt eeae e sene e enne e 452
Table 644: PADREGK RegiSter BitS........cceeioiiiiiieriieeiieiiieiie ettt 452
Table 645: PADREGL REZISIET .....cccciiiiiiieeiie ettt ettt s e e 454
Table 646: PADREGL Register BitS.......cccoeiiiiiiiiiieiie e 455
Table 647: PADREGM REZISLEI .....c..cevuiiiiieiiieiieeiie ettt ettt ettt st seeeebe e s 457
Table 648: PADREGM RegISter BitS......ccceeeiiieiiiieeiiieciiietie ettt 457
Table 649: CEFGA REZISET ..c..ueeuiiriiiiiiiiiecie ettt sttt e et 458
Table 650: CFGA RegIStEr BitS......ccouiiiiiiiiiiiieiie ettt sttt st enes 459
Table 651: CFGB REZISIET ...c.uvvieiiieciiie ettt ettt eeeee e e e eee e e sebe e e sareeessseeessseeesaaenns 463
Table 652: CFGB RegiSter Bits ......cocuiiiiiiiiiiiieniinicece et et 463
Table 653: CFGC REZISIET ....cccuiiiiieiieciie ettt ettt et estaesaae e e e e saeesaesebeenneas 467
Table 654: CFGC RegIStEr BItS .....cccciiiiiiieiiiie et st e e 468
Table 655: CFGD REZISLET ....cc.ueiiiiiiieiiie ettt ettt et sb e e eneeas 472
Table 656: CFGD RegiSter BitS.......ccceviiiiiiiiieiieeiie ettt ettt e 472
Table 657: CEFGE REZIStET.......ciioiiiieiieeeiie ettt ettt eee e seae e e saae e e snbe e e e 476
Table 658: CFGE RegiSter BitS ........c.coviiiiieiiiiiieiie ettt ettt 477
Table 659: CEFGE REZISIET .....ccuiiuiiiiieitie ettt ettt et et saaeseve e e s aeenaesebeeneeas 481
Table 660: CFGF ReIStEr BItS ......ccviiiiiieiieiiieiieeee et 481
Table 661: CFGG REZISLET ....cc.uiiiiiiiieeiie ettt ettt ettt sttt st ente e e enes 485
Table 662: CFGG ReIStEr BitS......cccviiiiiiiiiiiieiieeie ettt ettt eive e e esaeseveenees 485
Table 663: PADKEY REZISET.......cciiiiiiiiiieeiie ettt stae e stve e srae e vaeeeaae e 487
Table 664: PADKEY Re@ISter BitS ......c..cccuiiiiiiiieeiie ettt 487
Table 665: RDA REZISET ....ccccviiiiiieiiie ettt et e e e e easeeesaneeens 487
Table 666: RDA RegISter BitS .......cooiiiiiiiiiiiiiiiieie ettt 487
Table 667: RDB REZISIET.......cccuiiiiiiiieeiie ettt ettt ettt saaeeebe e et e e ssaesebeenneas 488
Table 668: RDB RegIStET BitS ......ceeiiiiiieiiieciiiecieiesiie ettt e ave e vae e vae e enns 488
Table 609: WTA REZISET ......cciiiiiieitie ettt ettt ettt st et e st eesateenbeenes 488
Table 670: WTA ReISEr BitS .....c.ccoiiiiiiiiiiieiie ettt 488
Table 671: WTB REZISIET ....cccuviieiie ettt ettt ettt e eeeee e e sebe e e saaeeesebeeessseeennaeens 489
Table 672: WTB ReISter BitS.....cc.coviiiiiiiiiiiiieniieiiece et 489
Table 673: WTSA REZISIEI.....ccueiiiieiiieeiieeieeeeiestieetie ettt et e e et aesaaessbeeeneensaessaeseseenneas 489
Table 674: WTSA RegISter BitS ......cccoiiieiiieeiiieciie ettt ste et 489
Table 675: WTSB REZISIET .....c..eiiiiiiieeiie ettt ettt ettt sttt e s e enneas 490
Table 676: WTSB REgISIEr BILS .....cccveeiiiiiiiiiieiieeiie ettt s 490
Table 677: WTCA REZISIET .....ceeiieieiieeeiie ettt et et eeeaee et e sareesese e e seneeeenseaeesseeeens 490
Table 678: WTCA RegIStEr BItS.....cccuieiiiiiieiiieiieeiie ettt 490
Table 679: WTCB REZISIET ....c.ueeuiiiiieiiie ettt ettt et srae e e e e ssaeenaeenneaneeas 491
Table 680: WTCB Re@IStEr BitS......ccueiieiieieeeiesiieeieeee et sttt 491
Table 681: ENA REGISTET.......cciieiiiiiieitie ettt et ettt ettt saaesnbe e e e saessaesnbeenneas 491
Table 682: ENA REIStEr Bt ....ccueiiiiiiiieiieeiiieiieciie ettt et e e srae e s 491
Table 683: ENB REZISTOI .....ccciiiiiiieciiie ettt ettt e ette e sebe e sere e e sabe e e sraeeensaeenns 492
Table 684: ENB Re@ISter BitS ......c.cccciiiiiieiiieiieiiieiie ettt 492
Table 685: ENSA REZISLET ..ieccuiiiiiiieiiieeiiieeiie ettt ettt st eessreesenreesaseeesnseeeenneeesnneeens 492
Table 686: ENSA Re@ISter BitS......coouiiiiiiiiiiieiieeie et 492
Table 687: ENSB REZISETI......cc.ciiiiiiieeiieeiteeieertie et ettt et e e saaeesaeeieeeeaessaessseenneas 493
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Table 688: ENSB RegIiSter BitS .......ccceeviiiiiiiiiieiieeiie ettt ettt srae s 493
Table 689: ENCA REZISET ...ccuviiiiieeeiieceiie et te ettt ettt ee e ee st ee et eesereeessseeessseeesnneaens 493
Table 690: ENCA Re@ISter BitS.......ccceiiiiiiiiiiieiieeiie ettt e 493
Table 691: ENCB REZISIET ...ccuvvieiiieiiieeeiie ettt et sttt eeseie e snte e e seseeeseseeesnneeens 494
Table 692: ENCB RegiSter BitS......ccc.eeiiiiiiieiiiiieiie ettt 494
Table 693: STMRCAP REZISIET .....cocuveeuiieiiieiieeiie ettt ettt st e e ssaeesae e eneas 494
Table 694: STMRCAP Re@ISter BitS......ccueieiiiiieiieeiiie e e 494
Table 695: IOMOIRQ REZISTET .....c..cevviriiiieiiiieiiestiet ettt sttt et 495
Table 696: IOMOIRQ Register BitS..........cccoeveiiiriieiiiiiiiiicie et 495
Table 697: IOMITIRQ REZISIET ......oeeeiiieeiiieeiiie ettt eete e e sebe e e saae e naeens 496
Table 698: IOMIIRQ Re@ISter BitS.......cccuieiiriiniiriiieciecicie ettt 496
Table 699: IOM2IRQ REZISTET .......covvieiiiieiiiiieiieeiie ettt ettt saee e ee e s e e ssaesebeeneeas 496
Table 700: IOM2IRQ RegISter BitS......cccuiiiiiieieiie e 496
Table 701: IOM3IRQ REZISTET ......ceeiiiiieeiiieiieiie ettt ettt saee s e as 497
Table 702: IOM3IRQ RegIiSter BitS.........cccieiiiiiiieiiie ittt e 497
Table 703: IOMA4IRQ REZISIET ......ceeciiieiiiiecieiecie ettt ete e tae e stae e rae e raeennaeenns 497
Table 704: IOM4IRQ RegiSter BitS........cccuiiiiiiiieiie ettt et e 497
Table 705: IOMSIRQ REZISTET ......ceeivieiiiiiiiieiiestie ettt ettt st st ee e e esae e enseaenns 498
Table 706: IOMSIRQ Re@IStEr BitS.....c.cccueiieriieiiiieie et 498
Table 707: BLEIFTRQ REGISTET .....cccueiiiieiiieeiieiieiie ettt 498
Table 708: BLEIFTRQ Re@ISter Bits .......ccccviriieriieeiiecieeeeeiie et s 498
Table 709: GPIOOBS REISIET ......uuiiiiiiiiiieciie et ettt ee e et ee e e e sare e e eeseeeseseeesaneaens 499
Table 710: GPIOOBS RegISter BItS ........cccciiiiiieriieeiieiiieiieie ettt st s 499
Table 711: ALTPADCEFGA REZISLET ....cccuvieeiiieeiiie ettt et et ee e seve e seve e e saseeesane e 499
Table 712: ALTPADCFGA Register BitS .......cccceeiiiiiiiiiiiieiie e 499
Table 713: ALTPADCEFGB REISIET.......ccuieiiieiieiie ettt n 501
Table 714: ALTPADCFGB RegiSter BitS .......cccouiiiiiieiiiiecie e 501
Table 715: ALTPADCEFGC REZISTET......ccueeuuiriiiriiriinieeie ettt sttt et saee s e e 502
Table 716: ALTPADCFGC RegiSter Bits ........cocuveeiiiiiiiieie et 502
Table 717: ALTPADCEGD REZISLET ....cccueeuiieiieiieiiiieie ettt et ene 503
Table 718: ALTPADCFGD Register Bits.........ccccvviiiiiiiiiiiiiieiiesiccecie e 503
Table 719: ALTPADCEFGE REZIStET .......cccuiiiiiiiieiiiecie ettt et 505
Table 720: ALTPADCFGE RegiSter BItS .......cccciiiiiiiiiie ettt 505
Table 721: ALTPADCEFGF REZISET ......ceiiiiiiiiiieciie ettt ettt s 506
Table 722: ALTPADCFGF Register BitS.........ccccoeriiiiiiiiiiieeie et 506
Table 723: ALTPADCEFGG REZISLET ....cc.uiieeiiiieciiiieciie ettt eette e ete e vee e vae e rae e enes 507
Table 724: ALTPADCFGG Register BitS........ccccoeiieiiiiiiiiiecie e 507
Table 725: ALTPADCEFGH REZISLEI ......cccuiiiiieiieiiiiiteeteeie ettt ettt e 509
Table 726: ALTPADCFGH Register Bits.........cccoooiiiieieeieieeiesieeeeeee e 509
Table 727: ALTPADCEFGI REZISTET ....c.eeeuiiiiieiieeiie ettt sttt s 510
Table 728: ALTPADCFGI Re@ister Bits........cccccieeiieiiiiiieiie et 510
Table 729: ALTPADCEFGJ REZISTET ......ccccviieiiie e ciie ettt et et eeiae e seae e saaee s 511
Table 730: ALTPADCFGIJ RegiSter Bits ......cc.covieeiiiiiiiiiicie et 511
Table 731: ALTPADCEFGK REZISLET ....cccuvveeiiieiiiie ettt ettt 513
Table 732: ALTPADCFGK Register Bits........cccoeriiiiiiiiiieiie e 513
Table 733: ALTPADCEFGL REZISTET .......ccuieiiieiieiie ettt ettt n 514
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Table 734: ALTPADCFGL Reg@ister BitS ........ccccveviieiiiiiiieiieciececeeiee e 514
Table 735: ALTPADCEFGM REZISLET .....ccuvviiiiieeiiie e cittetieetee et seve e eeaeeeseaeaesaaeaens 515
Table 736: ALTPADCFGM Register Bits ........ccceciuiiiiiiiiiiieiieiieiie et 515
Table 737: SCDET REZISET .....viiiiieiiie ettt ettt et eeseie e sere e e ssneeeseseeesaneeens 516
Table 738: SCDET Re@iSter Bits........covuiiiieiiiiiieiie ettt ettt 516
Table 739: CTENCFG REZISLOT......ccc.ieiieeiieiiieiieeiie ettt ettt sttt e s eebe e s 517
Table 740: CTENCFG RegISter BItS .....cccuiiiiiiiieiieeiiie et e 517
Table 741: INTOEN REZISTET .....cccueiiiieiie ettt sttt ettt s ettt seaeenee s 520
Table 742: INTOEN ReEIStEr BtS ......cecuiiiiiieiieiie ettt sttt s 520
Table 743: INTOSTAT REZISTET .....eeccuiieeiieeiiie et ee et et ee e eeeeteeeseteeeseseeesebeeessseeensaeanns 521
Table 744: INTOSTAT RegISter Bits.....ccceeuiriiriiiiicie ettt 522
Table 745: INTOCLR REZISET ......ceeviieeiiieiieiiieiieeiie ettt ettt staesnveeee e e s aeesaeseseeneeas 523
Table 746: INTOCLR RegIStEr BItS......ccciuieiiiiieiiie ettt 523
Table 747: INTOSET REZISTET ....c..ciiiieiiieeiieiieiie ettt ettt sttt st a s 525
Table 748: INTOSET RegIStEr BitS......cccueeiuieiiieiieciie ettt ettt et eie e ssee e e s 525
Table 749: INTTEN ReEISTET ....cccuuiiiiieiiiieeeiie ettt ettt et e e e seae e e ease e e enne e e e 527
Table 750: INTIEN RegIStEr BitS ......covuiiiiieiiiiiieiie ettt s 527
Table 751: INTISTAT REZISIET ...eeeeieeeieeiieeieeeiieetie ettt et et stve e eaeseeesseenees 528
Table 752: INTISTAT RegISter BitS.....cccueeieriieiiiiiieeie ettt 528
Table 753: INTICLR REZISET ...cuceeriieiiieeiiieiieetie ettt sttt et s 530
Table 754: INTICLR RegiSter BitS ......c..cccuieiiiiiiieriieeie ettt ee e srae e 530
Table 755: INTISET RE@ISTOT ...ccuviiiiiieeiiieeieie ettt ettt e e stae e e sete e save e e sraeeesaaeeenaeenns 531
Table 756: INTISET Re@ISter BitS......cccuiiiiiiiieiiie ettt st e 531
Table 757: CLKGEN Re@IStEr IMAP .....eeeiiieeiie ettt ettt s see e sane e 539
Table 758: CALXT REZISTET......ceiitiiiuieeiieieetie et ettt sttt st e e s 541
Table 759: CALXT ReZISLEr BitS ....cceeeiuiiiiiiiieiiie ettt ettt s 541
Table 760: CALRC REZISLT......ccccuiiiiiieeiie et ettt tet e e s eeeteeesare e e sebeeeseseeessseaens 542
Table 761: CALRC Re@IStEr BItS ....cc.cociiiiiiieiiiiiieiieee ettt 542
Table 762: ACALCTR REZISIET ....covvieeuiieiiieiieeiieciie ettt et et et st esae e e e ensaessaeenseannnas 542
Table 763: ACALCTR Re@ISter BitS......cueiiiiiiiiiieieiie ettt e 542
Table 764: OCTRL REZISTET ........ovuiiriiriiieiieeiie sttt ettt et s 543
Table 765: OCTRL Re@IStEr BItS ........cccuieiiiiiiieiieciie ettt ssae e 543
Table 766: CLKOUT REZISLET.......ccciiiieiiieieiieeeiieeetie et ctee et ee e e ee s ee e aessaeeeenseeeeens 544
Table 767: CLKOUT Re@ISter Bits .....cceeeiuieiiiiiieiiie ettt s 544
Table 768: CLKKEY REZISIET.......cccovieiiieeiieiieiieeiie ettt et e sreesaae et e e e ssaesnaeenneanns 546
Table 769: CLKKEY Re@ISter Bits .......cccceiciiiiiiieciiie ettt 546
Table 770: CCTRL REZISTET ......eeiuiiiiieeiie ettt ettt ettt e et e b e as 546
Table 771: CCTRL RegISTETr BitS.......cevieiiieiiieiieciie ettt ettt e e e erae e 546
Table 772: STATUS REZISIET .....ceouieiiiieie ettt et ettt et ae et sseeneee e e e ensesneeas 547
Table 773: STATUS RegISter BIts .....coouiiiiiiiieiie ettt 547
Table 774: HFADJ REZISLET .....ocouiiiiieeiieeie ettt ettt ee et staeeaee e e e esaessaeenne s 547
Table 775: HFADJ RegISter BitS.......uciiiieiiiieciie ettt 547
Table 776: CLOCKENSTAT REZISTEI ....cccuieiiieiieiiieeiieeiieiie ettt sttt seae e enes 548
Table 777: CLOCKENSTAT Re@iSter Bits.......ccccveeeiiieriiieiiiecieeeeie et 549
Table 778: CLOCKENZ2STAT ReEZISTEI .....ecciiieeiiieeiiieeieieiieceeeeteeeeieeeeeveeeseveeeseseeesnneeens 549
Table 779: CLOCKEN2STAT RegiSter Bits........coooueeiuiiiiiriieeieeeeeeieeiie et 550
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Table 780: CLOCKEN3STAT REISIET ......eiiviieeiieeiieieieiieie ettt een e sraeseve e 550
Table 781: CLOCKEN3STAT RegiSter BitS.......ccceviuiieiiiieiiiecieeece e 551
Table 782: FREQCTRL REISIET ....cc.eeeuiiiiiiiiieeiie ettt ettt ettt e a s 551
Table 783: FREQCTRL Re@IiSter BitS.......ccceouiiiiiiieiiiieciieeieeecieeeeiieeeiie e 551
Table 784: BLEBUCKTONADJ REZISET.....c.eoviieiieiieiieeiieie e steeeee et seee e e eea s 552
Table 785: BLEBUCKTONADIJ Register BitS .......c.cccceeeiiiiieiiiiiieeiie et 552
Table 786: INTRPTEN REZISLEI......ccccuviiiiieeiiie e ceie ettt et eee e eete e seve e sebe e e sebeeesaneens 554
Table 787: INTRPTEN RegiSter Bits ......cccueeiiiiiiieiiieeiieieeiie ettt e 554
Table 788: INTRPTSTAT REZISIET .....ccuieiiieiieiieeiie ettt ettt st et enes 554
Table 789: INTRPTSTAT Re@iSter Bits .....cceeeeevieeiiieeiie et 554
Table 790: INTRPTCLR REZISTET ......ccueeuiiiiiiiiiniiiiiiecie ettt sttt e st 555
Table 791: INTRPTCLR RegiSter BitS.........ccceeriieiieeiiiiieiie et 555
Table 792: INTRPTSET REZISLEI....cccuviiiiiieeiiieeiiieeieie et ee e eee e e eete e seve e e svae e e saaeeeaaeenns 556
Table 793: INTRPTSET RegiSter Bits ........cccciiiiiieiiieiiieiiiie et 556
Table 794: Alarm RPT FUNCHION ....ooviiiiiiiiiiiiiieiieeee et 558
Table 795: RTC ReGIStEr MaAP ......uiiiiiiieiie ettt ettt et et seae e ease e e enae e e 559
Table 796: CTRLOW REZISTET ......ccooviiriieiiieiiieiieeiie ettt ettt ettt ssee s eneeas 560
Table 797: CTRLOW ReEgIStEr BitS......c.ccccuiiiiiiiieciie ettt enae e 560
Table 798: CTRUP REZISIET ......eevuieiiiieie ettt sttt st seee et nneense e 561
Table 799: CTRUP RegiSter Bits........cooieiiieiiiiiieriie ettt et et 561
Table 800: ALMLOW REZISIET .....ccccviiiiieeieeieieiieetie ettt et eeeeseeesraessveeeeeensaessaessseenneas 562
Table 801: ALMLOW Re@ISter BItS .....c.eeiiiieiiiieciiie ettt 562
Table 802: ALMURP REZISIET .....ccuiiiiieiieeiieeiteeiteetie ettt ettt esatessbeeie e et aessaeseseeneeas 562
Table 803: ALMUP ReISter BItS ....ccuevieiiiieiiieeiiiecieieeie ettt stve et 563
Table 804: RTCCTL REZISTET ... .cccuieieiieeeiieeeiie e creeerteteeevee et e sesreeseneeessseeessneeesnneaens 563
Table 805: RTCCTL RegISter BitS ......cccuiiiiiiiieiiieeiieiieiceie ettt ettt 563
Table 806: INTEN REGISIET ......ccciiieeiiieeiiieeeeecitee ettt eee e eeeeesebeeesebeeesebeeessseeessaeessaeenns 564
Table 807: INTEN RegiSter Bits ........ccouiiiiiiiiiiiieciie et 564
Table 808: INTSTAT REZISTEI ....ccueeiuieeiieiiieiieitie ettt cete et et et sete et e seeessaessbeenseanees 565
Table 809: INTSTAT RegISter BitS......cccciiieiiieiiiiecieeecie ettt e e 565
Table 810: INTCLR REZISTET ......coueeriiriirieiiiciie sttt sttt sre e s 565
Table 811: INTCLR Re@IStEr BitS.......ccueeiuiiiiieiieiie ittt 565
Table 812: INTSET REZISIET .....ccuvieeiiiieeiiiecie ettt ste e sebe e e seae e e svae e vaeeennaeenns 566
Table 813: INTSET RegiSter BitS........ccciiiiiiiiieiie et 566
Table 814: Counter/Timer Output Pad Configuration.............ccceevevienienieeiienciieniie e 579
Table 815: CTIMER Pad Input CoNNECtIONS.........ccccvveiiiieiiiieeiieetie e ee e e e 580
Table 816: CTIMER ReISter IMAP .....ccueeiiiiiiiiieciie ettt sttt s 587
Table 817: TMRO REZISIET ....ccueiiiieiieeiiecieeeeiet ettt et saae e e e e saessaeeeseeneeas 589
Table 818: TMRO RegiSter BitS.......cccuieiciiiiiiieieiie et 589
Table 819: CMPRAQD REZISET .......ciiiieiiieeiieiieiie ettt ettt sttt sate e e s 589
Table 820: CMPRAO Re@iSter BitS .........cccieiiiiiiieiiiecie ettt 590
Table 821: CMPRBO REZISTET ......ueiiiiieiiie ettt ettt e e e seae e eare e saae e e 590
Table 822: CMPRBO RegISter BifS......cc.eeeuiiiiiiiiieiie ettt 590
Table 823: CTRLO REGISIET.....ccoiiieiiiieiiiie ettt ettt et ee e e e e e e seae e e saneeesaseeeneee 591
Table 824: CTRLO RegIStEr BItS ....cccvuiiiiiiiiiie et 591
Table 825: CMPRAUXAQ REZISLET ....cc.ueeuiiiiieiieeiie ettt ettt sttt sebe e 594
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Table 862:
Table 863:
Table 864:
Table 865:
Table 866:
Table 867:
Table 868:
Table 869:
Table 870:
Table 871:

CMPRAUXAQO Register Bits

CMPRAUXBO Register ........cccceeeeuneenee.

CMPRAUXBO Register Bits

AUXO0 Register ......ccccvveeveeiceineieieeieene,
AUXO0 Register Bits........cccceevereenciuennnene
TMRI1 ReIStEr ..c.vvvevvveiiieiieeiie e
TMR1 Register Bits........cccccvveviieeeniennnee.
CMPRAT Register......cccccoervenernenecnncenn
CMPRALI Register Bits ........ccccceeeueennenee.
CMPRBI Register.......cccceeeuverecueeeeneennnen.
CMPRBI1 Register Bits......c...ccceveeeenneeee
CTRL1 RegiSter.....cccevueeriaiieiieeeie e,
CTRLI Register Bits ........cccceevvveenneeenen.
CMPRAUXALT Register .........ceecueeueennnns

CMPRAUXALI Register Bits

CMPRAUXBI Register .......cccccvveeenveennee.

CMPRAUXBI Register Bits

AUXT RegISter ....ccoeevvveeieeieeiieiieeiie e
AUXI Register Bits.......ccccoeevveeeveeeenieennee.
TMR2 REeZIStEr ..cevveneeiiieiie e
TMR2 Register Bits........cccovveevrrieenieeenne,
CMPRAZ2 Register.......cccceevvrveeecreeeerieennne,
CMPRA2 Register Bits .........cccceveveenneen
CMPRB2 Register......c.cceevvvveerrieeriieennee,
CMPRB2 Register Bits........cccccecueeriennnne
CTRL2 ReISter.....cccvvevieiieiieeiieeireeeaans
CTRL2 Register Bits ........cccceeevvveeenrienen.
CMPRAUXAZ2 Register ........ccccceeeruennee

CMPRAUXAZ2 Register Bits

CMPRAUXB2 Register ........ccccveeeveenee.

CMPRAUXB2 Register Bits

AUX2 RegISter ...cccvveeeveeiieiieiieerie e
AUX2 Register Bits.......ccccoecvvverieiennieennne
TMR3 Re@iSter ...cc.cevvveeneieeiieiieiieeiieenen
TMR3 Register Bits........cccceeeveecniinciinnnnns
CMPRA3 Register.......ccceeeveeenreeenieeennen.
CMPRA3 Register Bits ........ccccceeevivenennne.
CMPRB3 Register........ccevvverieeneenrennnnnns
CMPRB3 Register Bits........cccccccuveeeuneenee.
CTRL3 RegiSter......ccceevveeiieniieeieeeeeeenns
CTRL3 Register Bits .......ccccceevevveeeieenee,
CMPRAUXAS3 RegiSter .......ccceeveeeevveennee.

CMPRAUXA3 Register Bits

CMPRAUXB3 Register ........cccccueeerrnennee.

CMPRAUXB3 Register Bits

AUX3 ReZISter ..cocvveiieeeiieieeiie e
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SNVR2 Register ......cccccvevviveerieienieenne.
SNVR2 Register Bits........ccccceeveeeeuveennnenn.
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FR Register......ccocevevueniennnnne.
FR Register Bits........ccceceeneee.
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CUST _PUBKEY_ W23 RegiSter Bits ......cccceevieiiiiiieniie e 903
CUST PUBKEY W24 REEISIET .....ccuieiiieiieeieeieieiieeiieereeieeeneeesraessneasneensaens 904
CUST PUBKEY W24 Register Bits ......ccccceeverieiieienierieeeee e 904
CUST PUBKEY W25 REZISIET .....ccuvieiiiiiiesieeieeeiie sttt siteseve e 904
CUST PUBKEY W25 Register Bits .....c.cccoveviieeieeiiiiieniie e 904
CUST _PUBKEY W26 REZIStET ......ccueeiieiieeeieiieeeiesiieeeee et 905
CUST _PUBKEY W26 RegisSter Bits .......cccceeviieiieiiieiieiieeie et 905
CUST PUBKEY W27 REZISLET .....ceevuiieriiieniieeiiieeciieee e eesiieeeseieesaaeeseae e 905
CUST PUBKEY_ W27 Register Bits .......cccccecierieniiiieeeie e 905
CUST _PUBKEY W28 REZISIET .....ceciieiieeeiieiieeiieeiieeeeeeeeeiee e eeaesseeseaeeneeas 906
CUST PUBKEY W28 Register Bits .......ccccoocveeviiieiiieeie e 906
CUST _PUBKEY W29 REZIStEr.....cccuieieeiieriieiieniieieeeee et eeae e 906
CUST _PUBKEY W29 RegiSter Bits ......ccccueeeiieriieniieeiieieeeiiesiie e 906
CUST PUBKEY W30 REZISter.....ecuiiuieriiiiiiieieeeie et 907
CUST PUBKEY W30 Register Bits ........cccccvervieneeiieiieninnicnececie e 907
CUST _PUBKEY W31 REEISIET ....ueeuiieiiieriieeeiieiiestieeiie et et seie e aseee s 907
CUST PUBKEY W31 Register Bits ......cccceceviiriieeiiie e 907
CUST PUBKEY W32 REZIStEr .....ccuiriiiniiriiniineeieeie ettt 908
CUST PUBKEY W32 RegiSter Bits ......ccccvevieriieiieciieeieeeeesiee e 908
CUST PUBKEY W33 REZIStEI....ueeuuiriieiieieieniee ettt s 908
CUST _PUBKEY_ W33 RegiSter Bits ......cccceevieiiiiiieniie e 908
CUST PUBKEY W34 REEISIET .....cccuieiiieiiesieeieieiieeiieereeieeeneaesraessneesneesaens 909
CUST PUBKEY W34 Register Bits ......ccccceevereeieeieeierieeeeeee e 909
CUST PUBKEY W35 REZISIET .....ccuvieiiieiiesieeiteeiie sttt seee st 909
CUST PUBKEY W35 Register Bits .....c.cccoveviieeieiiiiieniieeie e 909
CUST PUBKEY W36 REZISter ......ccuveiieieeeieiieeiieseieeeeeee et 910
CUST _PUBKEY W36 Register Bits ........ccceevierieiiieiiiiieeie et 910
CUST PUBKEY W37 REZISLET .....cceeuiiiriiiiereieeiieeeiieeesiieeesiieeeseveesveeeseae e 910
CUST PUBKEY_ W37 Register Bits .......cccccecierieniiiiiecie e 910
CUST _PUBKEY W38 REZISIET .....ceeiieriieeiiieiieciieeiieeeeeseteeeee e eeae e seneeneeas 911
CUST PUBKEY W38 Register Bits .......cccccocveeviiieniieeieceieeeie e 911
CUST PUBKEY W39 REZIStEr.....cccuieieeieriieiieniieieeeee et eie e e 911
CUST _PUBKEY W39 RegiSter Bits ......ccccueeciiiiieniieeiieeieiieniie e 911
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Table 1470: CUST PUBKEY W40 Re@ISIET......cccuieiiiiiiirieciieeieeeeeeeiee e ee e e 912
Table 1471: CUST PUBKEY W40 Register Bits .......ccccceceeieriiiiiiee e 912
Table 1472: CUST PUBKEY W41 REZISEI ......coteiiiiieriiiiieiiiisieeeeeeie ittt 912
Table 1473: CUST PUBKEY W41 Register BitS .......cccccevviiieriieiiiieeiieceie e 912
Table 1474: CUST PUBKEY W42 REZISEI ......ccceeiuieeieeeieieeiieniieeee et ee e eneens 913
Table 1475: CUST PUBKEY W42 Register Bits ........ccccovvuiiiiiiiiiiniie e 913
Table 1476: CUST PUBKEY W43 REZIStET ......cccoviieiiiieiiieeeiieeiie et 913
Table 1477: CUST PUBKEY W43 Register Bits ......c..cccccciiiiniininiiiniciecicnienenecec 913
Table 1478: CUST PUBKEY W44 REZISIET ......ccciuiiiieriiieiieciieeiesiie et e e snae e 914
Table 1479: CUST PUBKEY W44 Register Bits ........ccccceoieieiiiririeeeie e 914
Table 1480: CUST PUBKEY W45 REZISLET ......cocviriiiiiiiiiiiiiie sttt ettt 914
Table 1481: CUST PUBKEY W45 Register Bits .....ccccccevieeiiiiiiiiiecie e 914
Table 1482: CUST PUBKEY W46 REZIStEr ......ccceiiuieiieiieieeeie sttt 915
Table 1483: CUST PUBKEY W46 Register Bits .......cccccovieeiieiiiiiienie e 915
Table 1484: CUST PUBKEY W47 REZISIET ......ccvieeiiiiiiirieciieeieeeeee et eere e eaeerae e 915
Table 1485: CUST PUBKEY W47 Register Bits .......ccccceoeeierieiineeieeie e 915
Table 1486: CUST PUBKEY W48 REZISLET .....cccueiuiiiiiiiiiiieiiienieeeeiecie ettt 916
Table 1487: CUST PUBKEY W48 Register Bits .......ccccvevieiiieiiiiiieiiecie e 916
Table 1488: CUST PUBKEY W49 REZIStEr ......cceeiuieiieeiieiieeeiesiieiee et 916
Table 1489: CUST PUBKEY W49 Register Bits .........ccccoceviineriiiniiieiienieecececeeie 916
Table 1490: CUST PUBKEY W50 Re@ISIET ......ccvieeiiiiiiciieciieeieeeeieiee e e 917
Table 1491: CUST PUBKEY W50 Register Bits .......cccccueceeieniieiiiieie e 917
Table 1492: CUST PUBKEY W51 REZISEI ...c.cevtiiiiiiiriiiiieiiiesieeteeeie ettt 917
Table 1493: CUST PUBKEY W51 Register BitS ......ccccveeiiieiiiiiieeeiieceee e 917
Table 1494: CUST PUBKEY W52 REEISEI ...c..cciiiieiieeiieiieeeiesteeeee et e e eeens 918
Table 1495: CUST PUBKEY W52 Register Bits .......cccceeiieiiiiiiiiiecieeeeeiee e 918
Table 1496: CUST PUBKEY WS53 ReZIStET ......ueeviieiiiieciie ettt 918
Table 1497: CUST PUBKEY W53 Register Bits ......cccccceoiiiiniininiiiciecicniesenecece 918
Table 1498: CUST PUBKEY W54 REZISIET ...c.eeiiiiiiiiieiieciieeeiesiie ettt s 919
Table 1499: CUST PUBKEY W54 Register Bits ......cccccceiieierieniiiieeeie e 919
Table 1500: CUST PUBKEY W55 REZISLET ...c..eviiiiiiiiiiiieiiie sttt 919
Table 1501: CUST PUBKEY W55 Register Bits .....c.ccccveviieiiiiiiieiiecie e 919
Table 1502: CUST PUBKEY W56 REZIStEr ......cciiiuieieeiieieeeie sttt 920
Table 1503: CUST PUBKEY W56 Register Bits .......ccccovieiiiiiiiiiieiie e 920
Table 1504: CUST PUBKEY W57 REZISIET .....ccoviieiiiiiietieciie ettt e 920
Table 1505: CUST PUBKEY W57 Register Bits .......ccccceoeeierieiiiieieeie e 920
Table 1506: CUST PUBKEY W58 REZISLET .....ccoueiiiiiiiriieiiiniienieeeeecie ettt 921
Table 1507: CUST PUBKEY W58 Register Bits .....c.ccccveviieeiieiiiiiieiecie e 921
Table 1508: CUST PUBKEY W59 REZISter .....cccieiieiieeiieiieeeiesieeieeee e 921
Table 1509: CUST PUBKEY W59 Register Bits .......cccceevieiiieiiiiiiieiiecie et 921
Table 1510: CUST PUBKEY W60 REZIStET......cccuieiiiiiieiieeiiieiiceeieiee e e 922
Table 1511: CUST PUBKEY W60 Register Bits .......ccccceceeierieiiiniee e 922
Table 1512: CUST PUBKEY W61 REZISIET ......ceviiiiiaiiiiieciieeieeeiieiie et 922
Table 1513: CUST PUBKEY W61 Register BitS .......cccoeviiiieiiieiiiieeiieeeiie e 922
Table 1514: CUST PUBKEY W62 REZIStEr ......ccceeiuieiieeiieiieieieiieeee et eeens 923
Table 1515: CUST PUBKEY W62 Register Bits ........ccccoevieiiiiiiiniieiiecieeieie e 923
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Table 1516:
Table 1517:
Table 1518:
Table 1519:
Table 1520:
Table 1521:
Table 1522:
Table 1523:
Table 1524:
Table 1525:
Table 1526:
Table 1527:
Table 1528:
Table 1529:
Table 1530:
: CUST PUBHASH W2 Register BitS......c.ccoceevuiiriiiiieciie et 927
Table 1532:
Table 1533:
Table 1534:
Table 1535:
Table 1536:
Table 1537:

Table 1531

CUST PUBKEY W63 REZIStET.....ccccuiieriiiieiiieeiiieecieeesiie e e e 923

CUST PUBKEY_ W63 Register Bits .......ccccceecierieniiiieiicie e 923
CUSTOMER _KEYO0) REISIET .....ecuiieiieiieeiiieiieeiie ettt st 924
CUSTOMER _KEY0 Register Bits .....c.ccoccuiiiriiieiiiiecieeesiie e 924
CUSTOMER _KEY T REZISETI ......ccviireieeiieeiieiie sttt enae e 924
CUSTOMER _KEY1 RegiSter Bits ......ccccueeiieiiieiiieeiieeeeeieeiie e 924
CUSTOMER _KEY2 REZISET ......ccuieiieiieeiiesiieiiestieseeeeee et 925
CUSTOMER _KEY2 Register Bits .........cccceviriininniiniiiecieiieneieececceeie e 925
CUSTOMER _KEY3 REISIET .....eccuiieiieeiieeiieiie ettt eie e seve e s 925
CUSTOMER _KEY3 Register Bits .....cccccviiiviiieriiieciieecie e 925
CUST PUBHASH WO REZIStI .....evueiiieiiiiiieiiieiieniiese et 926
CUST PUBHASH WO Register BitS.......cccueeeiieriieriieeieeiieiiesiie e 926
CUST PUBHASH W1 REZIStr ..ueeuiiiieiieeeieiie et 926
CUST _PUBHASH_ W1 Register BitS.......cccueeviiiiieniieiiieeeeiiesiie e 926
CUST PUBHASH W2 REEISIET .....eevieeeieeiieiie e eieeeeeesieeeereeieeeeaesraeseveenenas 927

CUST _PUBHASH W3 REZISIET ....ceovieiieeiiieiieeiie ettt e 927
CUST PUBHASH_ W3 RegiSter BitS.......cccueeviiiiieriieeie e cie e 927

CUSTID REZISTET ....vveeiiieeiiie et cieieeitee et ee e e esieeeeeaeeeseaeeeseaeeessseeessseeesaeennses 928
CUSTID RegISter BitS .......ccccuieiiiieiiieiiieiiesiie ettt s 928
Ordering INfOrmation...........cceevieeiieiiieiieeie ettt et s esneessee s 941
Document ReVISION LISt ......c.ceeeuiieeiiieiiiiecie et 942
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1. Apollo3 Blue SoC Package Pins

1.1 Pin Configuration

B VDDB

GPIO18

C VDDBH

GPI006
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GP1038 GP1044
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Figure 1. Apollo3 Blue SoC BGA Pin Configuration Diagram
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1 2 3 4 5 6 7 8 9
IMOBUCK_
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E . @ ‘ @ ‘ ‘ .
F ‘ ‘ @ @ ‘
Figure 2. Apollo3 Blue SoC CSP Pin Configuration Diagram - Top View
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1.2 Pin Connections

The following table lists the external pins of the Apollo3 Blue SoC and their available functions.

Table 1: Pin List and Function Table
BGA | csPPin | GPIOPad | FUMCion | pag Function - .
Pin NGiloes Number Select Name Description Pin Type
Number Number
POWER
B2 B8 - - VDDP VDD Supply for SIMO Buck Converter Power
B1 B9 - - VDDB VDD Supply for BLE/Burst Buck Converter Power
F3 F5 - - VDDH VDD Supply for I/0O Pads Power
C4 C5 - - VDDA Analog Voltage Supply Power
J4 H6 - - VCC RF Voltage Supply Power
E1 D6 - - VDDS High Voltage Digital Supply Power
G2 F9 - - VDCDCRF RF Voltage Supply Power
B3 B7 - - VSSP Ground Connection for SIMO Buck Converter Ground
E3 D5 - - VSSA Ground for Analog Supply Ground
Cc2 Cc7 - - VSSB Ground Connection for BLE/Burst Buck Converter Ground
E2 F7 - - VSS Ground for Digital Ground
F2 G7 - - VSSBA Ground for BLE Analog Supply Ground
H1 E9 - - VSSVCO Ground for BLE VCO Supply Ground
H2 H7 - - VSSS Ground for BLE RF Supply Ground
A6 A4 - - ADCVREF Analog to Digital Converter Reference Voltage Analog
H3 E7 - - DVDD Decoupling Cap for BLE digital supply Power
E4 - - - NC No Connect
BUCK
A3 A7 - - vDDC SIMO Buck Converter Voltage Core Output Supply Power
D2 c6 : ) VDDE SIMO Buck Converter Voltage Flash/Memory Out- Power
put Supply
A1 A9 - - SIMO- SIMO Buck Converter Inductor Switch Output Power
BUCK_SW
A2 A8 - - SIMO- SIMO Buck Converter Inductor Switch Input Power
BUCK_SWSEL
D1 Cc8 - - VDDBH_SW BLE/Burst Buck Converter Inductor Switch Power
C1 C9 - - VDDBH BLE/Burst Buck Converter Voltage Output Supply Power
OSCILLATOR
A4 A6 - - X0 32.768 kHz Crystal Output XT
B4 B6 - - Xl 32.768 kHz Crystal Input XT
G1 D9 - - X032MM 32 MHz Crystal Input XT
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Table 1: Pin List and Function Table

BP?: ESP Al iy ] F;Zﬁetic(:n saciRinction Description Pin Type
N umber Number Number Name
F1 D8 - - XO32MP 32 MHz Crystal Output XT
RESET
G3 G6 - - RSTN External Reset Input énu’i;gt
RF
J2 H8 - - RFIOM RF 1/0 Negative Analog
J1 H9 - - RFIOP RF 1/O Positive Analog
J3 - - - TXEN Transmitter Enable Output
GPIO
0 SLSCL I12C Slave Clock Input
1 SLSCK SPI Slave Clock Input
2 CLKOUT Programmable Output Clock Output
3 GPIO00 General Purpose 1/0 g‘u’i;gt
Ha Fé 0 4 RSV Reserved
5 MSPI4 MSPI Master Interfa_ce Signal 4 Input/
See “MSPI Connection” on page 407. Output
6 RSV Reserved
7 NCEO ISoeg/I ;gzrgngsclj?ni?ll'aeglteoin GPIO Chapter Output
Bidirec-
0 | stsoawRs | (e e
Drain
1 SLMOSI SPI Slave Input Data Input
2 UARTOTX UARTO Transmit Output
ca G5 1 3 GPIO01 General Purpose 1/0 é”u‘i:gt
4 RSV Reserved Input
5 MSPI5 MSPI Master Interfa_ce Signal 5 Input/
See “MSPI Connection” on page 407. Output
6 RSV Reserved
7 NCE1 ISoeg/ﬁSéErlgnS:c;?ng?ll'aeglte1in GPIO Chapter Output
0 UART1RX UART1 Receive Input
1 SLMISO SPI Slave Output Data Output
2 UARTORX UARTO Receive Input
3 GPI002 General Purpose 1/0 c')”u‘;;gt
F4 G4 2 4 RSV Reserved
5 MSPI6 MSPI Master Interfa_ce Signal 6 Input/
See “MSPI Connection” on page 407. Output
6 RSV Reserved
7 NCE2 ISc;eM ﬁgzrgngé?ng?ll':gltezin GPIO Chapter Output
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Table 1: Pin List and Function Table

BGA | csppin | GPIOPad | Function | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 UAORTS UARTO Request To Send (RTS) Output
1 SLnCE SPI Slave Chip Enable Input
10 Master N Chip Select 3
2 NCE3 See NCE Encoding Table in GPIO Chapter Output
Input/
3 GPIO03 General Purpose I/0O
G5 F4 3 Output
4 RSV Reserved
5 MSPI7 MSPI Master Interface Signal 7 Input/
See “MSPI Connection” on page 407. Output
6 TRIG1 ADC Trigger Input Input
7 12SWCLK 12S Word Clock Input
0 UAOCTS UARTO Clear To Send (CTS) Input
1 SLINT Configurable Slave Interrupt Output
10 Master N Chip Select 4
2 NCE4 See NCE Encoding Table in GPIO Chapter Output
Input/
3 GPIO04 General Purpose 1/0 Output
D9 c1 4 4 RSV Reserved
5 UART1RX UART1 Receive Input
Timer/Counter Interface Signal 17
6 CT17 See “Implementing Counter/Timer Connections” on | Output
page 408.
7 MSPI2 MSPI Master Interface Signal 2 Input/
See “MSPI Connection” on page 407. Output
Open
0 MOSCL I2C Master 0 Clock Drain
Output
1 MOSCK SPI Master 0 Clock Output
2 UAORTS UARTO Request To Send (RTS) Output
3 GPIO05 General Purpose 1/0 é”‘i“t’t
E9 D2 5 utpu
4 RSV Reserved
5 RSV Reserved
6 RSV Reserved
Timer/Counter Interface Signal 8
7 CT8 See “Implementing Counter/Timer Connections”on | Output
page 408.
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUnCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
) Bidirec-
0 MOSDAWIR3 | [“C Master 0 Data tional
SPI Master 0 3 Wire Data Open
Drain
1 MOMISO SPI Master 0 Input Data Input
2 UAOCTS UARTO Clear To Send (CTS) Input
Input/
E8 E2 6 3 GPIO06 General Purpose /O Output
4 RSV Reserved
Timer/Counter Interface Signal 10
5 CT10 See “Implementing Counter/Timer Connections” on | Output
page 408.
6 RSV Reserved
7 12SDAT 12S Data Output
10 Master N Chip Select 7
0 NCE7 See NCE Encoding Table in GPIO Chapter Output
1 MOMOSI SPI Master 0 Output Data Output
2 CLKOUT Programmable Output Clock Output
Input/
3 GPIO07 General Purpose 1/0 Output
F9 F2 7
4 TRIGO ADC Trigger Input Input
5 UARTOTX UARTO Transmit Output
6 RSV Reserved
Timer/Counter Interface Signal 19
7 CT19 See “Implementing Counter/Timer Connections” on | Output
page 408.
Open
0 M1SCL I2C Master 1 Clock Drain
Output
1 M1SCK SPI Master 1 Clock Output
10 Master N Chip Select 8
2 NCE8 See NCE Encoding Table in GPIO Chapter Output
F8 D1 8 3 GPIO08 General Purpose 1/0 é”p”t’
utput
4 SCCCLK Secure Card Controller Clock Output
5 RSV Reserved
6 UART1TX UART1 Transmit Output
7 RSV Reserved
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUnCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
) Bidirec-
0 M1SDAWIR3 | [“C Master 1 Data tional
SPI Master 1 3 Wire Data Open
Drain
1 M1MISO SPI Master 1 Input Data Input
10 Master N Chip Select 9
2 NCE9 See NCE Encoding Table in GPIO Chapter Output
G7 F1 9 Input/
3 GPIO09 General Purpose I/0 Output
4 scclo Secure Card Controller /0 g‘p“t’
utput
5 RSV Reserved
6 UART1RX UART1 Receive Input
7 RSV Reserved
0 UART1TX UART1 Transmit Output
1 M1MOSI SPI Master 1 Output Data Output
10 Master N Chip Select 10
2 NCE10 See NCE Encoding Table in GPIO Chapter Output
Input/
G8 E1 10 3 GPIO10 General Purpose I/0 Output
4 PDMCLK PDM Clock Output Output
5 UA1RTS UART1 Request To Send Output
6 RSV Reserved
7 RSV Reserved
0 ADCSE2 Analog to Digital Converter Single-Ended Input 2 Input
10 Master N Chip Select 11
! NCE11 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 31
2 CT31 See “Implementing Counter/Timer Connections” on | Output
page 408.
BS E4 1 3 GPIO11 General Purpose 1/0 Input/
Output
4 SLINT Configurable Slave Interrupt Output
5 UA1CTS UART1 Clear To Send Input
6 UARTORX UARTO Receive Input
7 PDMDATA PDM Data Input
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUnCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
Analog to Digital Converter Differential N Input 0 /
0 ADCDONSES | g ie”Ended Input 9 Input
10 Master N Chip Select 12
1 NCE12 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 0
2 CTO See “Implementing Counter/Timer Connections” on | Output
page 408.
A7 B4 12 Input/
3 GPIO12 General Purpose I/0 Output
4 RSV Reserved
5 PDMCLK PDM Clock Output Output
6 UAOCTS UARTO Clear To Send (CTS) Input
7 UART1TX UART1 Transmit Output
Analog to Digital Converter Differential P Input 0 /
0 ADCDOPSES Single-Ended Input 9 Input
10 Master N Chip Select 13
1 NCE13 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 2
2 CT2 TSee “Implementing Counter/Timer Connections” | Output
on page 408.
B7 B3 13 Input/
3 GPIO13 General Purpose 1/0 Output
4 12SBCLK 12S Bit Clock Input
5 RSV Reserved
6 UAORTS UARTO Request To Send (RTS) Output
7 UART1RX UART1 Receive Input
0 ADCD1P Analog to Digital Converter Differential P Input 1 Input
10 Master N Chip Select 14
1 NCE14 See NCE Encoding Table in GPIO Chapter Output
2 UART1TX UART1 Transmit Output
Input/
D7 A3 14 3 GPIO14 General Purpose 1/0 Output
4 PDMCLK PDM Output Clock Output
5 RSV Reserved
6 SWDCK Serial Wire Debug Clock Input
7 32kHzXT 32kHz Clock Output
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Table 1: Pin List and Function Table

BP?: ESP Al iy ] F;Zﬁetic(:n saciRinction Description Pin Type
N umber Number Number Name
0 ADCD1N Analog to Digital Converter Differential N Input 1 Input
1 NCE15 Is(jeyliggrgnggé‘i)nz?ll'aeglt;ii GPIO Chapter Output
2 UART1RX UART1 Receive Input
3 GPIO15 General Purpose 1/0 é”u’i:gt
c7 C3 15
4 PDMDATA PDM Data Input
5 RSV Reserved
Bidirec-
6 SWDIO Serial Wire Debug 1/0 tional 3-
state
7 SWO Serial Wire Debug Output Output
0 ADCSEO Analog to Digital Converter Single-Ended Input 0 Input
L NCE16 Is%yﬁf:tggng:c;?ngisgeﬁ GPIO Chapter Output
2 TRIGO ADC Trigger Input 0 Input
D4 A5 16 3 GPIO16 General Purpose 1/0 (')”u‘:;gt
4 SCCRST Secure Card Controller Reset Output
5 CMPINO Voltage Comparator Input 0 Input
6 UARTOTX UARTO Transmit Output
7 UA1TRTS UART1 Request To Send (RTS) Output
0 CMPRF1 Voltage Comparator Reference 1 Input
L NCE17 g%yﬁggrgngc;?ng?}:glt;; GPIO Chapter Output
2 TRIG3 ADC Trigger Input 3 Input
D3 D4 17 3 GPIO17 General Purpose 1/0 énu‘i;gt
4 SCCCLK Secure Card Controller Clock Output
5 RSV Reserved
6 UARTORX UARTO Receive Input
7 UA1CTS UART1 Clear To Send (CTS) Input
0 CMPIN1 Voltage Comparator Input 1 Input
! NCE18 S0 ﬁ?ﬁ?ﬂéﬁ’ﬁﬁﬁf;ﬁ GPIO Chapter Output
Timer/Counter Interface Signal 4
2 CT4 See “Implementing Counter/Timer Connections” on | Output
page 408.
c5 ES 18 3 GPIO18 General Purpose 1/0 (I)nuriggt
4 UAORTS UARTO Request To Send Output
5 RSV Reserved
6 UART1TX UART1 Transmit Output
7 SCCCLK Secure Card Controller Clock Output
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Table 1: Pin List and Function Table

BP?: ESP Al ) F;Zﬁetic(:n FEC FUREE Description Pin Type
N umber Number Number Name
0 CMPRFO Comparator Reference 0 Input
1 NCE19 Is(jeyl?l%tggnggc;‘i)nz?ll'aeglteﬁ GPIO Chapter Output
Timer/Counter Interface Signal 6
2 CT6 See “Implementing Counter/Timer Connections” on | Output
page 408.
c3 E6 19 3 GPIO19 | General Purpose I/0 C')”u'i:gt
4 SCCIO Secure Card Controller I/O (IJnuﬁ;gt
5 RSV Reserved
6 UART1RX UART1 Receive Input
7 12SBCLK 12S Bit Clock Input
0 SWDCK Software Debug Clock Input
1 NCE20 gysggrgnggéfnziaegltezﬁ GPIO Chapter Output
2 RSV Reserved
G6 c2 20 3 GPIO20 General Purpose I/0 (_!)nu‘i;gt
4 UARTOTX UARTO Transmit Output
5 UART1TX UART1 Transmit Output
6 12SBCLK 12S Bit Clock Input
7 UA1RTS UART1 Request To Send (RTS) Output
Bidirec-
0 SWDIO Software Data I/O tional
3-state
! NCE21 g%yﬁggrgng(;‘i)ng?ll:gltezil GPIO Chapter Output
2 RSV Reserved Output
F7 c4 21 3 GPI1021 General Purpose 1/0 énu‘i;gt
4 UARTORX UARTO Receive Input
5 UART1RX UART1 Receive Input
6 SCCRST Secure Card Controller Reset Output
7 UA1CTS UART1 Clear To Send (CTS) Input
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUnCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 UARTOTX UARTO Transmit Output
10 Master N Chip Select 22
1 NCE22 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 12
2 CT12 See “Implementing Counter/Timer Connections” on | Output
page 408.
Input/
Cc9 A1 22 3 GPIO22 General Purpose /O Output
4 PDMCLK PDM Output Clock Output
5 RSV Reserved
6 MSPIO MSPI Master Interface Signal 0 Input/
See “MSPI Connection” on page 407. Output
7 SWO Serial Wire Debug Output Output
0 UARTORX UARTO Receive Input
10 Master N Chip Select 23
1 NCE23 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 14
2 CT14 See “Implementing Counter/Timer Connections” on | Output
page 408.
D8 B1 23 3 GPI023 General Purpose I/0 (I)nput/
utput
4 12SWCLK 12S Word Clock Input
5 CMPOUT Voltage Comparator Output Output
6 MSPI3 MSPI Master Interface Signal 3 Input/
See “MSPI Connection” on page 407. Output
7 RSV Reserved
0 UART1TX UART1 Transmit Output
10 Master N Chip Select 24
1 NCE24 See NCE Encoding Table in GPIO Chapter Output
2 MSPI8 MSPI Master Interface Signal 8 Input/
See “MSPI Connection” on page 407. Output
3 GPIO24 General Purpose 1/0 ('D”‘i“”t
c8 B2 24 utpu
4 UAOCTS UARTO Clear To Send (CTS) Input
Timer/Counter Interface Signal 21
5 CT21 See “Implementing Counter/Timer Connections” on | Output
page 408.
6 32kHzXT 32kHz Clock Output Output
7 SWO Serial Wire Debug Output Output
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUnCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 UART1RX UART1 Receive Input
10 Master N Chip Select 25
1 NCE25 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 1
2 CT1 See “Implementing Counter/Timer Connections” on | Output
page 408.
Input/
3 GPIO25 General Purpose I/0
A8 D3 25 Output
Bidirec-
4 M2SDAWIR3 I2C Master 2 /O Data tional
SPI Master 2 3 Wire Data Open-
Drain
5 M2MISO SPI Master 2 Input Data Input
6 RSV Reserved
7 RSV Reserved
0 RSV Reserved
10 Master N Chip Select 26
1 NCE26 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 3
2 CT3 See “Implementing Counter/Timer Connections” on | Output
page 408.
Input/
B8 A2 26 3 GPI1026 General Purpose I/0 Output
4 SCCRST Secure Card Controller Reset Output
5 MSPI MSPI Master Interface Signal 1 Input/
See NCE Encoding Table in GPIO Chapter Output
6 UARTOTX UARTO Transmit Output
7 UA1CTS UART1 Clear To Send (CTS) Input
0 UARTORX UARTO Receive Input
10 Master N Chip Select 27
1 NCE27 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 5
2 CT5 See “Implementing Counter/Timer Connections” on | Output
page 408.
Input/
B9 E3 27 3 GPIO27 General Purpose /0O Output
4 M2SCL 12C Master 2 Clock Open
aster ocl Drain
5 M2SCK SPI Master 2 Clock Output
6 RSV Reserved
7 RSV Reserved
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUnCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 12SWCLK 12S Word Clock Input
10 Master N Chip Select 28
1 NCE28 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 7
2 CT7 See “Implementing Counter/Timer Connections” on | Output
page 408.
A9 F3 28 Input/
3 GPIO28 General Purpose I/0 Output
4 RSV Reserved
5 M2MOSI SPI Master 2 Output Data Output
6 UARTOTX UARTO Transmit Output
7 RSV Reserved
0 ADCSE1 Analog to Digital Converter Single-Ended Input 1 Input
10 Master N Chip Select 29
L NCE29 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 9
2 CT9 See “Implementing Counter/Timer Connections” on | Output
page 408.
A5 B5 29 Input/
3 GPIO29 General Purpose I/0 Output
4 UAOCTS UARTO Clear To Send (CTS) Input
5 UA1CTS UART1 Clear To Send (CTS) Input
6 UARTORX UARTO Receive Input
7 PDMDATA PDM Data Input
0 RSV Reserved
10 Master N Chip Select 30
1 NCE30 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 11
2 CT11 See “Implementing Counter/Timer Connections” on | Output
page 408.
Fé . 30 3 GPIO30 General Purpose 1/O Input/
Output
4 UARTOTX UARTO Transmit Output
5 UA1RTS UART1 Request To Send (RTS) Output
6 BLEIF_SCK BLE Interface SCK Observation Output
7 12SDAT 12S Data Output Output
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUnCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 ADCSE3 Analog to Digital Converter Single-Ended Input 3 Input
10 Master N Chip Select 31
1 NCE31 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 13
2 CT13 See “Implementing Counter/Timer Connections” on | Output
page 408.
D5 - 31 Input/
3 GPIO31 General Purpose I/0 Output
4 UARTORX UARTO Receive Input
5 SCCCLK Secure Card Controller Clock Output
6 BLEIF_MISO | BLE Interface MISO Observation Output
7 UA1TRTS UART1 Request To Send (RTS) Output
0 ADCSE4 Analog to Digital Converter Single-Ended Input 4 Input
10 Master N Chip Select 32
L NCE32 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 15
2 CT15 See “Implementing Counter/Timer Connections” on | Output
page 408.
R Input/
E6 32 3 GPI1032 General Purpose /O Output
4 scclo Secure Card Controller /0 g‘p“t’
utput
5 RSV Reserved
6 BLEIF_MOSI | BLE Interface MOSI Observation Output
7 UA1CTS UART1 Clear To Send (CTS) Input
0 ADCSE5 Analog to Digital Converter Single-Ended Input 5 Input
10 Master N Chip Select 33
1 NCE33 See NCE Encoding Table in GPIO Chapter Output
2 32kHzXT 32kHz Clock Output Output
Input/
3 GPIO33 General Purpose 1/0 Output
B6 - 33
4 BLEIF_CSN BLE Interface Chip Select Observation Output
5 UAOCTS UARTO Clear To Send (CTS) Input
Timer/Counter Interface Signal 23
6 CT23 See “Implementing Counter/Timer Connections” on | Output
page 408.
7 SWo Serial Wire Debug Output SWo
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Table 1: Pin List and Function Table
BGA | csPPin | GPIOPad | FUnCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 ADCSE6 Analog to Digital Converter Single-Ended Input 6 Input
10 Master N Chip Select 34
1 NCE34 See NCE Encoding Table in GPIO Chapter Output
2 UA1TRTS UART1 Request To Send (RTS) Output
Input/
c6 _ 34 3 GPI1034 General Purpose /O Output
4 CMPRF2 Voltage Comparator Reference 2 Input
5 UAORTS UARTO Request To Send (RTS) Output
6 UARTORX UARTO Receive Input
7 PDMDATA PDM Data Input
0 ADCSE7 Analog to Digital Converter Single-Ended Input 7 Input
10 Master N Chip Select 35
L NCE35 See NCE Encoding Table in GPIO Chapter Output
2 UART1TX UART1 Transmit Output
Input/
3 GPIO35 General Purpose I/0 Output
D6 - 35 4 12SDAT 12S Data Output
Timer/Counter Interface Signal 27
5 CT27 See “Implementing Counter/Timer Connections” on | Output
page 408.
6 UAORTS UARTO Request To Send (RTS) Output
7 BLE.II_Z—SS TA- BLE Interface STATUS Observation Output
0 TRIG1 ADC Trigger Input 1 Input
10 Master N Chip Select 36
1 NCE36 See NCE Encoding Table in GPIO Chapter Output
2 UART1RX UART1 Receive Input
Input/
H6 R 36 3 GPIO36 General Purpose I/0 Output
4 32kHzXT 32kHz Clock Output Output
5 UA1CTS UART1 Clear To Send (CTS) Input
6 UAOCTS UARTO Clear To Send (CTS) Input
7 PDMDATA PDM Data Input
0 TRIG2 ADC Trigger Input 2 Input
10 Master N Chip Select 37
1 NCE37 See NCE Encoding Table in GPIO Chapter Output
2 UAORTS UARTO Request To Send (RTS) Output
Input/
3 GPIO37 General Purpose 1/0 Output
H7 - 37
4 scclo Secure Card Controller /0 (')”p“"
utput
5 UART1TX UART1 Transmit Output
6 PDMCLK PDM Output Clock Output
Timer/Counter Interface Signal 29
7 CT29 See “Implementing Counter/Timer Connections” on | Output
page 408.
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Table 1: Pin List and Function Table

BP?: ESP Al iy ] F;Zﬁetic(:n saciRinction Description Pin Type
N umber Number Number Name
0 TRIG3 ADC Trigger Input 3 Input
1 NCE38 IS(?agl sggrgnggé?nz?llaeglteaﬁ GPIO Chapter Output
2 UAOCTS UARTO Clear To Send (CTS) Input
6 i 38 3 GPIO38 General Purpose 1/0 é’:ﬁ:gt
4 RSV Reserved
5 M3MOSI SPI Master 3 Output Data Output
6 UART1RX UART1 Receive Input
7 RSV Reserved
0 UARTOTX UARTO Transmit Output
1 UART1TX UART1 Transmit Output
Timer/Counter Interface Signal 25
2 CT25 See “Implementing Counter/Timer Connections” on | Output
page 408.
s Ho 39 3 GPIO39 General Purpose 1/0 é”u‘i:gt
4 M4SCL | 12C Master 4 Clock Open
Drain
5 M4SCK SPI Master 4 Clock Output
6 RSV Reserved
7 RSV Reserved
0 UARTORX UARTO Receive Input
1 UART1RX UART1 Receive Input
2 TRIGO ADC Trigger Input 0 Input
3 GPI040 General Purpose I/0 Cl)nuF:;LIt
J9 H1 40 Bidirec-
| AR e e
Drain
5 M4MISO SPI Master 4 Data Input Input
6 RSV Reserved
7 RSV Reserved
0 NCE41 Seo| sgggng:(;?nzgll':glt:il GPIO Chapter Output
1 BLEIF_IRQ BLE Interface IRQ Observation Output
2 SWO Serial Wire Debug Output Output
E5 H3 41 3 GPI0O41 General Purpose 1/0 (Ijnu‘:;gt
4 12SWCLK 12S Word Clock Input
5 UA1RTS UART1 Request To Send (RTS) Output
6 UARTOTX UARTO Transmit Output
7 UAORTS UARTO Request To Send (RTS) Output
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUnCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 UART1TX UART1 Transmit Output
10 Master N Chip Select 42
1 NCE42 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 2. See “Implement-
2 CT16 ing Counter/Timer Connections” on page 408. Output
Input/
H5 R 42 3 GPIO42 General Purpose /0 Output
4 M3SCL I2C Master 3 Clock Oper
aster ocl Drain
5 M3SCK SPI Master 3 Clock Output
6 RSV Reserved
7 RSV Reserved
0 UART1RX UART1 Receive Input
10 Master N Chip Select 43
1 NCE43 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 18
2 CT18 See “Implementing Counter/Timer Connections” on | Output
page 408.
3 GPI043 General Purpose 1/0 é”‘i“t/t
J5 - 43 utpu
Bidirec-
4 M3SDAWIR3 IZC Master 3 1/0 tional
SPI Master 3 3 Wire Data Open
Drain
5 M3MISO SPI Master 3 Input Data Input
6 RSV Reserved
7 RSV Reserved
0 UA1RTS UART1 Request To Send (RTS) Output
10 Master N Chip Select 44
1 NCE44 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 20
2 CT20 See “Implementing Counter/Timer Connections” on | Output
page 408.
97 H4 44 3 GPI044 General Purpose 1/0 (I)nput/
utput
4 RSV Reserved
5 M4MOSI SPI Master 4 Output Data Output
6 UARTOTX UARTO Transmit Output
7 RSV Reserved
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUnCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 UA1CTS UART1 Clear To Send (CTS) Input
10 Master N Chip Select 45
1 NCE45 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 22
2 CT22 See “Implementing Counter/Timer Connections” on | Output
page 408.
F5 - 45 Input/
3 GPIO45 General Purpose I/0 Output
4 12SDAT 12S Data Output
5 PDMDATA PDM Data Input
6 UARTORX UARTO Receive Input
7 SWO Serial Wire Debug Output Output
0 12SBCLK 12S Bit Clock Input
10 Master N Chip Select 46
1 NCE46 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 24
2 CT24 See “Implementing Counter/Timer Connections” on | Output
page 408.
E7 - 46 Input/
3 GPIO46 General Purpose I/0 Output
4 SCCRST Secure Card Controller Reset Output
5 PDMCLK PDM Output Clock Output
6 UART1TX UART1 Transmit Output
7 SWO Serial Wire Debug Output Output
0 32kHzXT 32kHz Clock Output Output
10 Master N Chip Select 47
! NCE47 | see NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 26
2 CT26 See “Implementing Counter/Timer Connections” on | Output
page 408.
HO G2 47 3 GPI047 General Purpose 1/0 Input/
Output
4 RSV Reserved
5 M5MOSI SPI Master 5 Output Data Output
6 UART1RX UART1 Receive Input
7 RSV Reserved
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUnCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 UARTOTX UARTO Transmit Output
10 Master N Chip Select 48
1 NCE48 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 28
2 CT28 See “Implementing Counter/Timer Connections” on | Output
page 408.
Go 63 48 3 GPIO48 | General Purpose /0 Input/
Output
4 M5SCL I2C Master 5 Clock Open
aster ocl Drain
5 M5SCK SPI Master 5 Clock Output
6 RSV Reserved
7 RSV Reserved
0 UARTORX UARTO Receive Input
10 Master N Chip Select 49
1 NCE49 See NCE Encoding Table in GPIO Chapter
Timer/Counter Interface Signal 30
2 CT30 See “Implementing Counter/Timer Connections” on | Output
page 408.
3 GPIO49 General Purpose 1/0 (')”‘;”t’t
H8 G1 49 utpu
) Bidirec-
4 M5SDAWIR3 | 1“°C Master 5 1/0 pata tional
SPI Master 5 3 Wire Data Open
Drain
5 M5MISO SPI Master 5 Input Data Input
6 RSV Reserved
7 RSV Reserved
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2. System Core
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Figure 3. Block Diagram for the Ultra-Low Power Apollo3 Blue SoC

The ultra-low power Apollo3 Blue SoC, shown in Figure 3, is an ideal solution for battery-powered
applications requiring sensor measurement and data analysis. In a typical system, the Apollo MCU serves
as an applications processor for one or more sensors and has a fully integrated BLE 5 radio. The MCU can
measure analog sensor outputs using an integrated ADC and digital sensor outputs using the integrated
serial master ports. The Cortex-M4 core with Floating Point Unit (referred to throughout this document as
“M4”, “M4 Core” or “Cortex-M4”) integrated in the Apollo MCU is capable of running complex data analysis
and sensor fusion algorithms to process the sensor data. The Cortex-M4 core with FPU also enables
accelerated time-to-market since application code may be efficiently executed in floating point form without
the need to perform extensive fixed point optimizations. In other configurations, a host processor can

communicate with the MCU over its serial slave port using the 12C, SPI or I2S protocol.

With unprecedented energy efficiency for sensor conversion and data analysis, the Apollo3 Blue SoC
enables months and years of battery life for products only achieving days or months of battery life today.
For example, a fitness monitoring device with days or weeks of life on a rechargeable battery could be
redesigned to achieve a year or more of life on a non-rechargeable battery. Similarly the Apollo MCUs
enable the use of more complex sensor processing algorithms due to its extremely low active mode power
of 6 JA/MHz. By using the Apollo MCUs, the aforementioned fitness monitoring device could achieve the
current multi-day or multi-week battery life while adding new computation-intensive functions like context
detection and gesture recognition.

The Apollo3 Blue SoC provides support for higher performance operating modes through Ambiq’s
TurboSPOT™ technology. The TurboSPOT™ technology allows applications to meet critical timing as/
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when needed while still providing extremely high energy efficiency operation. The Apollo3 Blue SoC also
supports secure boot using Ambiq’s SecureSPOT technology enabling applications to establish and
maintain a root of trust from boot to execution.

At the center of the Apollo3 Blue SoC is a 32-bit ARM Cortex-M4 processor with Floating Point Unit with
several tightly coupled peripherals. The Ambig Micro implementation of the Cortex-M4 core delivers both
greater performance and much lower power than 8-bit, 16-bit, and other comparable 32-bit cores. Code
and data may be stored in the 1 MB Flash Memory and the 384 KB Low Leakage SRAM.

The Wake-Up Interrupt Controller (WIC) coupled with the Cortex-M4 supports sophisticated and
configurable sleep state transitions with a variety of interrupt sources.

An integrated Bluetooth low energy controller provides support for Bluetooth 5 at 3 mA RX/TX. Apollo3
Blue SoC supports up to 4 dBm transmit power with optional external power amplifier controls to enable
even higher transmit range.

A rich set of sensor peripherals enable the monitoring of several sensors. An integrated temperature
sensor enables the measurement of ambient temperature. A scalable ultra-low power Successive
Approximation Register (SAR) Analog-to-Digital Converter (ADC) monitors the temperature sensor,
several internal voltages, and up to eight external sensor signals. The ADC is uniquely tuned for minimum
power with a configurable measurement mode that does not require MCU intervention. In addition to

integrated analog sensor peripherals, 12C/SPI/PDM master ports and/or UART ports enables the MCU to
communicate with external sensors and radios (such as Bluetooth transceivers) that have digital outputs.
For higher bandwidth peripherals, the Apollo3 Blue SoC supports a multi-bit SPI (MSPI) controller for 1-bit,
2-bit, 4-bit and 8-bit data. For devices requiring secure communication, it supports an ISO7816 compliant
master controller.

The Apollo3 Blue SoC also includes a set of timing peripherals and an RTC which is based on Ambiqg’'s
AMO8XX and AM18XX Real-Time Clock (RTC) families. The general purpose Timer/Counter Module
(CTIMER), 32-bit System Timer (STIMER), and the RTC may be driven independently by one of three
different clock sources: a low frequency RC oscillator, a high frequency RC oscillator, and a 32.768 kHz
crystal (XTAL) oscillator. These clock sources use the proprietary advanced calibration techniques
developed for the AM08XX and AM18XX products that achieve XTAL-like accuracy with RC-like power.
Additionally, the Apollo MCU includes clock reliability functions first offered in the AMO8XX and AM18XX
products. For example, the RTC can automatically switch from an XTAL source to an RC source in the
event of an XTAL failure.

Apollo3 supports highly optimized PWM pattern generation for complex, efficient stepper motor control
operation. Up to 8 independent motors can be controlled from the MCU supporting several different
operating modes.

As with any ARM-based MCU, the Apollo3 Blue SoC is supported by a complete suite of standard software
development tools. Ambiq Micro provides drivers for all peripherals along with basic application code to
shorten development times. Software debug is facilitated by the addition of an Instrumentation Trace
Macrocell (ITM), a Trace Port Interface Unit (TPIU) and through the use of a Serial Wire Debugger
interface (SWD).
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3. MCU Core Details

3.1 Functional Overview

At the center of the Apollo3 Blue SoC is a 32-bit ARM Cortex-M4 core with the floating point option. This 3-
stage pipeline implementation of the ARM v7-M architecture offers highly efficient processing in a very low
power design. The ARM M DAP enables debugging access via a Serial Wire Interface from outside of the
MCU which allows access to all of the memory and peripheral devices of the MCU.

The M4 core offers some other advantages including:

= Single 4 GB memory architecture with all Peripherals being memory-mapped
= Low-Power Consumption Modes:
- Active
- Sleep
- Deep-Sleep
- Power-Off
= Interrupts and Events
- NVIC - interrupt controller
- WIC — Wake-Up Interrupt Controller
- Sleep-on-Exit (reduces interrupt overhead, used in an ISR SW structure)
- WFI (enter sleep modes, wait for interrupts)

The following sections provide behavioral and performance details about each of the peripherals controlled

by the MCU core. Where multiple instances of a peripheral exist on Apollo3 Blue SoC (e.g., the 12C/SPI
master modules), base memory addresses for the registers are provided for each and noted as
INSTANCE 0, INSTANCE 1, etc.

3.2 Interrupts

Within the MCU, multiple peripherals can generate interrupts. In some cases, a single peripheral may be
able to generate multiple different interrupts. Each interrupt signal generated by a peripheral is connected
back to the M4 core in two places. First, the interrupts are connected to the Nested Vectored Interrupt
Controller, NVIC, in the core. This connection provides the standard changes to program flow associated
with interrupt processing. Additionally, they are connected to the WIC outside of the core, allowing the
interrupt sources to wake the M4 core when it is in a deep sleep (SRPG) mode.

The MCU supports the M4 NMI as well as the normal interrupt types. For details on the Interrupt model of
the M4, please see the “Cortex-M4 Devices Generic User Guide,” document number DUI0O553A.

Below is the M4 Vector Table for Apollo3 Blue SoC.
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Table 2: ARM Cortex-M4 Vector Table for Apollo3 Blue SoC

IRQ Number

239

-5

-10
-11
-12
-13
-14

Offset

0X03FC

0x00C0O
0x00BC
0x009C
0x0098
0x0094
0x0090
0x008C
0x0088
0x0084
0x0080
0x007C
0x0078
0x0074
0x0070
0x006C
0x0068
0x0064
0x0060
0x005C
0x0058
0x0054
0x0050
0x004C
0x0048
0x0044
0x0040
0x003C
0x0038

0x002C

0x0018
0x0014
0x0010
0x000C
0x0008
0x0004
0x0000

Vector

IRQ239

IRQ31

IRQ23-30

IRQ22

IRQ21

IRQ20

IRQ19

IRQ18

IRQ17

IRQ16

IRQ15

IRQ14

IRQ13

IRQ12

IRQ11

IRQ10

IRQ9

IRQ8

IRQ7

IRQ6

IRQ5

IRQ4

IRQ3

IRQ2

IRQ1

IRQO

Systick

PendSV

Reserved

Reserved for Debug

SVCall

Reserved

Usage Fault

Bus Fault

Memory management Fault

Hard fault

NMI

Reset

Initial SP value

Peripheral/Description

Clock Control
Stimer Compare[0:7]
Stimer Capture/Overflow
SW INT
MSPI
PDM
ADC
SCARD
UART1
UARTO
Counter/Timers
GPIO
BLE
I°C/SPI Master 5
I°C/SPI Master 4
I?C/SPI Master 3
I>C/SPI Master 2
I°C/SPI Master 1
I°C/SPI Master 0
I*’C/SPI Slave Register Access
I’C/SPI Slave
Voltage Comparator
RTC
Watchdog Timer
Brownout Detection

Unused
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The Cortex-M4 allows the user to assign various interrupts to different priority levels based on the
requirements of the application. In this MCU implementation, 8 different priority levels are available.

One additional feature of the M4 interrupt architecture is the ability to relocate the Vector Table to a
different address. This could be useful if the application requires a different set of interrupt service routines
for a particular mode of an application. The software could move the Vector Table into SRAM and reassign
the interrupt service routine entry addresses as needed.

Hardware interrupts are assigned in the MCU to the M4 NVIC as shown below.
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Table 3: MCU Interrupt Assignments

IRQ Peripheral/Description
NMI Unused
IRQO Brownout Detection
IRQ1 Watchdog Timer
IRQ2 RTC
IRQ3 Voltage Comparator
IRQ4 I2C / SPI Slave
IRQ5 I2C / SPI Slave Register Access
IRQ6 I2C / SPI Master0
IRQ7 12C / SPI Master1
IRQ8 I2C / SPI Master2
IRQ9 12C / SPI Master3
IRQ10 I2C / SPI Master4
IRQ11 I2C / SPI Master5
IRQ12 BLE
IRQ13 GPIO
IRQ14 Counter/Timers
IRQ15 UARTO
IRQ16 UART1
IRQ17 SCARD
IRQ18 ADC
IRQ19 PDM
IRQ20
IRQ21 SWINT
IRQ22 STimer Capture/Overflow
IRQ23-30 | STimer Compare[0:7]
IRQ31 Clock Control
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3.3 Memory Map

ARM has a well-defined memory map for devices based on the ARM v7-M Architecture. The M4 further
refines this map in the area of the Peripheral and System address ranges. Below is the system memory
map as defined by ARM:

Table 4: ARM Cortex-M4 Memory Map

Address Name Executable Description
0x00000000 — Ox1FFFFFFF Code Y ROM or Flash Memory
0x20000000 — Ox3FFFFFFF Reserved N Reserved
0x40000000 — OX5FFFFFFF Peripheral N On-chip peripheral address space
0x60000000 — OX9FFFFFFF External RAM Y External / Off-chip Memory
0xA0000000 — OxDFFFFFFF External Device N External device memory
0XE0000000 — OXEOOFFFFF | Private Peripheral Bus N NVIC, System timers, System Control Block
0XE0100000 — OXFFFFFFFF | Vendor SYS N Vendor Defined

The MCU-specific implementation of this memory map is as follows:
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Table 5: MCU System Memory Map

Address Name Executable Description
0x00000000 — 0xO00FFFFF Flash Y Flash Memory
0x00100000 - OxO03FFFFFF Reserved X No device at this address range
0x04000000 — OXO7FFFFFF External MSPI Flash Y XIP Read-Only External MSPI Flash
0x08000000 — 0x0B000FFF | Boot Loader ROM Y Execute Only Boot Loader and Flash Helper

Functions.

0x08001000 — OXOFFFFFFF Reserved X No device at this address range
0x10000000 — 0x1000FFFF SRAM (TCM) Y Low-power / Low Latency SRAM (TCM)
0x10010000 — 0x1005FFFF SRAM (Main) Y Main SRAM
0x10060000 — Ox3FFFFFFF Reserved X No device at this address range
0x40000000 — 0x50FFFFFF Peripheral N Peripheral devices
0x51000000 — Ox51FFFFFF | External Memory X [Réehé;g/\g;;eBEgﬁ;?a' AEIEn (EE)
0x52000000 — OXxDFFFFFFF Reserved X No device at this address range
0xE0000000 — OXEOOFFFFF PPB N NVIC, System timers, System Control Block
0xE0100000 — OXEFFFFFFF Reserved X No device at this address range
0xF0000000 — 0xFOOOOFFF Debug ROM N Debug ROM
0xF0001000 — OxFFFFFFFF Reserved X No device at this address range

Peripheral devices within the memory map are allocated on 4 KB boundaries, allowing each device up to
1024 32-bit control and status registers. Peripherals will return undefined read data when an attempt to
access a register which does not exist occurs. Peripherals, whether accessed via the APB or the AHB, will
always accept any write data sent to their registers without attempting to return an ERROR response.
Specifically, a write to a read-only register would just become a don’t-care write.
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Table 6 shows the address mapping for the peripheral devices of the Base Platform.

Table 6: MCU Peripheral Device Memory Map

Address

Device

0x40000000 — 0x400003FF

Reset / BoD Control

0x40000400 — 0x40003FFF

Reserved

0x40004000 — 0x400041FF

Clock Generator

0x40004200 - 0x400043FF RTC
0x40004400 — Ox40007FFF Reserved
0x40008000 — 0x400083FF Timers
0x40008400 — 0x4000BFFF Reserved

0x4000C000 — 0x4000C3FF

Voltage Comparator

0x4000C400 — 0x4000FFFF Reserved
0x40010000 — 0x400103FF GPIO Control
0x40010400 — Ox40010FFF Reserved
0x40011000 — 0x400113FF Fast GPIO Control
0x40011400 — 0x40017FFF Reserved

0x40018000 — Ox40018FFF

Flash Cache Control

0x40019000 — Ox4001BFFF Reserved
0x4001C000 — 0x4001C3FF | UARTO
0x4001C400 — 0x4001CFFF | Reserved
0x4001D000 — 0x4001D3FF | UART1
0x4001D400 — 0x4001FFFF Reserved

0x40020000 — 0x400203FF

Miscellaneous Control

0x40020400 — 0x40020FFF

Reserved

0x40021000 — 0x400213FF

Power Control

0x40021400 — Ox40023FFF

Reserved

0x40024000 — 0x400243FF

Watchdog Timer

0x40024400 — Ox4007FFFF

Reserved

0x40080000 - 0x400803FF

Secure Card

0x40080400 - Ox4FFFFFFF Reserved
0x50000000 — 0x500003FF I2C / SPI Slave
0x50000400 — 0x50003FFF Reserved

0x50004000 — 0X50004FFF

I2C / SPI Master0

0x50005000 — 0X50005FFF

I2C / SPI Master1
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Table 6: MCU Peripheral Device Memory Map

Address Device

0x50006000 — 0x50006FFF I2C / SPI Master2

0x50007000 — 0x50007FFF I2C / SP| Master3

0x50008000 — 0x50008FFF 12C / SPI Master4

0x50009000 — 0x50009FFF 12C / SPI Master5
0x5000A000 — 0x5000BFFF Reserved
0x5000C000 — 0x5000CFFF | BLE
0x5000D000 — 0x5000FFFF Reserved
0x50010000 — 0x500103FF ADC
0x50010400 — 0x50010FFF Reserved
0x50011000 — 0x500113FF PDM
0x50011400 — 0x50013FFF Reserved
0x50014000 — 0x500143FF
0x50014400 — 0x5001FFFF Reserved
0x50020000 — 0x5002FFFF Flash OTP
0x50030000 — 0x50FFFFFF Reserved

3.4 Memory Protection Unit (MPU)

The Apollo3 Blue SoC includes an MPU which is a core component for memory protection. The M4
processor supports the standard ARMv7 Protected Memory System Architecture model. The MPU
provides full support for:

= Protection regions.

= Overlapping protection regions, with ascending region priority:
- 7 = highest priority
- 0 = lowest priority.

= Access permissions

= Exporting memory attributes to the system.

MPU mismatches and permission violations invoke the programmable-priority MemManage fault handler.
See the ARM®v7-M Architecture Reference Manual for more information.

You can use the MPU to:

= Enforce privilege rules.
= Separate processes.
= Enforce access rules.

3.5 System Buses

The ARM Cortex-M4 utilizes 3 instances of the AMBA AHB bus for communication with memory and
peripherals. The ICode bus is designed for instruction fetches from the ‘Code’ memory space while the
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DCode bus is designed for data and debug accesses in that same region. The System bus is designed for
fetches to the SRAM and other peripheral devices of the MCU.

The Apollo3 Blue SoC maps the available SRAM memory onto an address space within the ‘Code’
memory space. This gives the user the opportunity to perform instruction and data fetches from the lower-
power SRAM to effectively lower the power consumption of the MCU.

The peripherals of the Apollo3 Blue SoC which are infrequently accessed are located on an AMBA APB
bus. A bridge exists which translates the accesses from the System AHB to the APB. Accesses to these
peripherals will inject a single wait-state on the AHB during any access cycle.

3.6 Power Management

The Power Management Unit (PMU) is a finite-state machine that controls the transitions of the MCU
between power modes. When moving from Active Mode to Deep Sleep Mode, the PMU manages the
state-retention capability of the registers within the Cortex-M4 core and also controls the shutdown of the
voltage regulators of the MCU. Once in the Deep Sleep Mode, the PMU, in conjunction with the Wake-Up
Interrupt Controller, waits for a wakeup event. When the event is observed, the PMU begins the power
restoration process by re-enabling the on-chip voltage regulators and restoring the CPU register state. The
M4 is then returned to active mode once all state is ready.

The Apollo3 Blue SoC power modes are described in the subsequent discussion along with the operation
of the PMU.

NOTE

Transition from TurboSpot Mode to either Sleep Mode or Deep Sleep Mode
must first transition to Active Mode.

3.6.17 Cortex-M4 Power Modes
The ARM Cortex-M4 defines the following 3 power modes:

= Active
= Sleep
= Deep Sleep

In addition to the above ARM-defined modes, the Apollo3 Blue SoCwill support a Shutdown mode in which
the entire device is powered down except for the logic required to support a Power-On Reset.

Each mode is described below.

3.6.1.1 TurboSpot Mode

The Apollo3 Blue SoC supports the Ambiq TurboSPOT™ Mode which enables a higher frequency
operating mode (TurboSPOT mode). In this mode, the M4 and all memory run at an elevated frequency. All
of the non-debug ARM clocks (FCLK, HCLK) also operate at the elevated frequency level. All peripherals
are maintained at the nominal frequency level during burst. This mode is entered and exited under
software direction but transitions are completely handled in hardware.

NOTE

In TurboSPOT Mode on the Apollo3 Blue SoC, the SYSTICK increments at
twice the normal (48 MHz) clock rate. Some RTOSes may use SYSTICK for
scheduler timing by default, in which case scheduler event timing will be wrong
when using TurboSPOT Mode. It is recommended not to use SYSTICK and
TurboSPOT Mode together unless proper compensation is made.
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NOTE

Transition from TurboSpot Mode to either Sleep Mode or Deep Sleep Mode
must first transition to Active Mode.

3.6.1.2 Active Mode

In the Active Mode, the M4 is powered up, clocks are active, and instructions are being executed. In this
mode, the M4 expects all (enabled) devices attached to the AHB and APB to be powered and clocked for
normal access. All of the non-debug ARM clocks (FCLK, HCLK) are active in this state.

To transition from the Active Mode to any of the lower-power modes, a specific sequence of instructions is
executed on the M4 core. First, specific bits in the ARMv7-M System Control Register must be set to
determine the mode to enter. See page B3-269 of the ARMv7-M Architecture Reference Manual for more
details.

After the SCRis setup, code can enter the low-power states using one of the 3 following methods:

= Execute a Wait-For-Interrupt (WFI) instruction.

= Execute a Wait-For-Event (WFE) instruction.

= Set the SLEEPONEXIT bit of the SCR such that the exit from an ISR will automatically return to a sleep
state.

The M4 will enter a low-power mode after one of these are performed (assuming all conditions are met)
and remain there until some event causes the core to return to Active Mode. The possible reasons to
return to Active Mode are:

= Areset

= An enabled Interrupt is received by the NVIC
= An event is received by the NVIC

= A Debug Event is received from the DAP

3.6.1.3 Sleep Mode

In the Sleep Mode, the M4 is powered up, but the clocks (HCLK, FCLK) are not active. The power supply
is still applied to the M4 logic such that it can immediately become active on a wakeup event and begin
executing instructions.

3.6.1.4 Deep Sleep Mode

In the Deep Sleep Mode, the M4 enters SRPG mode where the main power is removed, but the flops
retain their state. The clocks are not active, and the MCU clock sources for HCLK and FCLK can be
deactivated. To facilitate the removal of the source supply and entry into SRPG mode, the M4 will
handshake with the Wake-up Interrupt Controller and Power Management Unit and set up the possible
wakeup conditions.

3.6.2 System Power Modes

In addition to the CPU power states, there are system power states defined as follows.

3.6.2.1 SYS Active Burst (Spc1p)

CPU is in Active TurboSPOT Mode and executing instructions. All peripheral devices are on and available.
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3.6.2.2 SYS Active (Sacy)

CPU is in Active Mode and executing instructions. All peripheral devices are on and available.

3.6.2.3 SYS Sleep Mode 0 (Sgq)

In SYS Sleep Mode 0, this is a low power state for the MCU. In this mode, all SRAM memory is retained
(up to 384KB), Flash memory is in standby, HFRC is on, main core clock domain is gated but peripheral
clock domains can be on. CPU is in Sleep Mode.

This state can be entered if a peripheral device (such as SPI/UART/I2C) is actively transferring data and
the time window is sufficient for CPU to enter Sleep Mode but is not long enough to go into a Deep Sleep
Mode.

3.6.2.4 SYS Sleep Mode 1 (Sg4)

In SYS Sleep Mode 1, this is a low power state for the MCU. In this mode, all SRAM memory is retained,
Flash memory is in standby, HFRC is on, all functional clocks are gated. CPU is in Sleep Mode.

This state can be entered if a no peripheral device (SPI/UART/I2C/MSPI/SCARD/BLE) is actively
transferring data, however, communication may occur within a short time window which will prevent the
CPU from entering Deep Sleep Mode (and subsequently the system from entering a lower power state).

This state is also referred to as “Active Idle”. In other words, all power domains are powered on, but all
clocks are gated. This state is a good power baseline for the system as it represents the active mode DC
power level. Typically the power in this state is dominated by leakage, and always-on functional blocks.

3.6.2.5 SYS Deep Sleep Mode 0 (Spso)

In SYS Deep Sleep Mode 0, this is a deep low power state for the MCU. In this mode, SRAM is in retention
(capacity controlled by software), cache memory is in retention (16 KB), Flash memory is in power down,
HFRC is on, main core power domain is off but peripheral power domains can be on. CPU is in Deep
Sleep. Core logic state is retained.

This state can be entered if a peripheral device (SPI/UART/I2C/MSPI/SCARD/BLE) is actively (or
intermittently) transferring data but the window of acquisition is long enough to allow the CPU to go into a
deeper low power state.

NOTE

For easier notation, SRAM memory retention is defined as follows:

* 384KB: Spsp-384RET
* 256KB: Spsp.256RET
* 128KB: Spsp-128RET
= 64KB: Spgp.4RET

* 8KB:  Spso-grRET
- OKB SDSO

3.6.2.6 SYS Deep Sleep Mode 1 (Sps4)

In SYS Deep Sleep Mode 1, this is a deep low power state for the MCU. In this mode, SRAM is in retention
(capacity controlled by software), cache memory is powered down, Flash memory is in power down, HFRC
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is on, main core power domain is off but peripheral power domains can be on. CPU is in Deep Sleep. Core
logic state is retained.

This state can be entered if the latency to warm up the cache can be tolerated. This could be an extended
wait for peripheral communication event.

NOTE

For easier notation, SRAM memory retention in DS1 is defined as follows:

* 384KB: Sps1-384RET
* 256KB: Spg1-256RET
* 128KB: Spg1-128RET
* 64KB: Spg1.64RET

* 8KB:  Sps18RET
- OKB SDS‘]

3.6.2.7 SYS Deep Sleep Mode 2 (Sps2)

In SYS Deep Sleep Mode 2, this is the minimum power state that the MCU can resume normal operation.
In this mode, minimal SRAM memory is retained as needed for software to resume (note that SRAM can
have 0-384 KB768 KB in retention depending on the software/system functional and latency
requirements), Cache is powered off (no retention), Flash memory is in power down, HFRC is off, XTAL is
ON, all internal switched power domains are off/gated. CPU is in Deep Sleep. Core logic state is retained.

NOTE

For easier notation, SRAM memory retention in DS2 is defined as follows:

* 384KB: Sps2-384RET
256KB: Sps2_256RET
128KB: Spsp-128RET

64KB: Spsz-64rReT

* 8KB:  SpsosRET
= OKB: SDSZ

This state can be entered when all activity has suspended for a duration of time sufficient to sustain the
longer exit latencies to resume. This could be a state where periodic data samples are taken and the data
is locally processed/accumulated/transferred at long time intervals. This state can only be entered (vs
Sps1) if the peripheral devices are either not enabled/active or if the application can afford to save/restore

the state of the controller(s) on entry/exit of this mode.

3.6.2.8 SYS Deep Sleep Mode 3 (Sps3)

In SYS Deep Sleep Mode 3, this is a deep sleep power state for the MCU. In this mode, no memory is in
retention, all memory is powered down, LFRC is on (HFRC and XTAL are off), all internal switched power
domains are off/gated. CPU is in Deep Sleep. Core logic state is retained. Single timer is running.

This state can be entered on long inactivity periods. Also can be used for very low power ADC sampling
without CPU interaction.
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3.6.2.9 SYS OFF Mode (SorF)

In SYS OFF Mode, MCU is completely powered down with no power supplied. CPU is in shutdown mode
with no state retention. Only Flash memory is retained.

This mode is controlled external to the MCU by removing power to the device.

3.6.3 Power Control

The Power Control block provides control and status for the power state of all the power domains and
voltage regulators in the SoC. Software can control these blocks via power control registers within this
block.

The power control block controls the power sequence to power up or power down a particular peripheral
device and memory power domain. Status of each of these can be monitored in the respective power
control status register. The power controller also supports event notification to indicate peripheral power
transition completion. Event notification is the preferred power-optimized method in lieu of status polling.

The power controller is also the primary control block for the BLE/Burst and SIMO Buck converters as well
as the LDO regulators when Bucks are disabled. Similarly, event notification is supported to provide the
appropriate handshake to software as needed as well as status register indicators.

This block handles all power sequencing during initial power on and all power mode transitions.

3.6.3.1 PWRCTRL Registers
PWR Controller Register Bank
INSTANCE 0 BASE ADDRESS:0x40021000

Power Controller register Bank - this is the place SW writes to.
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3.6.3.1.1 Register Memory Map

Table 7: PWRCTRL Register Map

Address(es) Register Name Description
0x40021000 SUPPLYSRC Voltage Regulator Select Register
0x40021004 SUPPLYSTATUS Voltage Regulators status
0x40021008 DEVPWREN Device Power Enables
0x4002100C MEMPWDINSLEEP Power-down SRAM banks in Deep Sleep mode
0x40021010 MEMPWREN Enables individual banks of the MEMORY array
0x40021014 MEMPWRSTATUS Mem Power ON Status
0x40021018 DEVPWRSTATUS Device Power ON Status
0x4002101C SRAMCTRL SRAM Control register
0x40021020 ADCSTATUS Power Status Register for ADC Block
0x40021024 MISC Power Optimization Control Bits
Event enable register to control which DEVP-
0x40021028 DEVPWREVENTEN WRSTATUS bits are routed to event input of
CPU.
Event enable register to control which MEMP-
0x4002102C MEMPWREVENTEN WRSTATUS bits are routed to event input of
CPU.
DS-A3-1p2p0 Page 83 of 946 ©2022 Ambiq Micro, Inc.

All rights reserved.




Apollo3 Blue SoC Datasheet

3.6.3.1.2 PWRCTRL Registers

3.6.3.1.2.1SUPPLYSRC Register
Voltage Regulator Select Register

OFFSET: 0x00000000
INSTANCE 0 ADDRESS: 0x40021000
This register controls the enable for BLE BUCK.

Table 8: SUPPLYSRC Register

3(3|2(2|2[2]|2 2(2|2(1|1(1|1}1(1|{1(1|1{1|j0]0/0|0(0|O0O(O0|O0O 0|0
110(9|8|7|6|5 2(1|0 4 1 9(8|7(6|5[4|3|2(1|0
z
wi
14
RSVD S
m
w
-
m
Table 9: SUPPLYSRC Register Bits
Bit Name Reset RW Description
31:1 RSVD 0x0 Ro | RESERVED.
Enables and Selects the BLE Buck as the supply for the BLE power domain
or for Burst LDO. It takes the initial value from Customer INFO space. Buck
will be powered up only if there is an active request for BLEH domain or
0 BLEBUCKEN 0x0 RW | Burst mode and appropriate feature is allowed.
EN = 0x1 - Enable the BLE Buck.
DIS = 0x0 - Disable the BLE Buck.

3.6.3.1.2.2SUPPLYSTATUS Register

Voltage Regulators status

OFFSET: 0x00000004
INSTANCE 0 ADDRESS: 0x40021004

Provides an indicator for the BLE BUCK and SIMO BUCK status. Once the SIMO BUCK is powered up
MEM and CORE LDOs are disabled.
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Table 10: SUPPLYSTATUS Register

3/3/2|2|2|2|2|2|2|2|2|2|1{1|{1|1{1|1|1|1|]1|]1|,]0|0|0|0|0|0|0|0]|0
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Table 11: SUPPLYSTATUS Register Bits
Bit Name Reset RW Description
31:2 RSVD 0x0 RO RESERVED.
Indicates whether the BLE (if supported) domain and burst (if supported)
domain is supplied from the LDO or the Buck. Buck will be powered up only
if there is an active request for BLEH domain or Burst mode and appropriate
feature is allowed.
1 BLEBUCKON 0x0 RO
LDO = 0x0 - Indicates the the LDO is supplying the BLE/Burst power
domain
BUCK = 0x1 - Indicates the the Buck is supplying the BLE/Burst power
domain
Indicates whether the Core/Mem low-voltage domains are supplied from the
LDO or the Buck.
0 SIMOBUCKON 0x0 RO
OFF = 0x0 - Indicates the the SIMO Buck is OFF.
ON = 0x1 - Indicates the the SIMO Buck is ON.

3.6.3.1.2.3DEVPWREN Register
Device Power Enables
OFFSET: 0x00000008

INSTANCE 0 ADDRESS: 0x40021008

This enables various peripherals power domains.

Table 12: DEVPWREN Register

3(3|2(2|2|2|2|2(2|2(2|2(1|1{1|1{1(1|1(1|1(1]|]0[0]|0 0
1/,0(9(8(7(6(5(4(3(2(1(0(9|8 6 413|2]|1 9876|543 |2]|1
=) - |o -
32529k R I2I12(2]2]5|8]|g
RSVD il (=9 |S|S|elel|elge|e(C|z
mmmgmagrxrxrxrxrxrx;
=12|12(E(212(12(2(21212|2|12E
oo | o o|o|a|a|a|d
o o (o
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Table 13: DEVPWREN Register Bits

Bit

Name

Reset

RW

Description

31:14

RSVD

0x0

RO

RESERVED.

13

PWRBLEL

0x0

RW

Power up BLE controller

EN = 0x1 - Power up BLE controller
DIS = 0x0 - Power down BLE controller

12

PWRPDM

0x0

RW

Power up PDM block

EN = 0x1 - Power up PDM
DIS = 0x0 - Power down PDM

1

PWRMSPI

0x0

RW

Power up MSPI Controller

EN = 0x1 - Power up MSPI
DIS = 0x0 - Power down MSPI

10

PWRSCARD

0x0

RW

Power up SCARD Controller

EN = 0x1 - Power up SCARD
DIS = 0x0 - Power down SCARD

PWRADC

0x0

RW

Power up ADC Digital Controller

EN = 0x1 - Power up ADC
DIS = 0x0 - Power Down ADC

PWRUART1

0x0

RW

Power up UART Controller 1

EN = 0x1 - Power up UART 1
DIS = 0x0 - Power down UART 1

PWRUARTO

0x0

RW

Power up UART Controller 0

EN = 0x1 - Power up UART 0
DIS = 0x0 - Power down UART 0

PWRIOM5

0x0

RW

Power up 10 Master 5

EN = 0x1 - Power up 10 Master 5
DIS = 0x0 - Power down 10 Master 5

PWRIOM4

0x0

RW

Power up 10 Master 4

EN = 0x1 - Power up 10 Master 4
DIS = 0x0 - Power down 10 Master 4

PWRIOM3

0x0

RW

Power up 10 Master 3

EN = 0x1 - Power up 10 Master 3
DIS = 0x0 - Power down 10 Master 3

PWRIOM2

0x0

RW

Power up 10 Master 2

EN = 0x1 - Power up 10 Master 2
DIS = 0x0 - Power down 10 Master 2

PWRIOM1

0x0

RW

Power up 10 Master 1

EN = 0x1 - Power up 10 Master 1
DIS = 0x0 - Power down 10 Master 1
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Table 13: DEVPWREN Register Bits

Bit Name Reset RW Description

Power up 10 Master 0

1 PWRIOMO 0x0 RW I EN = 0x1 - Power up IO Master 0

DIS = 0x0 - Power down 10 Master 0

Power up 10 Slave

0 PWRIOS 0x0 RW 1 EN = 0x1 - Power up IO slave

DIS = 0x0 - Power down IO slave

3.6.3.1.2.4MEMPWDINSLEEP Register
Power-down SRAM banks in Deep Sleep mode
OFFSET: 0x0000000C

INSTANCE 0 ADDRESS: 0x4002100C

This controls the power down of the SRAM banks in deep sleep mode. If this is set, then the power for that
SRAM bank will be gated when the core goes into deep sleep. Upon wake, the data within the SRAMs wiill
be erased. If this is not set, retention voltage will be applied to the SRAM bank when the core goes into
deep sleep. Upon wake, the data within the SRAMs are retained. Do not set this if the SRAM bank is used
as the target for DMA transfer while CPU in deepsleep.

Table 14: MEMPWDINSLEEP Register

3|3|2(2(|2|2|2|2|2]|2 2/ 1/1{1{1{1{1{1{1{1(1{0{0;0|0|0|0|0|0 0
110(9(8|7|6|5(4|3[2|1|0(9|8(7|6|5]|4 2(1|/0(9|8|7|6|5|4|3]|2 0
o oo
3 3 |3 5
S 2|2 s
E RSVD oo SRAMPWDSLP E
w - | ©
T I | =
O 0NN (@)
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Table 15: MEMPWDINSLEEP Register Bits
Bit Name Reset RW Description
power down cache in deep sleep
CACHEPWD-
31 SLP 0x0 RW EN = 0x1 - Power down cache in deep sleep
DIS = 0x0 - Retain cache in deep sleep
30:15 RSVD 0x0 RO RESERVED.
Power-down flash1 in deep sleep
FLASH1PWD-
14 SLP 0x1 RW EN = 0x1 - Flash1 is powered down during deepsleep
DIS = 0x0 - Flash1 is kept powered on during deepsleep
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Table 15: MEMPWDINSLEEP Register Bits

Bit

Name

Reset

RW

Description

13

FLASHOPWD-
SLP

0x1

RW

Power-down flashO in deep sleep

EN = 0x1 - FlashO is powered down during deepsleep
DIS = 0x0 - FlashO is kept powered on during deepsleep

12:3

SRAMPWDSLP

0x0

RW

Selects which SRAM banks are powered down in deep sleep mode, causing
the contents of the bank to be lost.

NONE = 0x0 - All banks retained

GROUPO = 0x1 - SRAM GROUPO powered down (64KB-96KB)
GROUP1 = 0x2 - SRAM GROUP1 powered down (96KB-128KB)
GROUP2 = 0x4 - SRAM GROUP?2 powered down (128KB-160KB)
GROUP3 = 0x8 - SRAM GROUP3 powered down (160KB-192KB)
GROUP4 = 0x10 - SRAM GROUP4 powered down (192KB-224KB)
GROUPS5 = 0x20 - SRAM GROUPS5 powered down (224KB-256KB)
GROUP6 = 0x40 - SRAM GROUP6 powered down (256KB-288KB)
GROUP7 = 0x80 - SRAM GROUP7 powered down (288KB-320KB)
GROUPS8 = 0x100 - SRAM GROUP8 powered down (320KB-352KB)
GROUP9 = 0x200 - SRAM GROUP9 powered down (352KB-384KB)
SRAM32K = 0x1 - Power-down lower 32k SRAM (64KB-96KB)
SRAMG64K = 0x3 - Power-down lower 64k SRAM (64KB-128KB)
SRAM128K = 0xF - Power-down lower 128k SRAM (64KB-192KB)
ALLBUTLOWER32K = 0x3FE - All SRAM banks but lower 32k powered
down (96KB-384KB).

ALLBUTLOWERG64K = 0x3FC - All banks but lower 64k powered down.
ALLBUTLOWER128K = 0x3FO0 - All banks but lower 128k powered down.
ALL = 0x3FF - All banks powered down.

2:0

DTCMPWDSLP

0x0

RW

power down DTCM in deep sleep

NONE = 0x0 - All DTCM retained

GROUPODTCMO = 0x1 - Group0_DTCMO powered down in deep sleep
(OKB-8KB)

GROUPODTCM1 = 0x2 - Group0_DTCM1 powered down in deep sleep
(8KB-32KB)

GROUPO = 0x3 - Both DTCMs in groupO are powered down in deep sleep
(OKB-32KB)

ALLBUTGROUPODTCMO = 0x6 - Group1 and Group0_DTCM1 are pow-
ered down in deep sleep (8KB-64KB)

GROUP1 = 0x4 - Group1 DTCM powered down in deep sleep (32KB-64KB)
ALL = 0x7 - All DTCMs powered down in deep sleep (O0KB-64KB)

3.6.3.1.2.5MEMPWREN Register

Enables individual banks of the MEMORY array
OFFSET: 0x00000010

INSTANCE 0 ADDRESS: 0x40021010

This register enables the individual banks for the memories. When set, power will be enabled to the banks.
This register works in connection with the MEMPWDINSLEEP register. When this register is set, then the
MEMPWRINSLEEP register will determine whether power is enabled to the SRAMs in deep sleep. If this
register is not set, then power will always be disabled to the memory bank.
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Table 16: MEMPWREN Register
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Table 17: MEMPWREN Register Bits
Bit Name Reset RW Description
Power up Cache Bank 2. This works in conjunction with Cache enable from
flash_cache module. To power up cache bank2, cache has to be enabled
31 CACHEB2 oxA RW and this bit has to be set.
EN = 0x1 - Power up Cache Bank 2
DIS = 0x0 - Power down Cache Bank 2
Power up Cache Bank 0. This works in conjunction with Cache enable from
flash_cache module. To power up cache bank0, cache has to be enabled
30 CACHERO oxA1 RW and this bit has to be set.
EN = 0x1 - Power up Cache Bank 0
DIS = 0x0 - Power down Cache Bank 0
29:15 RSVD 0x0 RO RESERVED.
Power up Flash1
14 FLASHT Ox1 RW EN = 0x1 - Power up Flash1
DIS = 0x0 - Power down Flash1
Power up Flash0
3 FLASHO 0x1 RW EN = 0x1 - Power up FlashO
DIS = 0x0 - Power down FlashO
Power up SRAM groups
NONE = 0x0 - Do not power ON any of the SRAM banks
GROUPO = 0x1 - Power ON only SRAM group0 (0KB-32KB)
GROUP1 = 0x2 - Power ON only SRAM group1 (32KB-64KB)
GROUP2 = 0x4 - Power ON only SRAM group2 (64KB-96KB)
GROUP3 = 0x8 - Power ON only SRAM group3 (96KB-128KB)
GROUP4 = 0x10 - Power ON only SRAM group4 (128KB-160KB)
. GROUPS5 = 0x20 - Power ON only SRAM group5 (160KB-192KB)
123 SRAM Ox3ff RW GROUPS6 = 0x40 - Power ON only SRAM group6 (192KB-224KB)
GROUP7 = 0x80 - Power ON only SRAM group7 (224KB-256KB)
GROUPS8 = 0x100 - Power ON only SRAM group8 (256KB-288KB)
GROUP9 = 0x200 - Power ON only SRAM group9 (288KB-320KB)
SRAM32K = 0x1 - Power ON only lower 32k
SRAMG64K = 0x3 - Power ON only lower 64k
SRAM128K = OxF - Power ON only lower 128k
SRAM256K = OxFF - Power ON only lower 256k
ALL = 0x3FF - All SRAM banks (320K) powered ON
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Table 17: MEMPWREN Register Bits

Bit Name Reset RW Description
Power up DTCM
NONE = 0x0 - Do not enable power to any DTCMs
2:0 DTCM 0x7 RW GROUPODTCMO = 0x1 - Power ON only GROUPO_DTCMO

GROUPODTCM1 = 0x2 - Power ON only GROUPO_DTCM1
GROUPQ = 0x3 - Power ON only DTCMs in group0
GROUP1 = 0x4 - Power ON only DTCMs in group1

ALL = 0x7 - Power ON all DTCMs

3.6.3.1.2.6 MEMPWRSTATUS Register
Mem Power ON Status

OFFSET: 0x00000014
INSTANCE 0 ADDRESS: 0x40021014

It provides the power status for all the memory banks including- caches, flash (0 and 1) and all the SRAM
groups. The status here should reflect the enable provided by the MEMPWREN register. There may be a
lag time between setting the bits in MEMPWREN register and MEMPWRSTATUS register, due to the need
to cycle the power gate and isolation sequences to the memory banks.

Table 18: MEMPWRSTATUS Register
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Table 19: MEMPWRSTATUS Register Bits
Bit Name Reset RW Description
3117 RSVD 0x0 RO This bit field is reserved for future use.
16 CACHEB2 0x0 RO This bitis 1 if power is supplied to Cache Bank 2
15 CACHEBO 0x0 RO This bitis 1 if power is supplied to Cache Bank 0
14 FLASH1 ox RO This bitis 1 if power is supplied to FLASH 1
13 FLASHO 0x1 RO This bitis 1 if power is supplied to FLASH 0
12 SRAM9 0x1 RO This bitis 1 if power is supplied to SRAM GROUP9
1 SRAMS oxA RO This bitis 1 if power is supplied to SRAM GROUP8
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Table 19: MEMPWRSTATUS Register Bits

Bit Name Reset RW Description

10 SRAM7 oxA RO This bit is 1 if power is supplied to SRAM GROUP7

9 SRAM6 oxA RO This bitis 1 if power is supplied to SRAM GROUP6

8 SRAMS5 0x1 RO This bitis 1 if power is supplied to SRAM GROUP5

7 SRAM4 ox RO This bit is 1 if power is supplied to SRAM GROUP4

6 SRAMS3 ox RO This bitis 1 if power is supplied to SRAM GROUP3

5 SRAM2 0x1 RO This bitis 1 if power is supplied to SRAM GROUP2

4 SRAMA oxA RO This bit is 1 if power is supplied to SRAM GROUP1

3 SRAMO oxA RO This bitis 1 if power is supplied to SRAM GROUPOQO

2 DTCM1 0x1 RO This bitis 1 if power is supplied to DTCM GROUP1

1 DTCMO1 oxA RO This bit is 1 if power is supplied to DTCM GROUPO_1
0 DTCMOO oxA RO This bitis 1 if power is supplied to DTCM GROUPQ_0

3.6.3.1.2.7DEVPWRSTATUS Register
Device Power ON Status

OFFSET: 0x00000018

INSTANCE 0 ADDRESS: 0x40021018

This provides the power status for the peripheral devices- BLEL, PDM, PDM, MSPI, SCARD, ADC, UARTO
& 1, IOM5 to 0, IOSLAVE and MCUL (DMA and Fabrics) and MCUH (ARM core). The status here should
reflect the enable provided by the DEVPWREN register. There may be a lag time between setting the bits
in DEVPWREN register and DEVPWRSTATUS register, due to the need to cycle the power gate, isolation
and reset sequences to the device power domains.

Table 20: DEVPWRSTATUS Register
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Table 21: DEVPWRSTATUS Register Bits

Bit Name Reset RW Description
51 SYSDEEPS- 00 =6 ;It'.his bit is 1 if SYSTEM has been in Deep Sleep. Write '1' to this bit to clear
LEEP
30 COREDEEPS- 0x0 RO This bitis 1 if CORE has been in Deep Sleep. Write '1' to this bit to clear it.
LEEP
29 CORESLEEP 0x0 RO This bit is 1 if CORE has been in SLEEP State. Write '1' to this bit to clear it.
28:10 RSVD 0x0 RO This bit field is reserved for future use.
9 BLEH 0x0 RO This bit is 1 if power is supplied to BLEH
3 BLEL 0x0 RO This bitis 1 if power is supplied to BLEL
7 PWRPDM 0x0 RO This bitis 1 if power is supplied to PDM
6 PWRMSPI 0x0 RO This bitis 1 if power is supplied to MSPI
5 PWRADC 0x0 RO This bitis 1 if power is supplied to ADC
4 HCPC 0x0 RO This bitis 1 if power is supplied to HCPC domain (IO MASTER4, 5, 6)
3 HCPB 0x0 RO This bitis 1 if power is supplied to HCPB domain (IO MASTER 0, 1, 2)
This bit is 1 if power is supplied to HCPA domain (IO SLAVE, UARTO,
2 HCPA 0x0 RO | UART1, SCARD)
1 MCUH oxA1 RO This bitis 1 if power is supplied to MCUH
0 MCUL oxA RO This bitis 1 if power is supplied to MCUL

3.6.3.1.2.8SRAMCTRL Register
SRAM Control register

OFFSET: 0x0000001C

INSTANCE 0 ADDRESS: 0x4002101C

This register provides additional fine-tune power management controls for the SRAMs and the SRAM
controller. This includes enabling light sleep for the SRAM and TCM banks, and clock gating for reduced
dynamic power.
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Table 22: SRAMCTRL Register
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Table 23: SRAMCTRL Register Bits
Bit Name Reset RW Description
31:20 RSVD 0x0 RO This bit field is reserved for future use.
Light Sleep enable for each TCM/SRAM bank. When 1, corresponding bank
will be put into light sleep. For optimal power, banks should be put into light
19:8 SRQI\L/IIE_IIEGPHT- 0x0 RW sleep while the system is active but the bank has minimal or no accesses.
ALL = OxFF - Enable LIGHT SLEEP for ALL SRAMs
DIS = 0x0 - Disables LIGHT SLEEP for ALL SRAMs
7.3 RSVD 0x0 RO This bit field is reserved for future use.
This bit is 1 when the master clock gate is enabled (top-level clock gate for
SRAMMASTER- entire SRAM block)
2 CLKGATE 0x0 RW
EN = 0x1 - Enable Master SRAM Clock Gate
DIS = 0x0 - Disables Master SRAM Clock Gating
This bit is 1 if clock gating is allowed for individual system SRAMs
1 SRAMCLKGATE 0x0 RW EN = 0x1 - Enable Individual SRAM Clock Gating
DIS = 0x0 - Disables Individual SRAM Clock Gating
0 RSVD 0x0 RO This bit field is reserved for future use.

3.6.3.1.2.9ADCSTATUS Register
Power Status Register for ADC Block

OFFSET:

0x00000020

INSTANCE 0 ADDRESS: 0x40021020

This provides the power status for various blocks within the ADC. These status comes directly from the
ADC module and is captured through this interface.
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Table 24: ADCSTATUS Register
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Table 25: ADCSTATUS Register Bits
Bit Name Reset RW Description
31:6 RSVD 0x0 RO RESERVED.
5 REFBUFPWD oxA RO This bit indicates that the ADC REFBUF is powered down
4 REFKEEPPWD oxA RO This bit indicates that the ADC REFKEEP is powered down
3 VBATPWD oxA RO This bit indicates that the ADC VBAT resistor divider is powered down
This bit indicates that the ADC temperature sensor input buffer is powered
2 VPTATPWD 0x1 RO | down
1 BGTPWD oxA RO This bit indicates that the ADC Band Gap is powered down
0 ADCPWD oxA RO This bit indicates that the ADC is powered down

3.6.3.1.2.10MISC Register

Power Optimization Control Bits

OFFSET: 0x00000024
INSTANCE 0 ADDRESS: 0x40021024

This register includes additional debug control bits. This is an internal Ambig-only register. Customers
should not attempt to change this or else functionality cannot be guaranteed.
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Table 26: MISC Register
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Table 27: MISC Register Bits
Bit Name Reset RW Description
31:8 RSVD 0x0 RO RESERVED.
Control Bit to enable BLE Buck to be in active state when BLE Buck is
7 FORCEBLE- 0x0 RW enabled. Default behavior is to be in active only when Burst or BLEH power
BUCKACT on are requested.
Control Bit to let Mem VR go to LP mode in deep sleep even when BLEL or
BLEH is powered on given none of the other domains require it.
6 MEMVRLPBLE 0x0 RW
EN = 0x1 - Mem VR can go to LP mode even when BLE is powered on.
DIS = 0x0 - Mem VR will stay in active mode when BLE is powered on.
Control Bit to force Mem VR to LP or ACT mode in deep sleep when ADC is
powered ON. 0x3 results in picking LP mode.
ACT = 0x2 - In this mode if all the other domains but ADC are powered
5-4 FORCEMEM- 0x0 RW down, Mem VR will stay in ACT mode.
’ VRADC LP = 0x1 - In this mode if all the other domains but ADC are powered down,
Mem VR will stay in LP mode.
DIS = 0x0 - In this mode if all the other domains but ADC are powered
down, Mem VR will duty cycle between active and LP modes depending on
ADC sampling.
5 FORCEMEM.- 00 W t())::et:jolctli?:r:etrc)():osrtci;el\:l?sn:’u?:into LP mode in deep sleep even when hfrc
VRLPTIMERS o
,|FORCECOREV. | GOt B s Core R o P mode n oo s ovn when i
RLPTIMERS 9:
1 FORCECOREV- 00 W g;ntE)JVZfetg)Oegzzlteptg:/lcics)reo\\,/v}:rte%%c;|nto LP mode with HCPA/B/C/MSPI
RLPPDM P P
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Table 27: MISC Register Bits

Bit Name Reset RW Description
Enables and Selects the SIMO Buck as the supply for the low-voltage power
domain. It takes the initial value from the bit set in Customer INFO space.
0 SIMOBUCKEN 0x0 RW

EN = 0x1 - Enable the SIMO Buck
DIS = 0x0 - Disable the SIMO Buck

3.6.3.1.2.11DEVPWREVENTEN Register

Event enable register to control which DEVPWRSTATUS bits are routed to event input of CPU.
OFFSET: 0x00000028
INSTANCE 0 ADDRESS: 0x40021028

This register controls which feature trigger will result in an event to the CPU. It includes all the power on
status for the core domains, as well as the Burst event. If any bits are set, then if the domain is turned on,
it will result in an event to the ARM core.

Table 28: DEVPWREVENTEN Register
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Table 29: DEVPWREVENTEN Register Bits
Bit Name Reset RW Description
Control BURST status event
31 BURSTEVEN 0x0 RW | EN = 0x1 - Enable BURST status event
DIS = 0x0 - Disable BURST status event
Control BURSTFEATURE status event
BURSTFEATU-
30 REEVEN 0x0 RW EN = 0x1 - Enable BURSTFEATURE status event
DIS = 0x0 - Disable BURSTFEATURE status event
Control BLEFEATURE status event
BLEFEATU-
29 REEVEN 0x0 RW EN = 0x1 - Enable BLEFEATURE status event
DIS = 0x0 - Disable BLEFEATURE status event
28:9 RSVD 0x0 RO RESERVED.
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Table 29: DEVPWREVENTEN Register Bits

Bit Name Reset RW Description

Control BLE power-on status event

8 BLELEVEN 0x0 RW EN = 0x1 - Enable BLE power-on status event

DIS = 0x0 - Disable BLE power-on status event

Control PDM power-on status event

7 PDMEVEN 0x0 RW EN = 0x1 - Enable PDM power-on status event

DIS = 0x0 - Disable PDM power-on status event

Control MSPI power-on status event

6 MSPIEVEN 0x0 RW EN = 0x1 - Enable MSPI power-on status event

DIS = 0x0 - Disable MSPI power-on status event

Control ADC power-on status event

S ADCEVEN 0x0 RW EN = 0x1 - Enable ADC power-on status event

DIS = 0x0 - Disable ADC power-on status event

Control HCPC power-on status event

4 HCPCEVEN 0x0 RW EN = 0x1 - Enable HCPC power-on status event

DIS = 0x0 - Disable HCPC power-on status event

Control HCPB power-on status event

3 HCPBEVEN 0x0 RW EN = 0x1 - Enable HCPB power-on status event

DIS = 0x0 - Disable HCPB power-on status event

Control HCPA power-on status event

2 HCPAEVEN 0x0 RW EN = 0x1 - Enable HCPA power-on status event

DIS = 0x0 - Disable HCPA power-on status event

Control MCUH power-on status event

1 MCUHEVEN 0x0 RW EN = 0x1 - Enable MCHU power-on status event

DIS = 0x0 - Disable MCUH power-on status event

Control MCUL power-on status event

0 MCULEVEN 0x0 RW EN = 0x1 - Enable MCUL power-on status event

DIS = 0x0 - Disable MCUL power-on status event

3.6.3.1.2.12MEMPWREVENTEN Register

Event enable register to control which MEMPWRSTATUS bits are routed to event input of CPU.
OFFSET: 0x0000002C

INSTANCE 0 ADDRESS: 0x4002102C

This register controls which power enable for the memories will result in an event to the CPU. It includes all
the power on status for the memory domains. If any bits are set, then if the domain is turned on, it will result
in an event to the ARM core.
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Table 30: MEMPWREVENTEN Register
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Table 31: MEMPWREVENTEN Register Bits
Bit Name Reset RW Description
Control CACHEB2 power-on status event
31 CACHEB2EN 0x0 RW EN = 0x1 - Enable CACHE BANK 2 status event
DIS = 0x0 - Disable CACHE BANK 2 status event
Control CACHE BANK 0 power-on status event
30 CACHEBOEN 00 RW EN = 0x1 - Enable CACHE BANK 0 status event
DIS = 0x0 - Disable CACHE BANK O status event
29:15 RSVD 0x0 Ro | RESERVED.
Control Flash power-on status event
14 FLASHTEN 00 RW EN = 0x1 - Enable FLASH status event
DIS = 0x0 - Disables FLASH status event
Control Flash power-on status event
3 FLASHOEN 0x0 RW EN = 0x1 - Enable FLASH status event
DIS = 0x0 - Disables FLASH status event
Control SRAM power-on status event
NONE = 0x0 - Disable SRAM power-on status event
GROUPOQOEN = 0x1 - Enable SRAM group0 (0KB-32KB) power on status
event
GROUP1EN = 0x2 - Enable SRAM group1 (32KB-64KB) power on status
event
GROUP2EN = 0x4 - Enable SRAM group2 (64KB-96KB) power on status
event
GROUP3EN = 0x8 - Enable SRAM group3 (96KB-128KB) power on status
event
12:3 SRAMEN 0x0 RW | GROUP4EN = 0x10 - Enable SRAM group4 (128KB-160KB) power on sta-
tus event
GROUPS5EN = 0x20 - Enable SRAM group5 (160KB-192KB) power on sta-
tus event
GROUPGEN = 0x40 - Enable SRAM group6 (192KB-224KB) power on sta-
tus event
GROUPT7EN = 0x80 - Enable SRAM group7 (224KB-256KB) power on sta-
tus event
GROUPS8EN = 0x100 - Enable SRAM group8 (256KB-288KB) power on sta-
tus event
GROUP9EN = 0x200 - Enable SRAM group9 (288KB-320KB) power on sta-
tus event
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Table 31: MEMPWREVENTEN Register Bits

Bit Name Reset RW Description
Enable DTCM power-on status event
NONE = 0x0 - Do not enable DTCM power-on status event
GROUPODTCMOEN = 0x1 - Enable GROUPO_DTCMO power on status

. event

20 DTCMEN 0x0 RW GROUPODTCM1EN = 0x2 - Enable GROUPO_DTCM1 power on status
event
GROUPOEN = 0x3 - Enable DTCMs in groupO power on status event
GROUP1EN = 0x4 - Enable DTCMs in group1 power on status event
ALL = 0x7 - Enable all DTCM power on status event
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3.7 Debug Interfaces

An external debugger can be connected to the MCU using the ARM Serial Wire Debug (SWD) interface.
The SWD interface is a 2-wire interface that is supported by a variety of off-the-shelf commercial
debuggers, enabling customers to utilize their development environment of choice.

Several useful debug facilities are provided in the Apollo3 Blue SoC:

= Instruction Trace Macrocell (ITM)
= Trace Port Interface Unit (TPIU)
= Faulting Address Trapping Hardware

3.7.1 Instrumentation Trace Macrocell (ITM)

For system trace the processor integrates an Instrumentation Trace Macrocell (ITM) alongside data
watchpoints and a profiling unit. To enable simple and cost-effective profiling of the system events these
generate, a Serial Wire Viewer (SWV) can export a stream of software-generated messages, data trace,
and profiling information through a single pin.

3.7.2 Trace Port Interface Unit (TPIU)

The Apollo3 Blue SoC includes a Cortex-M4 Trace Port Interface Unit (TPIU). The TPIU is an ARM IP
component that acts as a bridge between the on-chip trace data from the ITM and the single pin supporting
the Serial Wire Viewer Protocol.

The TPIU includes a Trace Output Serializer that can format and send the SWV protocol in either a
Manchester encoded form or as a standard UART stream.

3.7.3 Faulting Address Trapping Hardware

The Apollo3 Blue SoC offers an optional facility for trapping the address associated with bus faults
occurring on any of the three AMBA AHB buses on the chip. This facility must be specifically enabled so
that energy is not wasted when one is not actively debugging.
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3.8 ITM Registers
ARM ITM Registers.
INSTANCE 0 BASE ADDRESS:0x00000000
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3.8.1 Register Memory Map

Table 32: ITM Register Map

Address(s) Register Name Description
0xE0000000 STIMO Stimulus Port Register 0
0xE0000004 STIM1 Stimulus Port Register 1
0xE0000008 STIM2 Stimulus Port Register 2
0xE000000C STIM3 Stimulus Port Register 3
0xE0000010 STIM4 Stimulus Port Register 4
0xE0000014 STIM5 Stimulus Port Register 5
0xE0000018 STIM6 Stimulus Port Register 6
0xE000001C STIM7 Stimulus Port Register 7
0xE0000020 STIM8 Stimulus Port Register 8
0xE0000024 STIM9 Stimulus Port Register 9
0xE0000028 STIM10 Stimulus Port Register 10
0xE000002C | STIM11 Stimulus Port Register 11
0xE0000030 STIM12 Stimulus Port Register 12
0xE0000034 STIM13 Stimulus Port Register 13
0xE0000038 STIM14 Stimulus Port Register 14
0xE000003C STIM15 Stimulus Port Register 15
0xE0000040 STIM16 Stimulus Port Register 16
0xE0000044 STIM17 Stimulus Port Register 17
0xE0000048 STIM18 Stimulus Port Register 18
0xE000004C STIM19 Stimulus Port Register 19
0xE0000050 STIM20 Stimulus Port Register 20
0xE0000054 STIM21 Stimulus Port Register 21
0xE0000058 STIM22 Stimulus Port Register 22
0xE000005C | STIM23 Stimulus Port Register 23
0xE0000060 STIM24 Stimulus Port Register 24
0xE0000064 STIM25 Stimulus Port Register 25
0xE0000068 STIM26 Stimulus Port Register 26
0xE000006C STIM27 Stimulus Port Register 27
0xE0000070 STIM28 Stimulus Port Register 28
0xE0000074 STIM29 Stimulus Port Register 29
0xE0000078 STIM30 Stimulus Port Register 30
0xE000007C STIM31 Stimulus Port Register 31
0xEOOOOEOO TER Trace Enable Register.
OxEOOO0E40 TPR Trace Privilege Register.
0xEOOOOE80 TCR Trace Control Register.
0xEOO000FBO LOCKAREG Lock Access Register
DS-A3-1p2p0 Page 102 of 946 ©2022 Ambiq Micro, Inc.

All rights reserved.



Apollo3 Blue SoC Datasheet

Table 32: ITM Register Map

Address(s) Register Name Description
0xEOO000FB4 LOCKSREG Lock Status Register
0xEO000FDO PID4 Peripheral Identification Register 4
0xEOO000FD4 PID5 Peripheral Identification Register 5
0xEOO0O0OFD8 PID6 Peripheral Identification Register 6
0xEOOOOFDC | PID7 Peripheral Identification Register 7
0xEOOOOFEQ PIDO Peripheral Identification Register 0
OxEOOOOFE4 PID1 Peripheral Identification Register 1
OxEOOOOFES8 PID2 Peripheral Identification Register 2
0xEOOOQFEC PID3 Peripheral Identification Register 3
OxEOOOOFFO CIDO Component Identification Register 1
OxEOOO0FF4 CID1 Component Identification Register 1
OxEOOOOFF8 CID2 Component Identification Register 2
0xEOOOOFFC CID3 Component Identification Register 3
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3.8.2 ITM Registers

3.8.2.1 STIMO Register

Stimulus Port Register 0

OFFSET: 0xE0000000

INSTANCE 0 ADDRESS: 0xE0000000
Stimulus Port Register 0

Table 33: STIMO Register

1

1

1

1

1

-

1

1

-
o
o
o

1,0(9|8|7|6(5[4|3|2|1]|0 6 4 9|8|7 5|/4(3(2(1]0
STIMO
Table 34: STIMO Register Bits
Bit Name Reset RW Description
31:0 STIMO 0x0 RW Stimulus Port Register 0.
3.8.2.2 STIM1 Register
Stimulus Port Register 1
OFFSET: 0xE0000004
INSTANCE 0 ADDRESS: 0xE0000004
Stimulus Port Register 1
Table 35: STIM1 Register
3|2(2|2(2|2|2|2)|2 2|11(1|1(1]1(1]1(1 10|00 0|j0(0]|0 0
10/9(8|7(6|5(4|3(2|1]|0 4 91|18 |7 5/4(3|2(1|0
STIM1
Table 36: STIM1 Register Bits
Bit Name Reset RW Description
31:0 STIM1 0x0 RW Stimulus Port Register 1.
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3.8.2.3 STIM2 Register

Stimulus Port Register 2
OFFSET: 0xE0000008

INSTANCE 0 ADDRESS: 0xE0000008

Stimulus Port Register 2

Table 37: STIM2 Register

3|3 2|22 2 (22211111111 1/0(0/|0 ojojofo0|0|O
10 8|76 3|2(1(0 4 9|8 |7 5|4(3(2|1]0
STIM2
Table 38: STIM2 Register Bits
Bit Name Reset RW Description
31:0 STIM2 0x0 RW Stimulus Port Register 2.
3.8.2.4 STIM3 Register
Stimulus Port Register 3
OFFSET: 0xE000000C
INSTANCE 0 ADDRESS: 0xE000000C
Stimulus Port Register 3
Table 39: STIM3 Register
3|3 2|22 2|2 (22|11 (1]|1][1|1]1]1 1/0(0]|0 ojo|ofo0|0]|O
10 8|76 3|12(1|0 6 4 9|8 |7 5/4(3|2(1|0
STIM3
Table 40: STIM3 Register Bits
Bit Name Reset RW Description
31:0 STIM3 0x0 RW Stimulus Port Register 3.

3.8.2.5 STIM4 Register

Stimulus Port Register 4
OFFSET: 0xE0000010

INSTANCE 0 ADDRESS: 0xE0000010
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Stimulus Port Register 4

Table 41: STIM4 Register

3|2|2(2|2|2|2|2|2|2|2|1|1|1|1|1|1][1|1|1][1|/0|0[0|0|0[0|0]|0O 0
1/0(9|8|7|6|5|{4(3|2|1|0|9|8|7|6|5|4|3|2(1|0[9|8|7|6|5|4(3|2(1]0
STIM4
Table 42: STIM4 Register Bits

Bit Name Reset RW Description
31:0 STIM4 0x0 RW Stimulus Port Register 4.
3.8.2.6 STIM5 Register
Stimulus Port Register 5
OFFSET: 0xE0000014
INSTANCE 0 ADDRESS: 0xE0000014
Stimulus Port Register 5
Table 43: STIM5 Register
3|13(2|2(2|2(|2|2(2|2|2|2|1(1|1(1|1(1|1(1|]1|1|]0|0|0|0(O0|O0O(O0|O0|O0]|0O0
10|9(8|7(6|5(4|3(2|1/0/9|8|7|6|5|4(3|2(1|0(98|7|6|5[(4|3[2|1(0
STIM5
Table 44: STIM5 Register Bits
Bit Name Reset RW Description
310 STIM5 0x0 RW Stimulus Port Register 5.

3.8.2.7 STIM6 Register

Stimulus Port Register 6

OFFSET: 0xE0000018

INSTANCE 0 ADDRESS: 0xE0000018
Stimulus Port Register 6
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Table 45: STIM6 Register

3(3|2(2|2(2|2|2(2|2(2|2(1]|1(1]|1]1

-

1

1

-
o
o
o

1,0|/9(8|7(6|5(4|3(2|1(0|{9(8|7|6|5|4 9|8 |7 5/4(3|2(1|0
STIM6
Table 46: STIM6 Register Bits
Bit Name Reset RW Description
31:0 STIM6 0x0 RW Stimulus Port Register 6.
3.8.2.8 STIM7 Register
Stimulus Port Register 7
OFFSET: 0xE000001C
INSTANCE 0 ADDRESS: 0xE000001C
Stimulus Port Register 7
Table 47: STIM7 Register
3(2(2(2|2|2|2|2|2|2(2(1(1|1[1[1|1[1]1 1/0|0]|0 ojofo|o 0
1/0/9|8|7|6|5[4(3|2[1]|0 4 9(8|7 5(4(3|2[(1]0
STIM7
Table 48: STIM7 Register Bits
Bit Name Reset RW Description
31:0 STIM7 0x0 RW Stimulus Port Register 7.

3.8.2.9 STIM8 Register

Stimulus Port Register 8

OFFSET: 0xE0000020

INSTANCE 0 ADDRESS: 0xE0000020
Stimulus Port Register 8
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Table 49: STIM8 Register

3(3|2(2|2(2|2|2(2|2(2|2(1]|1(1]|1]1

-

1

1

-
o
o
o

1/0(9|8|7|6|5|4(3|2|1|0|9|8|7|6|5]|4 9|8 |7 5|4(3(2|1]0
STIM8
Table 50: STIM8 Register Bits
Bit Name Reset RW Description
31:0 STIMS 0x0 RW Stimulus Port Register 8.
3.8.2.10 STIM9 Register
Stimulus Port Register 9
OFFSET: 0xE0000024
INSTANCE 0 ADDRESS: 0xE0000024
Stimulus Port Register 9
Table 51: STIM9 Register
3222222222211 |1[1[1|1[1]1 1/0(0]|0 ojo|o0fo0 0
1/0(9|8|7|6|5|4([3|2|1]0 4 9|87 5|4(3(2|1]0
STIM9
Table 52: STIM9 Register Bits
Bit Name Reset RW Description

31:0 STIM9 0x0 RW

Stimulus Port Register 9.

3.8.2.11 STIM10 Register
Stimulus Port Register 10

OFFSET: 0xE0000028

INSTANCE 0 ADDRESS: 0xE0000028
Stimulus Port Register 10
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Table 53: STIM10 Register

3|3(2(2|2|2|2|2|2|2|2|2(1|1|{1|1|1[1|1|1({1|1]|0[0]|0 ojo|ofo0|0]|O
110(9(8|7(6|5(4|3|2|1|0 4 1 9 (8|7 5(4(3(2|1(0
STIM10
Table 54: STIM10 Register Bits
Bit Name Reset RW Description
31:0 STIM10 0x0 RW Stimulus Port Register 10.
3.8.2.12 STIM11 Register
Stimulus Port Register 11
OFFSET: 0xE000002C
INSTANCE 0 ADDRESS: 0xE000002C
Stimulus Port Register 11
Table 55: STIM11 Register
3|2|2(2|2|2|2|2|2|2|2{1|1|1[1|1|1[1|1|1[1|0]|0]0 ojo|0fo0 0
1/0(9|8|7(6|5|4(3|2|1(0 4 1 9|8 |7 5|4(3(2|1]|0
STIM11
Table 56: STIM11 Register Bits
Bit Name Reset RW Description

31:0 STIMA1 0x0 RW Stimulus Port Register 11.

3.8.2.13 STIM12 Register
Stimulus Port Register 12

OFFSET: 0xE0000030

INSTANCE 0 ADDRESS: 0xE0000030
Stimulus Port Register 12
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Table 57: STIM12 Register

3(3|2(2|2|2|2|2|2|2|2|2(1|{1|1|1[1|1|1[1|1|1(0]0]0 ojojofo|o0]|oO
1/,0(9(8(7(6|(5(4(3(2(1]0 4 1 9 8|7 5/4/3[2(1|0
STIM12
Table 58: STIM12 Register Bits
Bit Name Reset RW Description
31:0 STIM12 0x0 RW Stimulus Port Register 12.
3.8.2.14 STIM13 Register
Stimulus Port Register 13
OFFSET: 0xE0000034
INSTANCE 0 ADDRESS: 0xE0000034
Stimulus Port Register 13
Table 59: STIM13 Register
3(2|2(2|2|2|2|2|2|2|2|1|1|{1]|1|1[1|1|1[1]|1]|0f0]0 o|{o|o0|o0 0
1/0(9|8|7|6|5[4(3|2(1]0 4 1 9|8|7 5/4|3(2|1]0
STIM13
Table 60: STIM13 Register Bits
Bit Name Reset RW Description

31:0 STIMA3 0x0 RW Stimulus Port Register 13.

3.8.2.15 STIM14 Register
Stimulus Port Register 14

OFFSET: 0xE0000038

INSTANCE 0 ADDRESS: 0xE0000038
Stimulus Port Register 14
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Table 61: STIM14 Register

3(3|2(2|2|2|2|2|2|2|2|2(1|{1|1|1[1|1|1[1|1|1(0]0]0 ojojofo|o0]|oO
110(9(8|7(6|5(4|3|2|1|0 4 1 9 (8|7 5(4(3(2|1(0
STIM14
Table 62: STIM14 Register Bits
Bit Name Reset RW Description
31:0 STIM14 0x0 RW Stimulus Port Register 14.
3.8.2.16 STIM15 Register
Stimulus Port Register 15
OFFSET: 0xE0O00003C
INSTANCE 0 ADDRESS: 0xE0O00003C
Stimulus Port Register 15
Table 63: STIM15 Register
3(2|2(2|2|2|2|2|2|2|2|1|1|{1]|1|1[1|1|1[1]|1]|0f0]0 o|{o|o0|o0 0
1/0(9|8|7|6|5[4(3|2(1]0 4 1 9|8|7 5/4|3(2|1]0
STIM15
Table 64: STIM15 Register Bits
Bit Name Reset RW Description

31:0 STIM15 0x0 RW Stimulus Port Register 15.

3.8.2.17 STIM16 Register
Stimulus Port Register 16

OFFSET: 0xE0000040

INSTANCE 0 ADDRESS: 0xE0000040
Stimulus Port Register 16
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Table 65: STIM16 Register

3(3|2(2|2(2|2|2(2|2(2|2(1]|1(1]|1]1

-

1

1

-
o
o
o

1,0/9(8|7(6|5(4|3|2|1]|0 4 9|8 |7 5/4(3|2(1|0
STIM16
Table 66: STIM16 Register Bits
Bit Name Reset RW Description
31:0 STIM16 0x0 RW Stimulus Port Register 16.
3.8.2.18 STIM17 Register
Stimulus Port Register 17
OFFSET: 0xE0000044
INSTANCE 0 ADDRESS: 0xE0000044
Stimulus Port Register 17
Table 67: STIM17 Register
3(2(2(2|2|2|2|2|2|2(2(1(1|1[1[1|1[1]1 1/0|0]|0 ojofo|o 0
1/0/9|8|7|6|5[4(3|2[1]|0 4 9(8|7 5(4(3|2[(1]0
STIM17
Table 68: STIM17 Register Bits
Bit Name Reset RW Description
31:0 STIMA7 0x0 RW Stimulus Port Register 17.

3.8.2.19 STIM18 Register
Stimulus Port Register 18

OFFSET: 0xE0000048

INSTANCE 0 ADDRESS: 0xE0000048
Stimulus Port Register 18
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Table 69: STIM18 Register

3|3(2(2|2|2|2|2|2|2|2|2(1|1|{1|1|1[1|1|1({1|1]|0[0]|0 ojo|ofo0|0]|O
1/,0(9(8(7(6|(5(4(3(2(1]0 4 1 9 8|7 5/4/3[2(1|0
STIM18
Table 70: STIM18 Register Bits
Bit Name Reset RW Description
31:0 STIM18 0x0 RW Stimulus Port Register 18.
3.8.2.20 STIM19 Register
Stimulus Port Register 19
OFFSET: 0xE000004C
INSTANCE 0 ADDRESS: 0xE000004C
Stimulus Port Register 19
Table 71: STIM19 Register
3|2|2(2|2|2|2|2|2|2|2{1|1|1[1|1|1[1|1|1[1|0]|0]0 ojofo|o 0
1/0(9|8|7(6|5|4(3|2|1(0 4 1 9|8 |7 5|4(3(2|1]|0
STIM19
Table 72: STIM19 Register Bits
Bit Name Reset RW Description

31:0 STIM19 0x0 RW Stimulus Port Register 19.

3.8.2.21 STIM20 Register
Stimulus Port Register 20

OFFSET: 0xE0000050

INSTANCE 0 ADDRESS: 0xE0000050
Stimulus Port Register 20
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Table 73: STIM20 Register

3(3|2(2|2(2|2|2(2|2(2|2(1]|1(1]|1]1

-

1

1

-
o
o
o

1/,0(9(8(7(6|(5(4(3(2(1]0 4 9 8|7 5/4/3[2(1|0
STIM20
Table 74: STIM20 Register Bits
Bit Name Reset RW Description
31:0 STIM20 0x0 RW Stimulus Port Register 20.
3.8.2.22 STIM21 Register
Stimulus Port Register 21
OFFSET: 0xE0000054
INSTANCE 0 ADDRESS: 0xE0000054
Stimulus Port Register 21
Table 75: STIM21 Register
3(2(2(2|2|2|2|2|2|2(2(1(1|1[1[1|1[1]1 1/0|0]|0 ojofo|o 0
1/0|/9|8|7|6|5|4|3|2|1]|0 4 98 |7 5(4(3(2(1|0
STIM21
Table 76: STIM21 Register Bits
Bit Name Reset RW Description
31:0 STIM21 0x0 RW Stimulus Port Register 21.

3.8.2.23 STIM22 Register
Stimulus Port Register 22

OFFSET: 0xE0000058

INSTANCE 0 ADDRESS: 0xE0000058
Stimulus Port Register 22
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Table 77: STIM22 Register

3(3|2(2|2|2|2|2|2|2|2|2(1|{1|1|1[1|1|1[1|1|1(0]0]0 ojojofo|o0]|oO
1/,0(9(8(7(6|(5(4(3(2(1]0 4 1 9 8|7 5/4/3[2(1|0
STIM22
Table 78: STIM22 Register Bits
Bit Name Reset RW Description
31:0 STIM22 0x0 RW Stimulus Port Register 22.
3.8.2.24 STIM23 Register
Stimulus Port Register 23
OFFSET: 0xE000005C
INSTANCE 0 ADDRESS: 0xEO00005C
Stimulus Port Register 23
Table 79: STIM23 Register
3(2|2(2|2|2|2|2|2|2|2|1|1|{1]|1|1[1|1|1[1]|1]|0f0]0 o|{o|o0|o0 0
1/0(9|8|7|6|5[4(3|2(1]0 4 1 9|8|7 5/4|3(2|1]0
STIM23
Table 80: STIM23 Register Bits
Bit Name Reset RW Description

31:0 STIM23 0x0 RW Stimulus Port Register 23.

3.8.2.25 STIM24 Register
Stimulus Port Register 24

OFFSET: 0xE0000060

INSTANCE 0 ADDRESS: 0xE0000060
Stimulus Port Register 24
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Table 81: STIM24 Register

3(3|2(2|2|2|2|2|2|2|2|2(1|{1|1|1[1|1|1[1|1|1(0]0]0 ojojofo|o0]|oO
110(9(8|7(6|5(4|3|2|1|0 4 1 9 (8|7 5(4(3(2|1(0
STIM24
Table 82: STIM24 Register Bits
Bit Name Reset RW Description
31:0 STIM24 0x0 RW Stimulus Port Register 24.
3.8.2.26 STIM25 Register
Stimulus Port Register 25
OFFSET: 0xE0000064
INSTANCE 0 ADDRESS: 0xE0000064
Stimulus Port Register 25
Table 83: STIM25 Register
3(2|2(2|2|2|2|2|2|2|2|1|1|{1]|1|1[1|1|1[1]|1]|0f0]0 o|{o|o0|o0 0
1/0(9|8|7|6|5[4(3|2(1]0 4 1 9|8|7 5/4|3(2|1]0
STIM25
Table 84: STIM25 Register Bits
Bit Name Reset RW Description

31:0 STIM25 0x0 RW Stimulus Port Register 25.

3.8.2.27 STIM26 Register
Stimulus Port Register 26

OFFSET: 0xE0000068

INSTANCE 0 ADDRESS: 0xE0000068
Stimulus Port Register 26
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Table 85: STIM26 Register

3(3|2(2|2|2|2|2|2|2|2|2(1|{1|1|1[1|1|1[1|1|1(0]0]0 ojojofo|o0]|oO
1/,0(9(8(7(6|(5(4(3(2(1]0 4 1 9 8|7 5/4/3[2(1|0
STIM26
Table 86: STIM26 Register Bits
Bit Name Reset RW Description
31:0 STIM26 0x0 RW Stimulus Port Register 26.
3.8.2.28 STIM27 Register
Stimulus Port Register 27
OFFSET: 0xE000006C
INSTANCE 0 ADDRESS: 0xEO00006C
Stimulus Port Register 27
Table 87: STIM27 Register
3(2|2(2|2|2|2|2|2|2|2|1|1|{1]|1|1[1|1|1[1]|1]|0f0]0 o|{o|o0|o0 0
1/0(9|8|7|6|5[4(3|2(1]0 4 1 9|8|7 5/4|3(2|1]0
STIM27
Table 88: STIM27 Register Bits
Bit Name Reset RW Description

31:0 STIM27 0x0 RW Stimulus Port Register 27.

3.8.2.29 STIM28 Register
Stimulus Port Register 28

OFFSET: 0xE0000070

INSTANCE 0 ADDRESS: 0xE0000070
Stimulus Port Register 28
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Table 89: STIM28 Register

3(3|2(2|2|2|2|2|2|2|2|2(1|{1|1|1[1|1|1[1|1|1(0]0]0 ojojofo|o0]|oO
1/0(9|8|7|6|5[4(3|2(1]|0 4 1 9|87 5/4|3[2(|1]0
STIM28
Table 90: STIM28 Register Bits
Bit Name Reset RW Description
31:0 STIM28 0x0 RW Stimulus Port Register 28.
3.8.2.30 STIM29 Register
Stimulus Port Register 29
OFFSET: 0xE0000074
INSTANCE 0 ADDRESS: 0xE0O000074
Stimulus Port Register 29
Table 91: STIM29 Register
3(2|2(2|2|2|2|2|2|2|2|1|1|{1]|1|1[1|1|1[1]|1]|0f0]0 o|{o|o0|o0 0
1/0(9|8|7|6|5[4(3|2(1]0 4 1 9|8|7 5/4|3(2|1]0
STIM29
Table 92: STIM29 Register Bits
Bit Name Reset RW Description

31:0 STIM29 0x0 RW Stimulus Port Register 29.

3.8.2.31 STIM30 Register
Stimulus Port Register 30

OFFSET: 0xE0000078

INSTANCE 0 ADDRESS: 0xE0000078
Stimulus Port Register 30
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Table 93: STIM30 Register

3(3|2(2|2(2|2|2(2|2(2|2(1]|1(1]|1]1

-

1

1

-
o
o
o

1/,0(9(8(7(6|(5(4(3(2(1]0 4 9 8|7 5/4/3[2(1|0
STIM30
Table 94: STIM30 Register Bits
Bit Name Reset RW Description
31:0 STIM30 0x0 RW Stimulus Port Register 30.
3.8.2.32 STIM31 Register
Stimulus Port Register 31
OFFSET: 0xE000007C
INSTANCE 0 ADDRESS: 0xEO00007C
Stimulus Port Register 31
Table 95: STIM31 Register
3(2|2(2(2|2(2|2|2(2|2|1(1|1]|1[1]|1]|1]1 1/0(0]|0 ojo|o0fo0 0
1/0(9|8|7|6|5[4(3|2(1]0 4 9|8|7 5/4|3(2|1]0
STIM31
Table 96: STIM31 Register Bits
Bit Name Reset RW Description
31:0 STIM31 0x0 RW Stimulus Port Register 31.

3.8.2.33 TER Register

Trace Enable Register.

OFFSET: 0xEOOOOEOQO

INSTANCE 0 ADDRESS: 0xEOO00EQO

Trace Enable Register.
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Table 97: TER Register

3(3|2(2|2|2|2|2(2|2(2|2{1|1(1|1|1(1]|1[1]1
1,0/9|8(7(6(5/4/3|2|1/0(9(8|7|6|5|4|3(2(1/0|9|8|7|6|5[4/3|2|1]|0

-
o
o
o
o
o
o
o
o
o
o

STIMENA

Table 98: TER Register Bits

Bit Name Reset RW Description

310 STIMENA 0x0 RW Bit mask to enable tracing on ITM stimulus ports. One bit per stimulus port..

3.8.2.34 TPR Register

Trace Privilege Register.

OFFSET: 0xEOOOOE40

INSTANCE 0 ADDRESS: 0xEOO00E40

Trace Privilege Register.

Table 99: TPR Register

3|2|2|2|2|2|2|2|2|2|2|1|1|{1|{1|1|{1|1|1|]1|]1|]0]0|0|0|0|0|0]|0 0
1/0(9(8(7(6|(5(4(3(2(1/0 4 1 9876|543 |2|1]|0
N
2
RSVD =
=
o
o
Table 100: TPR Register Bits
Bit Name Reset RW Description
31:4 RSVD 0x0 RO RESERVED.
Bit mask to enable tracing on ITM stimulus ports. bit[0] = stimulus ports[7:0],
3:0 PRIVMASK 0x0 RW bit[1] = stimulus ports[15:8], bit[2] = stimulus ports[23:16], bit[3] = stimulus

ports[31:24].

3.8.2.35 TCR Register

Trace Control Register.

OFFSET: 0xEOOOOE80

INSTANCE 0 ADDRESS: 0xEOOOOES80
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Trace Control Register.

Table 101: TCR Register

3 212|222 2 2 1{1{1{1{1{1{1{1{1{1{0{0|0|0|0 000
110 8|7|6|5|4|3]|2 0 9/8|7|6|5/{4|3|2{1/0|9|8|7|6|5|4|3]|2 0
L w | w (W
g | 2 AEIEIEIE
> | 8 < | < <Z( 2 <
RSVD 9 ATB_ID RSVD & W RSVD |& (& | |2 |3
o0 » x S %) ol
=g SR
2 » 85| |
Table 102: TCR Register Bits
Bit Name Reset RW Description
31:24 RSVD 0x0 RO RESERVED.
23 BUSY 0x0 RW Set when ITM events present and being drained.
22:16 ATB_ID 0x0 RW ATB ID for CoreSight system.
15:12 RSVD 0x0 RO RESERVED.
11:10 TS_FREQ 0x0 RW Global Timestamp Frequency.
Timestamp prescaler: 0b00 = no prescaling 0b01 = divide by 4 0b10 =
9:8 TS_PRESCALE 0x0 RW | divide by 16 Ob11 = divide by 64.
7:5 RSVD 0x0 Ro | RESERVED.
Enable SWV (Serial Wire Viewer) behavior - count on TPIUEMIT and TPIU-
4 SWV ENABLE 0x0 RW BAUD: Aka SWOENA Enables asynchronous clocking of the timestamp
- counter.
3 DWT ENABLE 0x0 RW Enables the DWT stimulus.
2 SYNC_ENABLE 0x0 RW Enables sync packets for TPIU.
Enables differential timestamps. Differential timestamps are emitted when a
packet is written to the FIFO with a non-zero timestamp counter, and when
1 TS ENABLE 0x0 RW the t|me§tamp counter overflows. T'|mesta'mps arg emitted during idle times
- after a fixed number of cycles. This provides a time reference for packets
and inter-packet gaps.
Enable ITM. This is the master enable, and must be set before ITM Stimulus
0 ITM_ENABLE 0x0 RW | and Trace Enable registers can be written.
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3.8.2.36 LOCKAREG Register
Lock Access Register
OFFSET: 0xEOOO0OFBO
INSTANCE 0 ADDRESS: 0xEOOOOFBO

Lock Access Register

Table 103: LOCKAREG Register

3|13|2(2|2|2]|2 2/ 2/2{1{1{1{1{1{1{1{1{1{1,0]0|0 0/0/0|0|0|O
110(9|8|7|6|5 2(1|0(9|8|7|6|5(4|3([2|1(0]|9|8)|7 5(4(3(2|1]0
LOCKAREG
Table 104: LOCKAREG Register Bits
Bit Name Reset RW Description
Key register value.
31:0 LOCKAREG 0x0 RW
Key = OXC5ACCES5S - Key

3.8.2.37 LOCKSREG Register

Lock Status Register
OFFSET: 0xEOOOOFB4
INSTANCE 0 ADDRESS: 0xEO0O0OOFB4
Lock Status Register

Table 105: LOCKSREG Register

3(3|2 222 2(2|2(2|1{1|1|1(1|1(1]|1{1|1]0(0]|0 o(o|0fo0 0
1109 7/6|5 3(2|1(0 5|4 1 98 |7 5(4(3(2|1/0
Q =
0 |R|Z
RSVD N Yo
(0|
o |<|a
Table 106: LOCKSREG Register Bits
Bit Name Reset RW Description
31:3 RSVD 0x0 Ro | RESERVED.
2 BYTEACC 0x0 RO You cannot implement 8-bit lock accesses.
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Table 106: LOCKSREG Register Bits

Bit Name Reset RW Description
Write access to component is blocked. All writes are ignored, reads are per-
1 ACCESS 0x0 RO | mitted.
0 PRESENT oxA RO Indicates that a lock mechanism exists for this component.

3.8.2.38 PID4 Register
Peripheral Identification Register 4
OFFSET: 0xEOOOOFDO

INSTANCE 0 ADDRESS: 0xEOOOOFDO

Peripheral Identification Register 4

Table 107: PID4 Register

21

1

1

1
6

1

-

1

1

-
o
o
o
o
o
o
o
o
o
o

PID4

Table 108: PID4 Register Bits

Bit Name Reset RW Description
31:0 PID4 Ox4 RO Peripheral Identification 4.
3.8.2.39 PID5 Register
Peripheral Identification Register 5
OFFSET: 0xEOOOOFD4
INSTANCE 0 ADDRESS: 0xEO000FD4
Peripheral Identification Register 5
Table 109: PID5 Register
3 2|22 2|2 2|1 (1 (1|11 [1]1]1 1/0(0|0|0f0|0|O0fO 0
10 8|76 3|2(1(0 4 9|8|(7|6|5[4(3[|2[1]|0
PID5
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Table 110: PID5 Register Bits

Bit

Name

Reset

RW

Description

31:0

PID5

0x0

RO Peripheral Identification 5.

3.8.2.40 PID6 Register
Peripheral Identification Register 6
OFFSET: 0xEO000FD8

INSTANCE 0 ADDRESS: 0xEOOOOFD8

Peripheral Identification Register 6

Table 111: PID6 Register

3(2|12(2)|2 22 2(1|1(1|1{1(1;1(1|1(1|j0(0|0|0f(0|O0O(O0|O0O[O0]|O
110 8(7|6 3(2|1/(0|9|8|7,6(5|{4(3|2({1|/0/9(8|7(6|5[4|3|2|1]|0
PID6
Table 112: PID6 Register Bits
Bit Name Reset RW Description
31:0 PID6 0x0 RO Peripheral Identification 6.

3.8.2.41 PID7 Register
Peripheral Identification Register 7
OFFSET: 0xEOOOOFDC

INSTANCE 0 ADDRESS: 0xEO00OFDC

Peripheral Identification Register 7

Table 113: PID7 Register
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Table 114: PID7 Register Bits

Bit

Name

Reset

RW

Description

31:0

PID7

0x0

RO Peripheral Identification 7.

3.8.2.42 PIDO Register
Peripheral Identification Register 0
OFFSET: 0xEOOOOFEO

INSTANCE 0 ADDRESS: 0xEOOOOFEO

Peripheral Identification Register 0

Table 115: PIDO Register

3(2|12(2)|2 22 2(1|1(1|1{1(1;1(1|1(1|j0(0|0|0f(0|O0O(O0|O0O[O0]|O
110 8(7|6 3(2|1/(0|9|8|7,6(5|{4(3|2({1|/0/9(8|7(6|5[4|3|2|1]|0
PIDO
Table 116: PID0 Register Bits
Bit Name Reset RW Description
31:0 PIDO oxA RO Peripheral Identification 0.

3.8.2.43 PID1 Register
Peripheral Identification Register 1
OFFSET: 0xEOOOOFE4

INSTANCE 0 ADDRESS: 0xEOOOOFE4

Peripheral Identification Register 1

Table 117: PID1 Register
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Table 118: PID1 Register Bits

Bit

Name

Reset

RW

Description

31:0

PID1

0xb0

RO Peripheral Identification 1.

3.8.2.44 PID2 Register
Peripheral Identification Register 2
OFFSET: 0xEOOOOFES8

INSTANCE 0 ADDRESS: 0xEOOOOFES8

Peripheral Identification Register 2

Table 119: PID2 Register

3(2|12(2)|2 22 2(1|1(1|1{1(1;1(1|1(1|j0(0|0|0f(0|O0O(O0|O0O[O0]|O
110 8(7|6 3(2|1/(0|9|8|7,6(5|{4(3|2({1|/0/9(8|7(6|5[4|3|2|1]|0
PID2
Table 120: PID2 Register Bits
Bit Name Reset RW Description
31:0 PID2 0x3b RO Peripheral Identification 2.

3.8.2.45 PID3 Register
Peripheral Identification Register 3
OFFSET: 0xEOOOOFEC

INSTANCE 0 ADDRESS: 0xEOOOOFEC

Peripheral Identification Register 3

Table 121: PID3 Register
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Table 122: PID3 Register Bits

Bit Name Reset RW Description

31:0 PID3 0x0 RO Peripheral Identification 3.
3.8.2.46 CIDO Register
Component Identification Register 1
OFFSET: 0xEOOOOFFO
INSTANCE 0 ADDRESS: OXEOOO0OFFO
Component Identification Register 1

Table 123: CIDO Register
3/2(2(2(2(2(2|2]|2 2(1(1[(1|{1][1|[1][1][1]|1]|1]/0]|0|0|0|0|0|0]O (]

Table 124: CID0 Register Bits

Bit Name Reset RW

Description

31:0 CIDO Oxd RO

Component Identification 1.

3.8.2.47 CID1 Register
Component Identification Register 1
OFFSET: 0xEOOOOFF4

INSTANCE 0 ADDRESS: OxEOOOOFF4

Component Identification Register 1

Table 125: CID1 Register

3|3|2(|2|2|2|2|2|2]|2 2(1|1(1|1{1(1;1(1|1(1|j0({0|j0|0(0|0O(O0|O0OO0]|O
110/9/8|7|6|5(4|3(2|1/0|9,8(7|6(5|4([3|2|1|(0|9(8|7(6|5[4|3|2(1]|0
CID1
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Table 126: CID1 Register Bits

Bit Name Reset RW Description

31:0 cID1 0xe0 RO Component Identification 1.
3.8.2.48 CID2 Register
Component Identification Register 2
OFFSET: 0xEOOOOFF8
INSTANCE 0 ADDRESS: OXEOOOOFF8
Component Identification Register 2

Table 127: CID2 Register
3/2(2(2(2(2(2|2]|2 2(1(1[(1|{1][1|[1][1][1]|1]|1]/0]|0|0|0|0|0|0]O (]

Table 128: CID2 Register Bits

Bit Name Reset RW

Description

31:0 CID2 0x5 RO

Component Identification 2.

3.8.2.49 CID3 Register
Component Identification Register 3
OFFSET: 0xEOOOOFFC

INSTANCE 0 ADDRESS: OxEOOOOFFC

Component Identification Register 3

Table 129: CID3 Register

3|3|2(|2|2|2|2|2|2]|2 2(1|1(1|1{1(1;1(1|1(1|j0({0|j0|0(0|0O(O0|O0OO0]|O
110/9/8|7|6|5(4|3(2|1/0|9,8(7|6(5|4([3|2|1|(0|9(8|7(6|5[4|3|2(1]|0
CID3
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Table 130: CID3 Register Bits

Bit Name Reset RW Description
31:0 cID3 Oxb1 RO Component Identification 3.
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3.9 MCUCTRL Registers

MCU Miscellaneous Control Logic
INSTANCE 0 BASE ADDRESS:0x40020000
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3.9.1 Register Memory Map

Table 131: MCUCTRL Register Map

Address(s) Register Name Description
0x40020000 CHIPPN Chip Information Register
0x40020004 CHIPIDO Unique ChipID 0

0x40020008 CHIPID1 Unique Chip ID 1

0x4002000C | CHIPREV Chip Revision

0x40020010 VENDORID Unique Vendor ID

0x40020014 SKU Unique Chip SKU

0x40020018 FEATUREENABLE Feature Enable on Burst and BLE
0x40020020 DEBUGGER Debugger Control

0x40020104 ADCPWRDLY ADC Power Up Delay Control
0x4002010C ADCCAL ADC Calibration Control

0x40020110 ADCBATTLOAD ADC Battery Load Enable
0x40020118 ADCTRIM ADC Trims

0x4002011C ADCREFCOMP ADC Referece Keeper and Comparator Control
0x40020120 XTALCTRL XTAL Oscillator Control

0x40020124 XTALGENCTRL XTAL Oscillator General Control
0x40020198 MISCCTRL Miscellaneous control register.
0x400201A0 BOOTLOADER Bootloader and secure boot functions

Register to indicate whether the shadow regis-
0x400201A4 SHADOWVALID ters have been successfully loaded from the
Flash Information Space.

0x400201B0 SCRATCHO Scratch register that is not reset by any reset

0x400201B4 SCRATCH1 Scratch register that is not reset by any reset

ICODE bus address which was present when a

0x400201CO0 ICODEFAULTADDR
bus fault occurred.

DCODE bus address which was present when a

0x400201C4 DCODEFAULTADDR
bus fault occurred.

System bus address which was present when a

0x400201C8 SYSFAULTADDR
bus fault occurred.

Reflects the status of the bus decoders' fault

0x400201CC FAULTSTATUS detection. Any write to this register will clear all
of the status bits within the register.

0x400201D0 FAULTCAPTUREEN Enable the fault capture registers

0x40020200 DBGR1 Read-only debug register 1

0x40020204 DBGR2 Read-only debug register 2

0x40020220 PMUENABLE Control bit to enable/disable the PMU
TPIU Control Register. Determines the clock

0x40020250 TPIUCTRL enable and frequency for the M4's TPIU inter-
face.

OTA (Over the Air) Update Pointer/Status.

0x40020264 OTAPOINTER Reset only by POA
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Table 131: MCUCTRL Register Map

Address(s) Register Name Description
0x40020284 SRAMMODE SRAM Controller mode bits
0x40020358 SIMOBUCK3 SIMO Buck Control Reg3
0x4002035C SIMOBUCK4 SIMO Buck Control Reg1
0x40020368 BLEBUCK2 BLEBUCK?2 Control Reg
0x400203A0 FLASHWPROTO Flash Write Protection Bits
0x400203A4 FLASHWPROT1 Flash Write Protection Bits
0x400203B0 FLASHRPROTO Flash Read Protection Bits
0x400203B4 FLASHRPROT1 Flash Read Protection Bits
0x400203C0 DMASRAMWRITEPROTECTO SRAM write-protection bits.
0x400203C4 DMASRAMWRITEPROTECT1 SRAM write-protection bits.
0x400203D0 DMASRAMREADPROTECTO SRAM read-protection bits.
0x400203D4 DMASRAMREADPROTECT1 SRAM read-protection bits.
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3.9.2 MCUCTRL Registers

3.9.2.1 CHIPPN Register
Chip Information Register

OFFSET: 0x00000000
INSTANCE 0 ADDRESS: 0x40020000

Chip Information Register

Table 132: CHIPPN Register

2|1

-
o
o
o
o
o
o
o
o
o
o

111111111
6|/5/4(3(2(1,0({9|8|7(6(5[4/3|2|1]|0

PARTNUM

Table 133: CHIPPN Register Bits

Bit

Name

Reset

RW

Description

31:0

PARTNUM

0x4000000

RO

BCD part number.

APOLLO3 = 0x6000000 - Apollo3 part number is 0X0BXXXXXX.
APOLLO2 = 0x3000000 - Apollo2 part number is 0X03xXXXXX.
APOLLO = 0x1000000 - Apollo part number is 0X01XXXXXX.
PN_M = 0xFF000000 - Mask for the part number field.

PN_S = 0x18 - Bit position for the part number field.
FLASHSIZE_M = 0xF00000 - Mask for the FLASH_SIZE field.
FLASHSIZE_S = 0x14 - Bit position for the FLASH_SIZE field.
SRAMSIZE_M = 0xF0000 - Mask for the SRAM_SIZE field.
SRAMSIZE_S = 0x10 - Bit position for the SRAM_SIZE field.
REV_M = O0xFFO00 - Mask for the revision field. Bits [15:12] are major rev,
[11:8] are minor rev.

REV_S = 0x8 - Bit position for the revision field.

PKG_M = 0xCO - Mask for the package field.

PKG_S = 0x6 - Bit position for the package field.

PINS_M = 0x38 - Mask for the pins field.

PINS_S = 0x3 - Bit position for the pins field.

TEMP_M = 0x6 - Mask for the temperature field.

TEMP_S = 0x1 - Bit position for the temperature field.
QUAL_M = 0x1 - Mask for the qualified field.

QUAL_S = 0x0 - Bit position for the qualified field.

3.9.2.2 CHIPIDO Register
Unique Chip ID 0

OFFSET: 0x00000004
INSTANCE 0 ADDRESS: 0x40020004
Unique ChipID 0
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Table 134: CHIPIDO Register

3(3|2(2|2|2|2|2(2|2(2|2{1|1(1|1|1(1]|1[1]1
1,0/9|8(7(6(5/4/3|2|1/0(9(8|7|6|5|4|3(2(1/0|9|8|7|6|5[4/3|2|1]|0

-
o
o
o
o
o
o
o
o
o
o

CHIPIDO

Table 135: CHIPIDO Register Bits

Bit Name Reset RW Description

Unique chip ID 0.
31:0 CHIPIDO 0x0 RO

APOLLO3 = 0x0 - Apollo3 CHIPIDO.

3.9.2.3 CHIPID1 Register
Unique Chip ID 1

OFFSET: 0x00000008

INSTANCE 0 ADDRESS: 0x40020008
Unique Chip ID 1

Table 136: CHIPID1 Register

3(2|2(2|2|2|2|2(2|2({2|1{1|1|1(1]|1(1]1]1
10/9/8/7(6/5(4|3({2|1/0|9,8(7|6(5|4(3|2|1|(0,9(8|7(6|5[4|3 2|10

-
o
o
o
o
o
o
o
o
o

CHIPID1

Table 137: CHIPID1 Register Bits

Bit Name Reset RW Description

Unique chip ID 1.
31:0 CHIPID1 0x0 RO

APOLLO3 = 0x0 - Apollo3 CHIPID1.

3.9.2.4 CHIPREV Register

Chip Revision

OFFSET: 0x0000000C

INSTANCE 0 ADDRESS: 0x4002000C
Chip Revision
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Table 138: CHIPREV Register

3(3|2(2|2[2]|2 2(2|2(2|1|{1|1}1(1|1(1|1{1|1|,0(0|0(0|O0[O0|O0O|0|0|O
110(9|8|7|6|5 3(2|1(0 4.3(2|1(0|9(8|7|6|5|4(3|2[1]|0
RSVD SIPART REVMAJ REVMIN
Table 139: CHIPREV Register Bits
Bit Name Reset RW Description
31:20 RSVD 0x0 RO RESERVED.
19:8 SIPART 0x0 RO Silicon Part ID
Major Revision ID.
4 REVMAJ 0x0 RO | 5 = 0x2 - Apolio3 revision B
A= 0x1 - Apollo3 revision A
Minor Revision ID.
3:0 REVMIN 0x1 RO | REV1 =0x2 - Apollo3 minor rev 1.
REVO = 0x1 - Apollo3 minor rev 0. Minor revision value, succeeding minor
revisions will increment from this value.

3.9.2.5 VENDORID Register
Unique Vendor ID

OFFSET: 0x00000010
INSTANCE 0 ADDRESS: 0x40020010
Unique Vendor ID

Table 140: VENDORID Register

3(3|2(2|2[2]|2 2(2|2(2|1|{1(1}1(1|1(1|1{1|1,0(0|0(0|0[0|O0|0|0|O
110(9|8|7|6|5 3(2|1(0 6(5/4(3|2(1|/0,9(8|7(6|5[4|3|2|1|0
VENDORID
Table 141: VENDORID Register Bits

Bit Name Reset RW Description

Unique Vendor ID
31:0 VENDORID 0x0 RO

AMBIQ = 0x414D4251 - Ambiq Vendor ID 'AMBQ
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3.9.2.6 SKU Register

Unique Chip SKU

OFFSET: 0x00000014
INSTANCE 0 ADDRESS: 0x40020014
Unique Chip SKU

Table 142: SKU Register

3(3(2(2(|2|2]|2 2(2|2(2|1(1|1|1(1]|1([1]1 1/,0(ofofofo0ofO0fOfOfOfO
1/0(9(8(7(6|5 32|10 4 9876|543 |2|1]|0
w
ola |2
o]
RSVD als|0
019 |4
wig|<
ni<g
Table 143: SKU Register Bits
Bit Name Reset RW Description
31:3 RSVD 0x0 RO RESERVED.
2 SECBOOT 0x0 RO Secure boot feature allowed
1 ALLOWBLE 0x0 RO Allow BLE feature
0 ALLOWBURST 0x0 RO Allow Burst feature
3.9.2.7 FEATUREENABLE Register
Feature Enable on Burst and BLE
OFFSET: 0x00000018
INSTANCE 0 ADDRESS: 0x40020018
Feature Enable on Burst and BLE
Table 144: FEATUREENABLE Register
3|3|2(|2|2|2]|2 2(2(2(2{1|1|1|{1]1]1]1]1 1/0(0(0f0 0|0 0
1/0(9(8(7(6|5 3/12(1{0(9]|8 6 413]|2 0(9|8(7|6|5|4|3 (2|10
= |x|g _,
:>,:( SlElalZ|S5|8
RSVD AR
AL =R
38| |®
DS-A3-1p2p0 Page 136 of 946 ©2022 Ambiq Micro, Inc.

All rights reserved.



Apollo3 Blue SoC Datasheet

Table 145: FEATUREENABLE Register Bits

Bit Name Reset RW Description
317 RSVD 0x0 Ro | RESERVED.
Availability of Burst functionality
6 BURSTAVAIL 0x0 RO AVAIL = 0x1 - Burst functionality available
NOTAVAIL = 0x0 - Burst functionality not available
5 BURSTACK 0x0 RO ACK for BURSTREQ
Controls the Burst functionality
4 BURSTREQ 0x0 RW EN = 0x1 - Enable the Burst functionality
DIS = 0x0 - Disable the Burst functionality
3 RSVD 0x0 Ro | RESERVED.
AVAILABILITY of the BLE functionality
2 BLEAVAIL 0x0 RO AVAIL = 0x1 - BLE functionality available
NOTAVAIL = 0x0 - BLE functionality not available
1 BLEACK 0x0 RO ACK for BLEREQ
Controls the BLE functionality
0 BLEREQ Ox1 RW EN = 0x1 - Enable the BLE functionality
DIS = 0x0 - Disable the BLE functionality

3.9.2.8 DEBUGGER Register
Debugger Control

OFFSET: 0x00000020

INSTANCE 0 ADDRESS: 0x40020020
Debugger Control

Table 146: DEBUGGER Register

1

111111

-

1111

-
o
o
o
o

o o
O
w o
N ©
-

o o

RSVD

LOCKOUT
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Table 147: DEBUGGER Register Bits

Bit Name Reset RW Description

31:1 RSVD 0x0 RO | RESERVED

0 LOCKOUT 0x0 RW Lockout of debugger (SWD).

3.9.2.9 ADCPWRDLY Register
ADC Power Up Delay Control
OFFSET: 0x00000104

INSTANCE 0 ADDRESS: 0x40020104
ADC Power Up Delay Control

Table 148: ADCPWRDLY Register

3(2|2(2|2|2(2,2(2|2(2|1({1|1|1(1|1(1|1{1|1|]0(0|0f(0|O0[0|O0|0|0|O0
110/9/8/7(6/5(4|3(2|1/0|9,8(7|6(5|4(3|2|1|(0,9(8|7(6|5[4|3 2|10

RSVD ADCPWR1 ADCPWRO

Table 149: ADCPWRDLY Register Bits

Bit Name Reset RW Description

31:16 RSVD 0x0 Ro | RESERVED.

ADC Reference Keeper enable delay in 16 ADC CLK increments for ADC_-
15:8 ADCPWRA1 0x0 RW | CLKSEL = 0x1, 8 ADC CLOCK increments for ADC_CLKSEL = 0x2.

ADC Reference Buffer Power Enable delay in 64 ADC CLK increments for
7:0 ADCPWRO 0x0 RW | ADC_CLKSEL = 0x1, 32 ADC CLOCK increments for ADC_CLKSEL = 0x2.

3.9.2.10 ADCCAL Register

ADC Calibration Control

OFFSET: 0x0000010C

INSTANCE 0 ADDRESS: 0x4002010C
ADC Calibration Control
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Table 150: ADCCAL Register

3(3|2(2|2|2|2)|2 2(2|2(1|1(1|1}1(1|1(1|1(1|0|0/0|O0(0|O0Of(O0O|O0 0|0
110(9(8|7|6|5(4 2(1|0 4 1 9(8|7(6|5|4|3)|2 0
]
M3
< |
ri=
RSVD 2z
g |0
S ]
8 <
2 O
Table 151: ADCCAL Register Bits
Bit Name Reset RW Description
31:2 RSVD 0x0 RO RESERVED.
Status for ADC Calibration
ADCCALI-
1 BRATED 0x0 RO FALSE = 0x0 - ADC is not calibrated
TRUE = 0x1 - ADC is calibrated
Run ADC Calibration on initial power up sequence
0 CALONPWRUP Ox1 RW DIS = 0x0 - Disable automatic calibration on initial power up
EN = 0x1 - Enable automatic calibration on initial power up

3.9.2.11 ADCBATTLOAD Register

ADC Battery Load Enable

OFFSET: 0x00000110
INSTANCE 0 ADDRESS: 0x40020110

ADC Battery Load Enable

Table 152: ADCBATTLOAD Register

3(3|2(2|2|2|2|2(2|2(2|2{1|1|1|1|1(1|1(1|1[{1|]0|0(0|O0Of0|O0O(O0|O0 0|0
110/9(8|7(6|5(4|3[2|1|0 4 1 9(8|7(6|5[4|32(1|0
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Table 153: ADCBATTLOAD Register Bits

Bit Name Reset RW Description
31:1 RSVD 0x0 RO RESERVED.
Enable the ADC battery load resistor
0 BATTLOAD 0x0 RW DIS = 0x0 - Battery load is disconnected
EN = 0x1 - Battery load is enabled

3.9.2.12 ADCTRIM Register
ADC Trims

OFFSET: 0x00000118
INSTANCE 0 ADDRESS: 0x40020118

ADC Trims
Table 154: ADCTRIM Register
3 2|12 (2|2 2(2|2{1|1{1(1|1(1]|1({1]|1]1|0]0 0(0|0 0
110 8(7|6|5 2(1|0 4 1 9|8 4/3(2(1(0
=
= = x
= = i
e} L o
T ] L
RSVD ) m RSVD i}
m w X
TH L T
[vd o T}
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< < e
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Table 155: ADCTRIM Register Bits
Bit Name Reset RW Description
31:13 RSVD 0x0 RO RESERVED.
1211 ADCRFBUFIB- 0x0 RW ADC reference buffer input bias trim
TRIM
106 ADCREFBUF- 0x8 RW ADC Reference buffer trim
TRIM
5:2 RSVD 0x0 RO RESERVED.
. ADCREFKEEP- ADC Reference Ibias trim
1:0 IBTRIM 0x0 RW
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3.9.2.13 ADCREFCOMP Register

ADC Referece Keeper and Comparator Control

OFFSET: 0x0000011C

INSTANCE 0 ADDRESS: 0x4002011C

ADC Referece Keeper and Comparator Control

Table 156: ADCREFCOMP Register

33 2(2|2(2 2 111(1(1{1(1{1(1|j1(1|0;0(0|0f(0|0O(O0|O0O[O0]|0O
110 8(7|6|5 2 6 4 110(9(8|7(6|5(4|3|2|1]|0
'_
= >
z = o
o o o
= | =
RSVD O | RSVD W RSVD S
Y L [T
) w i
2 &S %
< a Q
< <
Table 157: ADCREFCOMP Register Bits
Bit Name Reset RW Description
31:17 RSVD 0x0 RO RESERVED
16 ADCRFCMPEN 0x0 RW ADC Reference comparator power down
15:13 RSVD 0x0 Ro | RESERVED
12:8 ADCREFKEEP- 0x0 RW ADC Reference Keeper Trim
TRIM
7:1 RSVD 0x0 RO RESERVED
0 ADC_REFCOM- 0x0 RO Output of the ADC reference comparator
P_OUT
3.9.2.14 XTALCTRL Register
XTAL Oscillator Control
OFFSET: 0x00000120
INSTANCE 0 ADDRESS: 0x40020120
XTAL Oscillator Control
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Table 158: XTALCTRL Register
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Table 159: XTALCTRL Register Bits
Bit Name Reset RW Description
31:10 RSVD 0x0 RO RESERVED.
. XTALI- XTAL ICOMP trim
9:8 COMPTRIM Oxt RW
7:6 | XTALIBUFTRIM 0x1 Rw | XTALIBUFF trim
XTAL Power down on brown out.
5 PWDBODXTAL 0x0 RW PWRUPBOD = 0x0 - Power up xtal on BOD
PWRDNBOD = 0x1 - Power down XTAL on BOD.
XTAL Oscillator Power Down Comparator.
4 PDNBCMPRX- 0x1 RW
TAL PWRUPCOMP = 0x1 - Power up XTAL oscillator comparator.
PWRDNCOMP = 0x0 - Power down XTAL oscillator comparator.
XTAL Oscillator Power Down Core.
PDNBCOREX-
3 TAL 0x1 RW PWRUPCORE = 0x1 - Power up XTAL oscillator core.
PWRDNCORE = 0x0 - Power down XTAL oscillator core.
XTAL Oscillator Bypass Comparator.
2 BYPCMPRXTAL 0x0 RW USECOMP = 0x0 - Use the XTAL oscillator comparator.
BYPCOMP = 0x1 - Bypass the XTAL oscillator comparator.
XTAL Oscillator Disable Feedback.
FDBKDSBLX-
1 TAL 0x0 RW EN = 0x0 - Enable XTAL oscillator comparator.
DIS = 0x1 - Disable XTAL oscillator comparator.
XTAL Software Override Enable.
0 XTALSWE 0x0 RW OVERRIDE_DIS = 0x0 - XTAL Software Override Disable.
OVERRIDE_EN = 0x1 - XTAL Software Override Enable.

3.9.2.15 XTALGENCTRL Register
XTAL Oscillator General Control
OFFSET: 0x00000124

DS-A3-1p2p0

Page 142 of 946 ©2022 Ambiq Micro, Inc.

All rights reserved.



Apollo3 Blue SoC Datasheet

INSTANCE 0 ADDRESS: 0x40020124
XTAL Oscillator General Control

Table 160: XTALGENCTRL Register

RSVD

XTALKSBIASTRIM
XTALBIASTRIM
ACWARMUP

Table 161: XTALGENCTRL Register Bits

Bit Name Reset RW Description
31:14 RSVD 0x0 RO RESERVED.
. XTALKSBIAS- XTAL IBIAS Kick start trim. This trim value is used during the startup pro-
13:8 TRIM 0x1 RW | cess to enable a faster lock.

7:2 | XTALBIASTRIM 0x0 Rw | XTAL BIAS trim

Auto-calibration delay control

SEC1 = 0x0 - Warmup period of 1-2 seconds
SEC2 = 0x1 - Warmup period of 2-4 seconds
SEC4 = 0x2 - Warmup period of 4-8 seconds
SECS8 = 0x3 - Warmup period of 8-16 seconds

1:0 ACWARMUP 0x0 RW

3.9.2.16 MISCCTRL Register
Miscellaneous control register.
OFFSET: 0x00000198

INSTANCE 0 ADDRESS: 0x40020198

Miscellaneous control register.
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Table 162: MISCCTRL Register

313|2 21222 22 (2111|111 ]1]1 1/0(0 0/0/0|{0|0|0O
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Table 163: MISCCTRL Register Bits
Bit Name Reset RW Description
31:6 RSVD 0x0 Ro | RESERVED.
5 BLE_RESETN 0x0 Rw | BLE resetsignal.
Reserved bits, always leave unchanged. The MISCCTRL register must be
. RESERVED_R- modified via atomic RMW, leaving this bitfield completely unmodified. Fail-
4:0 0x0 RW . . . )
W_0 ure to do so will result in unpredictable behavior.

3.9.2.17 BOOTLOADER Register

Bootloader and secure boot functions
OFFSET: 0x000001A0
INSTANCE 0 ADDRESS: 0x400201A0

Bootloader and secure boot functions

Table 164: BOOTLOADER Register
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Table 165: BOOTLOADER Register Bits

Bit Name Reset RW Description
Indicates whether the secure boot on warm reset is enabled
SEC- .

31:30 BOOTONRST 0x0 RO | DISABLED = 0x0 - Secure boot disabled
ENABLED = 0x1 - Secure boot enabled
ERROR = 0x2 - Error in secure boot configuration
Indicates whether the secure boot on cold reset is enabled

29:28 SECBOOT 0x0 RO | DISABLED = 0x0 - Secure boot disabled
ENABLED = 0x1 - Secure boot enabled
ERROR = 0x2 - Error in secure boot configuration
Indicates whether the secure boot feature is enabled.

27:26 SEC?%&EFEA' 0x0 RO | DISABLED = 0x0 - Secure boot disabled
ENABLED = 0x1 - Secure boot enabled
ERROR = 0x2 - Error in secure boot configuration

25:3 RSVD 0x0 ro | RESERVED.
Flash protection lock. Always resets to 1, write 1 to clear. Enables writes to

2 PROTLOCK oxA RW flash protection register set.
LOCK = 0x1 - Enable the secure boot lock
Secure boot lock. Always resets to 1, write 1 to clear. Enables system visi-
1 SBLOCK ox RW bility to bootloader until set.
LOCK = 0x1 - Enable the secure boot lock
Determines whether the bootloader code is visible at address 0x00000000
BOOTLOADER- or not. Resets to 1, write 1 to clear.
0 LOW 0x1 RW

ADDRO = 0x1 - Bootloader code at 0x00000000.

3.9.2.18 SHADOWVALID Register

Register to indicate whether the shadow registers have been successfully loaded from the Flash
Information Space.

OFFSET: 0x000001A4

INSTANCE 0 ADDRESS: 0x400201A4

Register to indicate whether the shadow registers have been successfully loaded from the Flash
Information Space.

DS-A3-1p2p0

Page 145 of 946 ©2022 Ambiq Micro, Inc.

All rights reserved.



Apollo3 Blue SoC Datasheet

Table 166: SHADOWVALID Register
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Table 167: SHADOWVALID Register Bits
Bit Name Reset RW Description
31:3 RSVD 0x0 RO RESERVED.
Indicates whether infoO contains valid data
2 INFOO_VALID 0x1 RO
VALID = 0x1 - Flash infoO (customer) space contains valid data.
Indicates whether the bootloader should sleep or deep sleep if no image
loaded.
1 BLDSLEEP 0x1 RO
DEEPSLEEP = 0x1 - Bootloader will go to deep sleep if no flash image
loaded
Indicates whether the shadow registers contain valid data from the Flash
0 VALID ox1 RO Information Space.

VALID = 0x1 - Flash information space contains valid data.

3.9.2.19 SCRATCHO Register

Scratch register that is not reset by any reset
OFFSET: 0x000001B0
INSTANCE 0 ADDRESS: 0x400201B0

Scratch register that is not reset by any reset

Table 168: SCRATCHO Register

3(3|2(2|2[2]|2 2|2 2(1|1(1|1{1(1;1(1|1(1|j0(0|0|0(0|O0O(O0|O0O 0|0

110(9|8|7|6|5 3|2 0(9|/8(7|6|5|4,3(2|1(0|9(8|7|6|5|4(3|2[1]|0
SCRATCHO
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Table 169: SCRATCHO Register Bits

Bit Name Reset RW Description

31:0 | SCRATCHO 0x0 Ry | Serateh register 0.

3.9.2.20 SCRATCH1 Register

Scratch register that is not reset by any reset
OFFSET: 0x000001B4

INSTANCE 0 ADDRESS: 0x400201B4

Scratch register that is not reset by any reset

Table 170: SCRATCH1 Register

3|12(2(2(2|2|2|2|2|2(2(1|1|1]|1]|1]|1 0
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o
o
o
o
o
o
o
o

SCRATCH1

Table 171: SCRATCH1 Register Bits

Bit Name Reset RW Description

31:0 SCRATCH1 0x0 Ry | Scratch register 1.

3.9.2.21 ICODEFAULTADDR Register

ICODE bus address which was present when a bus fault occurred.
OFFSET: 0x000001C0O

INSTANCE 0 ADDRESS: 0x400201C0

ICODE bus address which was present when a bus fault occurred.

Table 172: ICODEFAULTADDR Register

3(3|2(2|2|2|2|2(2|2(2|2(1|1{1(1|1(1]1({1]1]1
10/9/8/7|(6/5(4|3(2|1/0|9,8(7|6(5|4(3|2|1|(0,9(8|7(6|5[4|32|1]|0

o
o
o
o
o
o
o
o
o
o

ICODEFAULTADDR
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Table 173: ICODEFAULTADDR Register Bits

Bit Name Reset RW Description
The ICODE bus address observed when a Bus Fault occurred. Once an
31:0 ICODE- 0x0 RO address is captured in this field, it is held until the corresponding Fault
' FAULTADDR Observed bit is cleared in the FAULTSTATUS register.

3.9.2.22 DCODEFAULTADDR Register

DCODE bus address which was present when a bus fault occurred.
OFFSET: 0x000001C4

INSTANCE 0 ADDRESS: 0x400201C4

DCODE bus address which was present when a bus fault occurred.

Table 174: DCODEFAULTADDR Register

3(2|2(2|2|2(2,2(2|2(2|1({1|1|1(1|1(1|1{1|1|]0(0|0f(0|O0[0|O0|0|0|O0
110/9/8/7(6/5(4|3({2|1/0|9,8(7|6(5|4(3|2|1|(0,9(8|7(6|5[4|3 2|10

DCODEFAULTADDR

Table 175: DCODEFAULTADDR Register Bits

Bit Name Reset RW Description
The DCODE bus address observed when a Bus Fault occurred. Once an
31:0 DCODE- 0x0 RO address is captured in this field, it is held until the corresponding Fault
' FAULTADDR Observed bit is cleared in the FAULTSTATUS register.

3.9.2.23 SYSFAULTADDR Register

System bus address which was present when a bus fault occurred.
OFFSET: 0x000001C8

INSTANCE 0 ADDRESS: 0x400201C8

System bus address which was present when a bus fault occurred.

Table 176: SYSFAULTADDR Register

3(3|2(2|2|2|2|2(2|2(2|2{1|1}1|1;1(1|1(1|1{1|]0{0|0|O0(0|O0O(O0|O0 0|0
1,0/9|8(7(6(5/4/3|2|1/0(9(8|7|6|5|4|3(2(1/0|9|8|7|6|5[4/3|2|1]|0

SYSFAULTADDR
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Table 177: SYSFAULTADDR Register Bits

Bit Name Reset RW Description
SYS bus address observed when a Bus Fault occurred. Once an address is
31:0 SYS- 0x0 RO captured in this field, it is held until the corresponding Fault Observed bit is
' FAULTADDR cleared in the FAULTSTATUS register.

3.9.2.24 FAULTSTATUS Register

Reflects the status of the bus decoders’ fault detection. Any write to this register will clear all of the
status bits within the register.

OFFSET: 0x000001CC

INSTANCE 0 ADDRESS: 0x400201CC

Reflects the status of the bus decoders' fault detection. Any write to this register will clear all of the status
bits within the register.

Table 178: FAULTSTATUS Register

3 2|2(2|2|2|2)|2 1/1|1({1|1(1|1{1|j1(1|0(0|0(0|0|O0|0|O0|0]|O
10 8|7(6|5(4|3|2]|1 9|/8(7|6|(5/4(3|2|1(0|9(8|7(6|5|4|3|2|1]|0
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Table 179: FAULTSTATUS Register Bits
Bit Name Reset RW Description
31:3 RSVD 0x0 RO RESERVED.
SYS Bus Decoder Fault Detected bit. When set, a fault has been detected,
and the SYSFAULTADDR register will contain the bus address which gener-
2 SYSFAULT 0x0 Rw | ated the fault
NOFAULT = 0x0 - No bus fault has been detected.
FAULT = Ox1 - Bus fault detected.
DCODE Bus Decoder Fault Detected bit. When set, a fault has been
detected, and the DCODEFAULTADDR register will contain the bus address
1 DCODEFAULT 0x0 RW which generated the fault.
NOFAULT = 0x0 - No DCODE fault has been detected.
FAULT = 0x1 - DCODE fault detected.
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Table 179: FAULTSTATUS Register Bits

Bit Name Reset RW Description
The ICODE Bus Decoder Fault Detected bit. When set, a fault has been
detected, and the ICODEFAULTADDR register will contain the bus address
0 |CODEFAULT 0x0 RW which generated the fault.

NOFAULT = 0x0 - No ICODE fault has been detected.
FAULT = 0x1 - ICODE fault detected.

3.9.2.25 FAULTCAPTUREEN Register

Enable the fault capture registers

OFFSET: 0x000001D0

INSTANCE 0 ADDRESS: 0x400201D0

Enable the fault capture registers

Table 180: FAULTCAPTUREEN Register

33 22|22 2|2 1(1(1(1(1(1f(1(1(1(1(ofofofofojofofofofo
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Table 181: FAULTCAPTUREEN Register Bits
Bit Name Reset RW Description
31:1 RSVD 0x0 Ro | RESERVED.
Fault Capture Enable field. When set, the Fault Capture monitors are
enabled and addresses which generate a hard fault are captured into the
0 FAULTCAPTU- 0x0 RW FAULTADDR registers.
REEN
DIS = 0x0 - Disable fault capture.
EN = 0x1 - Enable fault capture.

3.9.2.26 DBGR1 Register
Read-only debug register 1
OFFSET: 0x00000200

INSTANCE 0 ADDRESS: 0x40020200
Read-only debug register 1
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Table 182: DBGR1 Register
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Table 183: DBGR1 Register Bits

Bit Name Reset RW Description

31:0 ONETO8 0x12345678 RO Read-only register for communication validation

3.9.2.27 DBGR2 Register
Read-only debug register 2
OFFSET: 0x00000204

INSTANCE 0 ADDRESS: 0x40020204
Read-only debug register 2

Table 184: DBGR2 Register

3(2|2(2|2|2|2|2(2|2(2|1|{1|1|1(1]|1(1]|1]1
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Table 185: DBGR2 Register Bits

Bit Name Reset RW Description

31:0 COOLCODE 0xc001c0de RO Read-only register for communication validation

3.9.2.28 PMUENABLE Register
Control bit to enable/disable the PMU
OFFSET: 0x00000220

INSTANCE 0 ADDRESS: 0x40020220
Control bit to enable/disable the PMU
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Table 186: PMUENABLE Register
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Table 187: PMUENABLE Register Bits

Bit Name Reset RW Description

31:1 RSVD OO RO | RESERVED.

PMU Enable Control bit. When set, the MCU's PMU will place the MCU into
the lowest power consuming Deep Sleep mode upon execution of a WFI
instruction (dependent on the setting of the SLEEPDEEP bit in the ARM
SCR register). When cleared, regardless of the requested sleep mode, the
0 ENABLE 0x1 RW | PMU will not enter the lowest power Deep Sleep mode, instead entering the
Sleep mode.

DIS = 0x0 - Disable MCU power management.
EN = 0x1 - Enable MCU power management.

3.9.2.29 TPIUCTRL Register

TPIU Control Register. Determines the clock enable and frequency for the M4's TPIU interface.
OFFSET: 0x00000250

INSTANCE 0 ADDRESS: 0x40020250

TPIU Control Register. Determines the clock enable and frequency for the M4's TPIU interface.

Table 188: TPIUCTRL Register
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Table 189: TPIUCTRL Register Bits
Bit Name Reset RW Description
31:11 RSVD 0x0 Ro | RESERVED.
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Table 189: TPIUCTRL Register Bits

Bit Name Reset RW Description

This field selects the frequency of the ARM M4 TPIU port.

LOWPWR = 0x0 - Low power state.

HFRCDIV2 = 0x1 - Selects HFRC divided by 2 as the source TPIU clk
HFRCDIV8 = 0x2 - Selects HFRC divided by 8 as the source TPIU clk
HFRCDIV16 = 0x3 - Selects HFRC divided by 16 as the source TPIU clk

10:8 CLKSEL 0x0 RW HFRCDIV32 = 0x4 - Selects HFRC divided by 32 as the source TPIU clk
7:1 RSVD 0x0 RO RESERVED.
TPIU Enable field. When set, the ARM M4 TPIU is enabled and data can be
streamed out of the MCU's SWO port using the ARM ITM and TPIU mod-
0 ENABLE 0x0 Rw | Ules:

DIS = 0x0 - Disable the TPIU.
EN = 0x1 - Enable the TPIU.

3.9.2.30 OTAPOINTER Register

OTA (Over the Air) Update Pointer/Status. Reset only by POA
OFFSET: 0x00000264

INSTANCE 0 ADDRESS: 0x40020264

OTA (Over the Air) Update Pointer/Status. Reset only by POA

Table 190: OTAPOINTER Register
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Table 191: OTAPOINTER Register Bits

Bit Name Reset RW Description
31:2 OTAPOINTER 0x0 RW Flash page pointer with updated OTA image
1 OTASBLUP- 0x0 RW Indicates that the sbl_init has been updated
DATE
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Table 191: OTAPOINTER Register Bits

Bit Name Reset

RW

Description

0 OTAVALID 0x0

RW

Indicates that an OTA update is valid

3.9.2.31 SRAMMODE Register
SRAM Controller mode bits
OFFSET: 0x00000284

INSTANCE 0 ADDRESS: 0x40020284
SRAM Controller mode bits

Table 192: SRAMMODE Register
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Table 193: SRAMMODE Register Bits
Bit Name Reset RW Description
31:8 RSVD 0x0 RO RESERVED.
7:6 RSVD 0x0 Ro | RESERVED.
o [oemermran- [ | [ Sooreanprfet e et cone prfeched s acrss s vt
CACHE g '
When set, data bus accesses to the SRAM banks will be prefetched (nor-
4 DPREFETCH 0x0 RW mally 2 cycle read access). Use of this mode bit is only recommended if the
work flow has a large number of sequential accesses.
3:2 RSVD 0x0 Ro | RESERVED.
IPREFETCH - Secondary prefetch feature that will cache prefetched data across bus wait-
1 CACHE 0x0 RW | states (requires IPREFETCH to be set).
When set, instruction accesses to the SRAM banks will be prefetched (nor-
0 IPREFETCH 0x0 RW mally 2 cycle read access). Gengral[y, this .mode bit should be set for
improved performance when executing instructions from SRAM.
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3.9.2.32 KEXTCLKSEL Register

Key Register to enable the use of external clock selects via the EXTCLKSEL reg

OFFSET: 0x00000348
INSTANCE 0 ADDRESS: 0x40020348

Key Register to enable the use of external clock selects via the EXTCLKSEL reg

Table 194: KEXTCLKSEL Register

1

1

1

1

1

1
4

1

1

1,0/0]|0

KEXTCLKSEL

Table 195: KEXTCLKSEL Register Bits

Bit Name Reset

RW

Description

31:0 KEXTCLKSEL 0x0

RW

Key register value.

Key = 0x53 - Key

3.9.2.33 SIMOBUCKS3 Register
SIMO Buck Control Reg3

OFFSET: 0x00000358

INSTANCE 0 ADDRESS: 0x40020358
SIMO Buck Control Reg3

Table 196: SIMOBUCKS3 Register

1

1

1

1

1

-

1

1

-
o
o
o

RESERVED_RW_16

SIMOBUCKMEMLPLOWTOFFTRIM

SIMOBUCKMEMLPHIGHTOFFTRIM

SIMOBUCKCORELPLOWTOFFTRIM

SIMOBUCKCORELPHIGHTOFFTRIM
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Table 197: SIMOBUCKS3 Register Bits
Bit Name Reset RW Description
Reserved bits, always leave unchanged. The SIMOBUCKS register must
3116 RESERVED_R- 0x0 RW be modified via atomic RMW, leaving this bitfield completely unmodified.
' W_16 Failure to do so will result in unpredictable behavior.
SIMOBUCK- simobuck_mem_Ip_low_toff_trim
15:12 MEMLPLOW- Oxa RW - —p_low_{of_
TOFFTRIM
SIMOBUCK- . . .
1:8 MEMLPHIGH- Oxa RW simobuck_mem_Ip_high_toff_trim
TOFFTRIM
SIMOBUCK- simobuck_core_Ip_low_toff_trim
7:4 | CORELPLOW- Oxa RW —core_ip_jow_tor_
TOFFTRIM
SIMOBUCK- . . .
3:0 CORELPHIGH- oxa RW simobuck_core_Ip_high_toff_trim
TOFFTRIM

3.9.2.34 SIMOBUCK4 Register

SIMO Buck Control Reg1

OFFSET: 0x0000035C
INSTANCE 0 ADDRESS: 0x4002035C
SIMO Buck Control Reg1

Table 198: SIMOBUCK4 Register

&N

W N

212|121

00 =

111

o =
QN

1

1

1

SIMOBUCKIBIASTRIM

SIMOBUCKUVLOMODE
SIMOBUCKPRIORITYSEL
SIMOBUCKCOMP2TIMEOUTEN

SIMOBUCKCOMP2LPEN

SIMOBUCKCLKDIVSEL
SIMOBUCKEXTCLKSEL

SIMOBUCKUVLODRVSTRTRIM

SIMOBUCKUVLOCNTRTRIM

SIMOBUCKZXTRIM

SIMOBUCKMEMLEAKAGETRIM

SIMOBUCKMEMLPDRVSTRTRIM

SIMOBUCKMEMACTDRVSTRTRIM
SIMOBUCKMEMLPLOWTONTRIM
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Table 199: SIMOBUCK4 Register Bits
Bit Name Reset RW Description
. SIMOBUCKIBI- simobuck_bias_trim
31:28 ASTRIM 0x3 RW
simobuck_uvlo_mode. In BO, these bits are used as SIMOBUCK mode bits.
uvlo_mode[0] enables use of tonclk_Ip for all operations and uvlo_mode[1]
controls core_low/mem_low synchronization.
) SIMOBUCKU- USE_LP_CLOCK = 0x1 - LP clock is used for simobuck in both active and
27:26 VLOMODE 03 RW | |ow-power mode.
X_LOW_NOSYNC = 0x2 - No synchronization is applied to core_low/
mem_low inputs (A1 behavior)
X_LOW_SYNC = 0x0 - Synchronization is applied to core_low/mem_low
inputs
SIMOBUCKPRI- simobuck_priority_sel
% ORITYSEL 0x0 RW
SIMOBUCK- simobuck_comp?2_timeout_en
24 | COMP2TIME- 0x0 RW —eomp2_imeot
OUTEN
SIMOBUCK- simobuck_comp2_Ip_en
2| comP2LPEN Ox1 RW
. SIMOBUCK- simobuck_clkdiv_sel
22:21 CLKDIVSEL 0x0 RW
SIMOBUCKEX- simobuck_extclk_sel
20 TCLKSEL 0x0 RW
SIMOBUCKU- simobuck_uvlo_drvstr_trim
19:17 VLODRVSTR- 0x6 RW - - -
TRIM
For BO, this register has been redefined as mode bits for the Simobuck.
Each bit is independent: [O]=always enable LP clock [1]=enable priori-
ty_state [2]=enable zx_comp reset removal fix
ENABLE_LP_CLK = 0x1 - When set to 1, the LP clock will always be acti-
16:14 SIMOBUCKU- 0x6 RW vated. When 0, the logic will request the clock when needed
' VLOCNTRTRIM DISABLE_PRIORITY_STATE = 0x2 - (Inverse polarity mode bit) When set
to 1, the priority state logic will be disabled and when set to 0, priority_state
will enforce that both core and mem bucks get equal priority.
ENABLE_ZXCOMP_SYNC = 0x4 - When set to 1, ZXCOMP will be routed
through a flop and removal synchronized to the internal clock. When set to
0, logic will act like A1 logic and will be asynchronous.
13:10 SIMOBUCKZX- 0x0 RW simobuck_zx_trim
TRIM
SIMOBUCK- simobuck_mem_leakage_trim
9:8 MEMLEAKAG- 0x0 RW - - e
ETRIM
SIMOBUCK- simobuck_mem_Ip_drvstr_trim
76 MEMLP- 0x2 RW —mem_lp_drvstr_
DRVSTRTRIM
SIMOBUCKME- simobuck_mem_act_drvstr_trim
5:4 MACTDRVSTR- 0x2 RW - - = -
TRIM
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Table 199: SIMOBUCK4 Register Bits

Bit Name Reset RW Description
SIMOBUCK- simobuck_mem_Ip_low_ton_trim

3:0 MEMLPLOW- Oxa RW —mem_p_low_fon_|
TONTRIM

3.9.2.35 BLEBUCK2 Register

BLEBUCK2 Control Reg
OFFSET: 0x00000368

INSTANCE 0 ADDRESS: 0x40020368
BLEBUCK2 Control Reg

Table 200: BLEBUCK2 Register

33 2(2(2(2|2|2]|2 2/1{1{1{1{1{1{1{1{1]1{0]0|0 o(ojofo0]|0
110 8(7|6|(5|4[3]|2 0 4 1 9 (8|7 4(3(2(1(0
s =
= 2 =
¥ ¥ =
< = <
a I (e}
=z —
Z I} =z
RSVD O = o)
e ¥ =
[G] X
S ) @)
0 -]
m w m
H — L
@ 0 @
Table 201: BLEBUCK2 Register Bits
Bit Name Reset RW Description
31:18 RSVD 0x0 Ro | RESERVED.
. BLEBUCK- blebuck_ton_trim
172 1 TOND2ATRIM 0x0 RO
. BLEBUCKTON- blebuck_ton_hi_trim
11:6 HITRIM 0x1 RW
. BLEBUCKTON- blebuck_ton_low_trim
5:0 LOWTRIM Oxe RW

3.9.2.36 FLASHWPROTO Register
Flash Write Protection Bits
OFFSET: 0x000003A0
INSTANCE 0 ADDRESS: 0x400203A0

These bits write-protect flash in 16KB chunks.
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Table 202: FLASHWPROTO Register

21

1|11/1|1}1(1|{1(1|1/,0|0{0|0 0000|000
4(3(2/1/0(9|8|7|6(|5[4|3|2|1]|0

FWOBITS

Table 203: FLASHWPROTO Register Bits

Bit Name Reset RW Description
Write protect flash 0x00000000 - 0x0007FFFF. Each bit provides write pro-
tection for 16KB chunks of flash data space. Bits are cleared by writing a 1
31:0 FWOBITS 0x0 RW | to the bit. When read, 0 indicates the region is protected. Bits are sticky

(can be set when PROTLOCK is 1, but only cleared by reset)

3.9.2.37 FLASHWPROT1 Register
Flash Write Protection Bits

OFFSET: 0x000003A4

INSTANCE 0 ADDRESS: 0x400203A4
These bits write-protect flash in 16KB chunks.

Table 204: FLASHWPROT1 Register

21

1|11/(1|1}1(1|{1(1|1/(0|0[{0|0|0(0|O0O(0|O0|0O
6 4.3(2|1(0|9(8|7|6|5|4(3|2[1]|0

FW1BITS

Table 205: FLASHWPROT1 Register Bits

Bit Name Reset RW Description
Write protect flash 0x00080000 - 0xO00FFFFF. Each bit provides write pro-
tection for 16KB chunks of flash data space. Bits are cleared by writing a 1
31:0 FW1BITS 0x0 RW | to the bit. When read, 0 indicates the region is protected. Bits are sticky

(can be set when PROTLOCK is 1, but only cleared by reset)

3.9.2.38 FLASHRPROTO Register

Flash Read Protection Bits

OFFSET: 0x000003B0

INSTANCE 0 ADDRESS: 0x400203B0
These bits read-protect flash in 16KB chunks.
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Table 206: FLASHRPROTO Register

3(3|2(2|2|2|2|2(2|2(2|2{1|1}1|1}1(1|1(1|1{1]0]{0|0|O0(0|O0O(0|0 0|0
1,0/9|8(7(6(5/4/3|2|1/0(9(8|7|6|5|4|3(2(1/0|9|8|7|6|5[4/3|2|1]|0

FROBITS

Table 207: FLASHRPROTO Register Bits

Bit Name Reset RW Description

Copy (read) protect flash 0x00000000 - Ox0007FFFF. Each bit provides
read protection for 16KB chunks of flash. Bits are cleared by writing a 1 to
31:0 FROBITS 0x0 RW | the bit. When read, 0 indicates the region is protected. Bits are sticky (can
be set when PROTLOCK is 1, but only cleared by reset)

3.9.2.39 FLASHRPROT1 Register
Flash Read Protection Bits

OFFSET: 0x000003B4

INSTANCE 0 ADDRESS: 0x400203B4
These bits read-protect flash in 16KB chunks.

Table 208: FLASHRPROT1 Register

3(3|2(2|2|2|2|2(2|2(2|2{1|1|(1|1|1(1|1(1]|1[{1|]0]|0|0|O0fO0|O0O(O0|O0 0|0
10/9/8/7|(6/5(4|3({2|1/0|9,8(7|6(5|4(3|2|{1/0,9(8|7(6|5[4|3 2|10

FR1BITS

Table 209: FLASHRPROT1 Register Bits

Bit Name Reset RW Description

Copy (read) protect flash 0x00080000 - 0xOO0FFFFF. Each bit provides
read protection for 16KB chunks of flash. Bits are cleared by writing a 1 to
31:0 FR1BITS 0x0 RW | the bit. When read, 0 indicates the region is protected. Bits are sticky (can
be set when PROTLOCK is 1, but only cleared by reset)

3.9.2.40 DMASRAMWRITEPROTECTO Register

SRAM write-protection bits.

OFFSET: 0x000003C0

INSTANCE 0 ADDRESS: 0x400203C0

These bits write-protect system SRAM from DMA operations in 8KB chunks.
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Table 210: DMASRAMWRITEPROTECTO Register

3(3|2(2|2|2|2|2(2|2(2|2{1|1}1|1}1(1|1(1|1{1]0]{0|0|O0(0|O0O(0|0 0|0
1,0/9|8(7(6(5/4/3|2|1/0(9(8|7|6|5|4|3(2(1/0|9|8|7|6|5[4/3|2|1]|0

DMA_WPROTO

Table 211: DMASRAMWRITEPROTECTO Register Bits

Bit Name Reset RW Description

Write protect SRAM from DMA. Each bit provides write protection for an
8KB region of memory. When set to 1, the region will be protected from

310 DMA_WPROTO 0x0 RW DMA writes, when set to 0, DMA may write the region.

3.9.2.41 DMASRAMWRITEPROTECT1 Register

SRAM write-protection bits.

OFFSET: 0x000003C4

INSTANCE 0 ADDRESS: 0x400203C4

These bits write-protect system SRAM from DMA operations in 8KB chunks.

Table 212: DMASRAMWRITEPROTECT1 Register

-

3(3|2(2|2(2|2|2(2|2(2|2(1|1(1]|1]1 1|j1/1/1j0(0|0(0|0j0|0 00O
110/9/8|7|6|5(4|3(2|1/0|9,8(7|6(5|4({3|2|1|(0|9(8|7(6|5[4|3|2(1]|0

RSVD DMA_WPROT1

Table 213: DMASRAMWRITEPROTECT1 Register Bits

Bit Name Reset RW Description

31:16 RSVD 0x0 RO RESERVED.

Write protect SRAM from DMA. Each bit provides write protection for an
8KB region of memory. When set to 1, the region will be protected from

15:0 DMA_WPROT1 0x0 RW DMA writes, when set to 0, DMA may write the region.

3.9.2.42 DMASRAMREADPROTECTO Register

SRAM read-protection bits.

OFFSET: 0x000003D0

INSTANCE 0 ADDRESS: 0x400203D0

These bits read-protect system SRAM from DMA operations in 8KB chunks.
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Table 214: DMASRAMREADPROTECTO Register

21

1|11/1|1}1(1|{1(1|1/,0|0{0|0 0000|000

4(3(2/1/0(9|8|7|6(|5[4|3|2|1]|0

DMA_RPROTO

Table 215: DMASRAMREADPROTECTO Register Bits

Bit Name Reset RW Description
Read protect SRAM from DMA. Each bit provides write protection for an
31:0 DMA_RPROTO 0x0 RW 8KB region of memory. When set to 1, the region will be protected from

DMA reads, when set to 0, DMA may read the region.

3.9.2.43 DMASRAMREADPROTECT1 Register
SRAM read-protection bits.
OFFSET: 0x000003D4
INSTANCE 0 ADDRESS: 0x400203D4
These bits read-protect system SRAM from DMA operations in 8KB chunks.

Table 216: DMASRAMREADPROTECT1 Register

3(3|2(2|2|2|2|2(2|2(2|2{(1|1|(1|1|1(1|1(1]|1[(1|]0|0|0|O0OfO0|O0O(O0|O0 0|0
1/,0(9(8(7(6(5(4(3(2(1]0 413|2|1|/0|9|8|7|6|5|4|3|2|1]|0
RSVD DMA_RPROT1
Table 217: DMASRAMREADPROTECT1 Register Bits
Bit Name Reset RW Description
31:16 RSVD 0x0 RO RESERVED.
Read protect SRAM from DMA. Each bit provides write protection for an
. 8KB region of memory. When set to 1, the region will be protected from
15:0 DMA_RPROTH 0x0 RW DMA reads, when set to 0, DMA may read the region.
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3.10 Memory Subsystem

8KB SRAM
8KB SRAM
8KB SRAM
8KB SRAM
8KB SRAM
8KB SRAM
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|
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Instance Instance OoTP
Control
Figure 4. Block Diagram for Flash and OTP Memory Subsystem
3.10.1 Features
The Apollo3 Blue SoC integrates four kinds of memory as shown in Figure 3:
= SRAM
= Integrated Flash / External Memory via MSPI (with Flash cache)
= Boot Loader ROM
* One Time Programmable (OTP) memory
Key features include:
= 384 KB SRAM
= 2 instances of 512 KB flash memory (up to 1 MB total)
= 16 KB Flash cache (2-way set-associative/Direct Mapped, 512 entry, 128-bit line size)
DS-A3-1p2p0 Page 163 of 946 ©2022 Ambiq Micro, Inc.

All rights reserved.



Apollo3 Blue SoC Datasheet

= 16 KB OTP
- 8 KB contain factory preset per chip trim values.
- 8 KB for customer use, including flash protection fields
= Flash Protection specified in 16 KB Chunks
- 64 OTP bits specify Write Protected Chunks
- 64 OTP bits specify Read Protected Chunks
- A Chunk is Execute Only if Both Corresponding Protection Bits Specified
- OTP bits Specify Debugger Lock Out State
- OTP bits Can Protect SRAM Contents From Debugger Inspection
= External Flash with XiP (via MSPI) with cache support (up to 64MB)

3.10.2 Functional Overview

The Apollo3 Blue SoC Integrates up to 1024 KB of on-board Flash non-volatile memory and 16 KB of one
time programmable memory. These memories are managed by the APB flash controller for write
operations.

During normal MCU code execution, the Flash Cache Controller translates requests from the CPU core to
the Flash Memory instance for instruction and data fetches. The Controller is designed to return data in
zero wait-states when accesses hit into the cache and can operate up to the maximum operating
frequency of the CPU core. On cache misses, the controller issues miss requests to the Flash memory
controller.

The Flash Memory Controller facilitates flash erase and programming operations. When erase or
programming operations are active, instructions cannot be fetched for execution from the Flash memory,
so the on-chip SRAM would have to be used for code execution. The cache controller ensures these
operations are synchronized. To facilitate the management of Flash updates and OTP programming, a
number of Flash helper functions are provided in the boot loader ROM.

The boot loader ROM contains instructions that are executed upon power up of the processor. Once a
valid reset vector is establish at offset zero in the flash memory, the boot loader transfers control to users
application by issuing a POR type reset which causes the core to enter the reset vector in flash.

The Apollo3 Blue SoC supports secure boot leveraging the SecureSPOT technology. The root of trust for
the secure boot is the boot ROM and the Ambiq secure boot loader. Secure boot, if enabled, will be
invoked on each boot and reset cycle. Some secure boot functionality is conditionally supported on reset
leveraging the SECBOOTONRST configuration in OTP. More details on the Apollo3 Blue SoC security
features are described in “Security” on page 182 and also in the Ambiq Apollo3 Blue SoC Security
Whitepaper.
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3.10.3 Flash Cache

Functional Overview

sys

uController
od
= Flash
Flash Cache “g:_-' Flash arb ]2 8mm— Memory
icode = L]
SRAM arb
SRAM
Memory

Figure 5. Block Diagram for Apollo3 Blue SoC with Flash Cache

Apollo3 Blue SoCincorporates a Flash cache to the ICode and DCode path from the microcontroller. This
controller is intended to provide single cycle read access to Flash and reduce overall accesses to the Flash
to reduce power. The controller is a unified ICode and DCode cache controller. The cache fill path is
arbitrated between cache misses as well as the other Flash read agents (Info, Reg, BIST). Caching is
supported for the entire 1 MB internal Flash and the 64 MB external Flash aperture (via MSPI). The cache
is configurable 2-way set associative or direct mapped, 128b line size.

3.10.3.0.1 Cache Operation

To enable the cache, software should write the CACHECFG register with the desired setting. The ENABLE
field in this register will power up the cache SRAMs and initiate the cache startup sequence which will flush
the cache RAMs. Once the sequence is complete (indicated by the CACHE_READY bit in the
CACHECTRL register), the cache will automatically begin servicing instruction and/or data fetches from
the cache depending on the state of the ICACHE_ENABLE and DCACHE_ENABLE values. Software can
choose to enable/disable these independently and they can be dynamically changed during operation.
Additionally, the non-cachable region registers can be used to mark regions as non-cached, which
supersedes the |/D enable bits and causes all fetches from within this range to be non-cached.

The cache will automatically flush data contents if flash is erased/programmed or if the primary cache
enable bit is disabled. Additionally, software can invalidate the cache by writing the INVALIDATE bit of the
CACHECTRL register. Since this register contains only status information (on reads) and activates
controls based on bits set, there is no need to perform a read-modify-write.

For any mode changes, the cache should first be disabled by writing the ENABLE bit to 0, changing the
configuration, then re-writing the enable bit to a 1.
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3.10.3.0.2 Cache Performance Monitors

The cache also includes logic to monitor cache performance, which should be used in conjunction with the
STIMER or CTIMER to determine elapsed time. The instruction and data buses have independent
monitoring logic that keep counts of the following conditions:

= ACCESS_COUNT - total number of reads performed on the bus

» LOOKUP_COUNT - number of tag lookups performed

= HIT_COUNT - number of tag lookups that result in a hit

= LINE_COUNT - number of reads that were serviced from the line buffers (on a miss or non-cached
access) or directly from the RAM because they fell within the same line as the previous lookup.

The LOOKUP and LINE counts should sum to the ACCESS COUNT and the number of cache misses can
be calculated as LOOKUP_COUNT - HIT_COUNT.

NOTE

The DMONnN and IMONnN registers should be read with the cache monitor
disabled (CACHECFG[ENABLE_MONITOR] = 0x0).

Cache monitor counters will automatically freeze the counts when either of the access counters reaches a
value of OxFFFF000O0 to prevent the counters from rolling over. The monitor counts can be reset at any
time by writing the RESET_STAT bit in the CACHECTRL register.

The monitors do not provide an indication of wait-states added to accesses, so the elapsed time should be
used to infer this value (wait states are added as a result of cache misses or contention for the tag lookup
if both buses require a simultaneous lookup).

3.10.3.1 CACHECTRL Registers

Flash Cache Controller

INSTANCE 0 BASE ADDRESS:0x40018000
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3.10.3.1.1 Register Memory Map

Table 218: CACHECTRL Register Map

Address(s) Register Name Description
0x40018000 CACHECFG Flash Cache Control Register
0x40018004 FLASHCFG Flash Control Register
0x40018008 CTRL Cache Control
0x40018010 NCROSTART Flash Cache Noncachable Region 0 Start
0x40018014 NCROEND Flash Cache Noncachable Region 0 End
0x40018018 NCR1START Flash Cache Noncachable Region 1 Start
0x4001801C NCR1END Flash Cache Noncachable Region 1 End
0x40018040 DMONO Data Cache Total Accesses
0x40018044 DMON1 Data Cache Tag Lookups
0x40018048 DMON2 Data Cache Hits
0x4001804C DMON3 Data Cache Line Hits
0x40018050 IMONO Instruction Cache Total Accesses
0x40018054 IMON1 Instruction Cache Tag Lookups
0x40018058 IMON2 Instruction Cache Hits
0x4001805C IMON3 Instruction Cache Line Hits
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3.10.3.1.2 CACHECTRL Registers

3.10.3.1.2.1CACHECFG Register
Flash Cache Control Register

OFFSET: 0x00000000
INSTANCE 0 ADDRESS: 0x40018000

Flash Cache Control Register

Table 219: CACHECFG Register

3|3 22|22 |2|2|2|2|2{1|{1|{1|{1]1]1]1]1]1]1 0|00/ 0|0|0|0|0O0|O
110 8(7/6|5{4(3|2|1|0 4 1 9876|543 |2|1|0
x wolw |
2 = Lla |z =9
> < 2910 |< | < oo
5 g _|I |23 ZI ZI L_IIJ
RSVD =| RSWD |5 RSVD Wig | o|5| conFie |wwiZ |
w | Oluw|E|w m|m|d|Z
— <C < T|O T < | < L
o = Olol<|@ Z\|Z
< g <O 6 w | w
z o|lal|2
Table 220: CACHECFG Register Bits
Bit Name Reset RW Description
31:95 RSVD 0x0 RO This bitfield is reserved for future use.
Enable Cache Monitoring Stats. Cache monitoring consumes additional
power and should only be enabled when profiling code and counters will
24 ENABLE_MONI- 0x0 RW increment when this bit is set. Counter values will be retained when this is
TOR set to 0, allowing software to enable/disable counting for multiple code seg-
ments.
23:21 RSVD 0x0 RO This bitfield is reserved for future use.
Enable aggressive clock gating of entire data array. This bit should be set to
20 DATA_CLK- 0x1 RW | 1 for optimal power efficienc
GATE pumatp Y-
19:12 RSVD 0x0 RO This bitfield is reserved for future use.
Enable LS (light sleep) of cache RAMs. Software should DISABLE this bit
11 CACHE_LS 0x1 RW | since cache activity is too high to benefit from LS usage.
0 CACHE_CLK- o W Enﬁﬁl:l clgsvlégzzir;?e?]fccache TAG RAM. Software should enable this bit for
GATE pumatp 4
9 DCACHE_EN- 0x0 RW Enable Flash Data Caching.
ABLE
8 ICACHE_EN- 0x0 RW Enable Flash Instruction Caching
ABLE
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Table 220: CACHECFG Register Bits

Bit

Name

Reset

RW

Description

74

CONFIG

0x5

RW

Sets the cache configuration

W1_128B_512E = 0x4 - Direct mapped, 128-bit linesize, 512 entries (4
SRAMs active)

W2_128B_512E = 0x5 - Two-way set associative, 128-bit linesize, 512
entries (8 SRAMs active)

W1_128B_1024E = 0x8 - Direct mapped, 128-bit linesize, 1024 entries (8
SRAMs active)

ENABLE_NCH1

0x0

RW

Enable Non-cacheable region 1. See NCR1 registers to define the region.

ENABLE_NCO

0x0

RW

Enable Non-cacheable region 0. See NCRO registers to define the region.

LRU

0x0

RW

Sets the cache repleacment policy. 0=LRR (least recently replaced),
1=LRU (least recently used). LRR minimizes writes to the TAG SRAM.

ENABLE

0x0

RW

Enables the flash cache controller and enables power to the cache SRAMs.
The ICACHE_ENABLE and DCACHE_ENABLE should be set to enable
caching for each type of access.

3.10.3.1.2.2FLASHCFG Register

Flash Control Register

OFFSET: 0x00000004
INSTANCE 0 ADDRESS: 0x40018004

Flash Control Register

Table 221: FLASHCFG Register

3 22|22 2|2 2/1/1{1{1{1{1{1{1{1(1/{0{0;0|0|{0|0|0|0 0
1(10 8|7|6|5 3|2 0/ 9,8|7/6|5/{4|3/2|{1/{0(9|8|7|6|5|4|3[2|1|0
E
<
é §| Q %
RSVD s a 5) w RD_WAIT
s 4 o a
o S/ 7
- o
-
Table 222: FLASHCFG Register Bits
Bit Name Reset RW Description
31:14 RSVD 0x0 RO This bitfield is reserved for future use.
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Table 222: FLASHCFG Register Bits

Bit Name Reset RW Description
Controls flash low power modes (control of LPM pin).
NEVER = 0x0 - High power mode (LPM not used).
. STANDBY = 0x1 - Fast Standby mode. LPM deasserted for read opera-
1312 LPMMODE 0x0 RW tions, but asserted while flash IDLE.
ALWAYS = 0x2 - Low Power mode. LPM always asserted for reads.
LPM_RD_WAIT must be programmed to accomodate longer read access
times.
11:8 LPM_RD_WAIT 0x8 RW Sets flash waitstates when in LPM Mode 2 (RD_WAIT in LPM mode 2 only)
7 RSVD 0x0 RO This bitfield is reserved for future use.
6:4 SEDELAY 0x7 RW Sets SE delay (flash address setup). A value of 5 is recommended.
Sets read waitstates for normal (fast) operation. A value of 1 is recom-
3:0 RD_WAIT 0x3 RW | mended.

3.10.3.1.2.3CTRL Register
Cache Control

OFFSET: 0x00000008
INSTANCE 0 ADDRESS: 0x40018008

Cache Control

Table 223: CTRL Register

3|3 212 |2)|2 2|2 2{1/1/{1{1{1{1{1(1|(1(1(0/0{0|0|0|0|0|0|0)|0
110 8(7|6|5 3|2 0(9|8 6 4|13|2|1|0|9|8|7|6|5]|4 21|0
WSS (4219
212 |z Q2 g >
z|a | z o | Qg |w
win|lwn wia|»n < |E | E
S| < s'|e S <! s'|e e 0, =
RSVD | % — 5 - % — 5 [N ]
U)l g)l U)l ha U)l u)l U)l A % LJ)J <>(
Tis|T o lo | o|w |z
I g e ol < | |=
Nl |D Nl D O
<IS|S| 3|33
il el TS il el TS
Table 224: CTRL Register Bits
Bit Name Reset RW Description
3111 RSVD 0x0 RO This bitfield is reserved for future use.
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Table 224: CTRL Register Bits

Bit Name Reset RW Description
Enable Flash Sleep Mode. Write to 1 to put flash 1 into sleep mode. NOTE:
10 FLASH1_SLM_ 0x0 WO there is a 5us latency after waking flash until the first access will be
ENABLE returned.
Disable Flash Sleep Mode. Write 1 to wake flash1 from sleep mode (read-
9 FLASH1_SLM_- 0x0 WO | ing the array will also automatically wake it)
DISABLE 9 y u y '
o FLASH1_SLM_ 00 o E;atzr; fiﬁﬁ? il\s/I(i)ndioSr:;Lljiao;éndwates that flash1 is in sleep mode, 0 indi-
STATUS '

7 RSVD 0x0 RO This bitfield is reserved for future use.

Enable Flash Sleep Mode. Write to 1 to put flash 0 into sleep mode. NOTE:
6 FLASHO_SLM_ 0x0 WO there is a 5us latency after waking flash until the first access will be
ENABLE returned.

s [rasmms | D e e ey 0 o sep mose e
DISABLE 9 y u y '

A FLASHO_SLM_ 00 "o E;atzr; ﬂs;zsg il\s/I(i)ndioSr:;Lljiao;éndwates that flashO is in sleep mode, 0 indi-
STATUS '

3 RSVD 0x0 RO This bitfield is reserved for future use.

2 CACHE_READY 0x0 RO Cache Ready Status (enabled and not processing an invalidate operation)
Reset Cache Statistics. When written to a 1, the cache monitor counters will
be cleared. The monitor counters can be reset only when the

1 RESET_STAT 0x0 WO | CACHECFG.ENABLE_MONITOR bit is set.

CLEAR = 0x1 - Clear Cache Stats
0 INVALIDATE 0x0 WO Writing a 1 to this bitfield invalidates the flash cache contents.

3.10.3.1.2.4NCROSTART Register

Flash Cache Noncachable Region 0 Start

OFFSET: 0x00000010
INSTANCE 0 ADDRESS: 0x40018010
Flash Cache Noncachable Region 0 Start

Table 225: NCROSTART Register

33 21222 2 2(1|1(1|1{1(1;1(1|1(1|j0/{0|0|0(0|O0O(O0|O0O 0|0
110 8(7|6|5 2 0 4/3(2|1(0|9(8|7|6|5|4(3|2[1]|0
RSVD ADDR RSVD
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Table 226: NCROSTART Register Bits

Bit Name Reset RW Description
31:27 RSVD 0x0 RO This bitfield is reserved for future use.
26:4 ADDR 0x0 RW Start address for non-cacheable region 0
30 RSVD 0x0 RO This bitfield is reserved for future use.

3.10.3.1.2.5NCROEND Register

Flash Cache Noncachable Region 0 End

OFFSET: 0x00000014

INSTANCE 0 ADDRESS: 0x40018014
Flash Cache Noncachable Region 0 End

Table 227: NCROEND Register

313(2(|2|2]|2 2|2 2/1{1{1{1{1{1{1{1{1{1{0{0[0|0]|0 0|j0(0]|0

1/0(9(8(7(6 3, 2{1/0(9,8|7|6|5[4|3|2|1/0|9,8|7|6|5|4|3|2|1]|0
RSVD ADDR RSVD

Table 228: NCROEND Register Bits

Bit Name Reset RW Description

31:07 RSVD 0x0 RO This bitfield is reserved for future use.

264 ADDR 0x0 RW End address for non-cacheable region 0

3:0 RSVD 0x0 RO This bitfield is reserved for future use.

3.10.3.1.2.6NCR1START Register

Flash Cache Noncachable Region 1 Start
OFFSET: 0x00000018

INSTANCE 0 ADDRESS: 0x40018018
Flash Cache Noncachable Region 1 Start
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Table 229: NCR1START Register

3(3|2(2|2|2|2|2(2|2(2|2{1|1}1|1}1(1|1(1|1{1]0]{0|0|O0(0|O0O(0|0 0|0
1,0/9|8(7(6(5/4/3|2|1/0(9(8|7|6|5|4|3(2(1/0|9|8|7|6|5[4/3|2|1]|0

RSVD ADDR RSVD

Table 230: NCR1START Register Bits

Bit Name Reset RW Description
31:27 RSVD 0x0 RO This bitfield is reserved for future use.
26:4 ADDR 0x0 RW Start address for non-cacheable region 1
30 RSVD 0x0 RO This bitfield is reserved for future use.

3.10.3.1.2.7NCR1END Register

Flash Cache Noncachable Region 1 End
OFFSET: 0x0000001C

INSTANCE 0 ADDRESS: 0x4001801C
Flash Cache Noncachable Region 1 End

Table 231: NCR1END Register

RSVD ADDR RSVD

Table 232: NCR1END Register Bits

Bit Name Reset RW Description
31:27 RSVD 0x0 RO This bitfield is reserved for future use.
26:4 ADDR 0x0 RW End address for non-cacheable region 1
3:0 RSVD 0x0 RO This bitfield is reserved for future use.

3.10.3.1.2.8DMONO Register
Data Cache Total Accesses

OFFSET: 0x00000040
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INSTANCE 0 ADDRESS: 0x40018040

Data Cache Total Accesses

Table 233: DMONO Register

1|11/1|1}1(1|{1(1|1/0|0{0|0|0(0|O0(0|O0|0O
8(7|/6(5|4(3|21/0|9(8|7(6|5[4|3|2|1|0

DACCESS_COUNT

Table 234: DMONO Register Bits

Bit Name Reset RW Description
Total accesses to data cache. All performance metrics should be relative to
31:0 DAC- 0x0 RO | the number of accesses performed
: CESS_COUNT P '

3.10.3.1.2.9DMON1 Register

Data Cache Tag Lookups

OFFSET: 0x00000044

INSTANCE 0 ADDRESS: 0x40018044
Data Cache Tag Lookups

Table 235: DMON1 Register

1111|1111 (1]1
8(7|/6(5|4(3|21/0|9(8|7(6|5[4|3|2|1]|0

o
o
o
o
o
o
o
o
o
o

DLOOKUP_COUNT

Table 236: DMON1 Register Bits

Bit Name Reset RW Description
) DLOOK- Total tag lookups from data cache.
31:0 UP_COUNT 0x0 RO

3.10.3.1.2.10DMON2 Register
Data Cache Hits

OFFSET: 0x00000048

INSTANCE 0 ADDRESS: 0x40018048
Data Cache Hits
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Table 237: DMON2 Register

3(3|2(2|2|2|2|2(2|2(2|2{1|1(1|1|1(1]|1[1]1
1,0/9|8(7(6(5/4/3|2|1/0(9(8|7|6|5|4|3(2(1/0|9|8|7|6|5[4/3|2|1]|0

-
o
o
o
o
o
o
o
o
o
o

DHIT_COUNT

Table 238: DMON2 Register Bits

Bit Name Reset RW Description

31:0 DHIT_COUNT 0x0 RO Cache hits from lookup operations.

3.10.3.1.2.11DMON3 Register
Data Cache Line Hits

OFFSET: 0x0000004C

INSTANCE 0 ADDRESS: 0x4001804C
Data Cache Line Hits

Table 239: DMON3 Register

3(2|2(2|2|2|2|2(2|2(2|1|{1|1|1(1]|1(1]|1]1 0
10/9/8|7(6/5(4|3({2|1/0|9,8(7|6(5|4(3|2|{1/0,9(8|7(6|5[4|3 2|10

-
o
o
o
o
o
o
o
o
o

DLINE_COUNT

Table 240: DMON3 Register Bits

Bit Name Reset RW Description

31:0 DLINE_COUNT 0x0 RO Cache hits from line cache

3.10.3.1.2.12IMONO Register
Instruction Cache Total Accesses
OFFSET: 0x00000050

INSTANCE 0 ADDRESS: 0x40018050

Instruction Cache Total Accesses
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Table 241: IMONO Register

3(3|2(2|2|2|2|2(2|2(2|2{1|1(1|1|1(1]|1[1]1
1,0/9|8(7(6(5/4/3|2|1/0(9(8|7|6|5|4|3(2(1/0|9|8|7|6|5[4/3|2|1]|0

-
o
o
o
o
o
o
o
o
o
o

IACCESS_COUNT

Table 242: IMONO Register Bits

Bit Name Reset RW Description
. IAC- Total accesses to Instruction cache
310 | cess count 0x0 RO

3.10.3.1.2.13IMON1 Register
Instruction Cache Tag Lookups
OFFSET: 0x00000054

INSTANCE 0 ADDRESS: 0x40018054

Instruction Cache Tag Lookups

Table 243: IMON1 Register

3(2|2(2|2|2|2|2(2|2(2|1|{1|1|1(1]|1(1]|1]1 0
10/9/8|7(6/5(4|3({2|1/0|9,8(7|6(5|4(3|2|{1/0,9(8|7(6|5[4|3 2|10

-
o
o
o
o
o
o
o
o
o

ILOOKUP_COUNT

Table 244: IMON1 Register Bits

Bit Name Reset RW Description
. ILOOK- Total tag lookups from Instruction cache
31:0 UP_COUNT 0x0 RO

3.10.3.1.2.14IMON2 Register
Instruction Cache Hits

OFFSET: 0x00000058

INSTANCE 0 ADDRESS: 0x40018058

Instruction Cache Hits
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Table 245: IMON2 Register

3(3|2(2|2|2|2|2(2|2(2|2{1|1(1|1|1(1]|1[1]1
1,0/9|8(7(6(5/4/3|2|1/0(9(8|7|6|5|4|3(2(1/0|9|8|7|6|5[4/3|2|1]|0

-
o
o
o
o
o
o
o
o
o
o

IHIT_COUNT

Table 246: IMON2 Register Bits

Bit Name Reset RW Description

31:0 IHIT_COUNT 0x0 RO Cache hits from lookup operations

3.10.3.1.2.15IMON3 Register
Instruction Cache Line Hits
OFFSET: 0x0000005C

INSTANCE 0 ADDRESS: 0x4001805C

Instruction Cache Line Hits

Table 247: IMON3 Register

3(2|2(2|2|2|2|2(2|2(2|1|{1|1|1(1]|1(1]|1]1 0
10/9/8|7(6/5(4|3({2|1/0|9,8(7|6(5|4(3|2|{1/0,9(8|7(6|5[4|3 2|10

-
o
o
o
o
o
o
o
o
o

ILINE_COUNT

Table 248: IMON3 Register Bits

Bit Name Reset RW Description
31:0 ILINE_COUNT 0x0 RO Cache hits from line cache
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3.10.3.2 Flash Memory Controller
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Figure 6. Block diagram for the Flash Memory Controller

3.10.3.2.1 Functional Overview

During normal MCU code execution, the Flash Memory Controller translates requests from the CPU core
(via the Flash cache) to the Flash Memory instance for instruction and data fetches. The Controller is
designed to return data to the cache in single wait-state and can operate up to the maximum operating
frequency of half the CPU core frequency.

The Controller facilitates flash erase and programming operations through the control registers. When
erase or programming operations are active, data cannot be fetched from the Flash memory. This will be
naturally handled by the cache controller fill logic to stall until the program operation is complete and the
Flash device is available. With the cache enabled, this collision should happen very infrequently.

Another function of the Controller is to capture the configuration values which are distributed to the various
on-chip peripherals of the MCU at chip power-up. These are read from the Information Space of the Flash
Memory and captured in registers to be used by the other peripherals. The configuration values are
reloaded each time a full-chip POI cycle occurs.
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NOTE

A Flash page size is 8 KB, which is the minimum size that can be erased. An
erase cycle will set all the bits in the Flash page to 1's and bits can be
programmed only to a zero state. The same 32-bit word can be programmed a
maximum of 4 times, otherwise data corruption or retention issues may appear
within the word line. The AmbigSuite SDK provides a “modify” function to help
with this.

NOTE

The number of individual word-size programming cycles performed per word
line (512 bytes) should be limited to no more than 160 before an erase. Full-line
programming of the entire 512-byte word line is faster and less stressful such
that programming all 512 bytes in a single transaction counts as only 60
individual writes. Therefore, following a a full-line programming of all 512 bytes,
no more than an additional 100 word-programming operations can be
performed before an erase is required. Doing more than the specified number of
program cycles to the same line before an erase operation may cause data
corruption or retention issues within the word line.
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3.10.4 SRAM Interface

3.10.4.1 Functional Overview

Arbiter f——

DTCMO

Arbiter —\l\

DTCM1

CPU I-Code Bus == AHB Slave Decoder
Arbiter
r— SRAMO
CPU D-Code Bus = AHB Slave Decoder
Arbiter
SRAM1
DMABuUs == AHB Slave Decoder

Arbiter \I\

SRAMn

Figure 7. Block diagram for the SRAM Interface

The SRAM Interface translates requests from the CPU core and DMA controllers to the SRAM Memory
Instances for instruction and data fetches. The SRAM interface is designed to return data in zero wait-
states and can operate up to the maximum operating frequency of the CPU core. On Apollo3, the DTCM
banks are guaranteed to be zero wait-state unless there is contention for that specific memory array with
another requester (CPU I/D Bus or DMA Bus). The Main SRAM banks are zero wait-state for sequential
accesses or 1-wait state for non-sequential accesses for I/D Bus accesses unless there is contention for
that specific memory array with another requester (CPU I/D Bus or DMA Bus). DMA accesses to Main
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SRAM are always O-wait state unless there is contention for that specific memory array. Prefetching is
used on the I/D Bus accesses to Main SRAM to minimize/eliminate wait-state bubbles. Prefetching can be
enabled/disabled for | and/or D Bus accesses.

The Interface contains arbitration logic for each SRAM instance which allows one of 2 bus slaves access to
the SRAM on any given cycle.

Figure 7 shows a logical block diagram of the SRAM Interface, where n = 9 for this MCU.

DS-A3-1p2p0 Page 181 of 946 ©2022 Ambiq Micro, Inc.
All rights reserved.



Apollo3 Blue SoC Datasheet

4. Security

4.1 Functional Overview

The security features on the Apollo3 Blue MCU Family enable a trusted firmware model which is critical for
wearables and general Internet of Things (IoT) devices. Unless otherwise noted, the following information
for the Apollo3 Blue is equally applicable to the Apollo3 and the Apollo3 Blue Plus.

The Apollo3 Blue establishes a Root-of-Trust, leveraging hardware and secure firmware to maintain this
secure foundation throughout the device boot/reset flow which is based on the Ambiq SecureSPOT™
technology. To ensure a full end-to-end security model, the Apollo3 Blue not only supports a secure/trusted
boot flow but also supports secure firmware updates (wired or OTA), secure key storage and provisioning,
secure in-field feature upgrades, debug policy enforcement, Flash memory protection, as well as inline
scrambling/descrambling for external memory interface.

Specifically, the Apollo3 Blue SoC supports the following security features:

= Secure Keybank with Key wrapping and revocation support
= Secure over-the-air (OTA) updates with support for:
- Integrity check
- Authentication
- Decryption
- Anti-rollback support
= Wired interface support for secure programming/update
= Image protections (copy and write protection) in the main flash
= External Flash In-line Encrypt/Decrypt support
= Recovery (factory reset)

More details on the Apollo3 family security features are described in the Ambiqg Apollo3 Blue Security white
paper.

See “Flash OTP INSTANCEO INFOO Words” on page 835.
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4.2 Standard Boot

The boot loader for standard boot on the Apollo3 Blue SoC is a reliable boot-up process performed upon
installation and boot/reset, and provides firmware recovery and OTA update support.

A high level flow diagram of the standard boot process is illustrated in Figure 8.

Boot/Reset

Ambiq Secure Boot
Loader Execution | Error ERROR

yes —> Perform OTA updates

Secure OTA Upd&te

no

v

Customer Secure
Firmware Execution

Figure 8. Standard Boot Flow
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4.3 Secure OTA

The Apollo3 Blue SoC supports secure OTA leveraging the Ambiq secure boot loader. Customers can
update any firmware component securely as directed via the security policy configuration in OTP.

The basic flow is shown in Figure 9.

Initiate OTA

Download Secure
Blob(s)

Register OTA

' Downloads with Secure

OTA Installer
Secure OTA
Verification/
yes Decryptior Installation [ Error ERROR

Additional OTA Updates

no

Initiate Secure Boot
with New Image

Figure 9. Secure OTA Flow

4.4 Secure Key Storage

Key Storage is managed in hardware and provides secure access to keys as needed to support secure
boot as well as any other runtime security operation. A customer key bank is provided and can be
provisioned and allocated as required to support various configurations.

It may also be necessary to initiate key revocation in the event a particular key is compromised, stale or
needing to be refreshed. The Apollo3 Blue SoC provides key revocation for customer key bank keys as
needed. The number of key revocations supported is dependent on the length of keys required and the
partitioning/allocation of the key bank.
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4.5 External Flash In-line Encrypt/Decrypt

External flash is supported on Apollo3 Blue SoC via the MSPI controller interface. The MSPI controller
supports in-line encrypt/decrypt to enable customers to securely store firmware or any other secure image
data in external flash without concern of the firmware/data confidentiality being compromised.

The Ambiq secure in-line encrypt/decrypt provides robust, high performance and extremely low power
protection for external flash contents. Ambiq’s in-line encrypt/decrypt enables truly in-line capability that
does not degrade performance when asking external flash.

For more details on the in-line support, See “MSPI Master Module” on page 226.
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5. DMA

5.1 Functional Overview
The Apollo3 Blue SoC supports DMA capability for the following peripheral controllers:

= SPI Master

» 12C Master

= PDM

= ADC

= MSPI

» Bluetooth Low Energy Controller
= Security

DMA is supported from peripheral to SRAM and SRAM/flash to peripheral. DMA transactions to/from
SRAM occur concurrently to CPU instruction/data accesses as long as the accesses are to different
physical banks of memory. Accesses to the same physical bank are arbitrated in hardware. Similarly,
accesses to flash occur concurrently to other DMA transactions to SRAM. CPU accesses (via cache miss
or uncacheable access) are arbitrated with DMA accesses in hardware. There is hardware support to

manage DMA request arbitration, physical memory resource arbitration, clocking and power management.

DMA configuration is programmed via the respective peripheral controller interface. Each peripheral has
the same DMA capability with some minor exceptions where peripheral specific behavior is required. For
example, for configuring the DMA transaction trigger, there are different trigger options for each peripheral
depending on the mode of operation.

5.2 General Usage

The DMA controller is enabled at reset and no chip-level initialization is required (DMA may be disabled by
clearing the DMA_ENABLE bit in the APBDMACTRL register in the CONTROL register block). The DMA
controller automatically manages byte-aligned addresses in memory and non-word transfer lengths. While
peripherals have the ability to DMA large blocks of data to/from memory, individual DMA transfers are
performed at a granularity of 1-16 bytes per transfer.

To utilize DMA, software should program the peripheral's DMA control registers to enable data transfer to/
from the FIFOs that would normally have been done by software. DMA-capable peripherals have been
updated with additional interrupts to notify software of transfer and DMA completion events. Each
peripheral also has the following common registers:

= DMATARGADDR: Specifies the SRAM or flash address for the start of the transfer. As the transfer pro-
ceeds, the peripheral will update this address to track the current DMA location in memory.

= DMATOTCOUNT: Specifies the total number of bytes to be transferred to/from memory. This value will
also decrement throughout the transfer.

= DMABCOUNT: Specifies the DMA "burst" size or number of bytes to be transferred each time a DMA
access is triggered in the peripheral. For most optimal efficiency, this should be set to 16 or 32 bytes
which would correspond to one or two actual transactions to memory.

Each peripheral also has registers to control when DMA transfers are initiated. Upon reaching the DMA
threshold, the device will request a DMA transfer and the DMA engine will perform the required number of
read/write operations to move the data to/from SRAM or flash memory. Peripherals will typically issue
multiple DMA read/write operations to complete a longer DMA transfer and each peripheral has a few
configuration options to help software manage the flow of data. For instance, a peripheral with a 16-word
FIFO might be configured to transfer 4 words each time the FIFO reaches 4 entries while the CPU is
awake in order to flush data as quickly as possible while during periods of deep-sleep, the peripheral may
be configured to transfer 8-12 words at a time once the FIFO reaches 12-16 entries in order to minimize
the wake time of the SRAM banks.
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5.3 Auto Power Down

The DMA-capable peripherals can be configured to automatically power down the respective peripheral
device once the total DMA transaction is complete. This feature is particularly useful in cases where a
device transaction can be queued up allowing the CPU to go into deep sleep while the transaction
completes which could take a long time depending on the data rate of the device and/or the trigger
conditions for sending/receiving data.

The auto power down mode is fully autonomous where not only is the peripheral device powered down but
any associated memory is also replaced back into its lowest power state as applicable. The auto power
down mode is enabled in the DMA_CFG register of the respective peripheral device register space.

5.4 Priority

Each DMA agent can be assigned a high priority or a “best effort” priority. This allows software to ensure a
certain quality of service as required for the particular peripheral depending on the use case requirements.
The peripheral also has safeguards to auto promote priority if its corresponding trigger levels are
approaching critical levels. This is to ensure the respective peripheral does not overflow/underflow.

The priority settings as well as the auto promote feature are enabled in the DMA_CFG register of the
respective peripheral device register space.

5.5 Hardware Handshake / Hardware Triggering

The IOM, Bluetooth Low Energy Controller and MSPI peripherals include handshaking to allow
coordination of data flow between the peripherals and system memory without CPU involvement by using
the command queuing support in the peripheral. See the respective peripheral sections for details
regarding command queuing and hardware triggering.
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6. Bluetooth Low Energy Controller
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Figure 10. Block Diagram for the Bluetooth Low Energy Controller

6.1 Functional Overview

6.1.1 Introduction

The Apollo3 Blue SoC includes a low power Bluetooth low energy subsystem. The Bluetooth Low Energy
Controller, referred to throughout as BLE or BLEC, and host can be configured to support up to seven
simultaneous connections on chip revision A1 (4 on chip revision B0). Secure connections and extended
packet length are also supported.

The subsystem contains a 2.4 GHz RF transceiver, modem, baseband and 32-bit processor. It supports an
external 32 MHz crystal clock source as well as an internal 32 MHz RC oscillator clock source. The 32
MHz crystal is required as the frequency reference for the radio and also as the main clock source for the
controller blocks. The internal 32 MHz RC can be used as a clock source for the RF processor if the
requirements allow for lower precision and lower power operation. Driving an active clock into BLE crystal
pins is not supported, as the crystal pins do not support active components.

The subsystem provides a Host Controller Interface (HCI) to the host.

6.1.2 Main Features
The highlighted features of the Bluetooth Low Energy Controller are as follows:
Bluetooth 5 Low Energy Technology

= Full on-chip HCI Transport Layer

= Up to seven (7) simultaneous connections supported on chip revision A1 (4 simultaneous connections
supported starting with chip revision BO)

= Extended PDU length and enhanced security

= AES-128 Hardware Encryption Engine

Secure Firmware Over-the-Air Updating
= Per application, function or configuration
High Performance RF

= -93 dBm Bluetooth low energy transceiver sensitivity, selectivity and blocking performance
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= -10 to +3 dBm transmitter output power range
= External Power Amplifier support
= Integrated Balun and antenna matching network

6.2 Functional Description

The Bluetooth Low Energy subsystem is a fully integrated system providing autonomous clock and power
management. The subsystem is accessed via the BLE interface block. Software leverages the fully HCI
compliant interface for Bluetooth operation. A series of proprietary HCl commands are also leveraged to
provide additional performance and low power operation.

The BLE subsystem must first be enabled by issuing an enable to the BLEREQ field of the Feature Enable
Register (Section 3.9.2.7 on page 136). The device is then enabled by setting the BLEL controller device
enable field in the power controller device register (DEVPWREN Register in System Core chapter). Once
the BLEL domain is powered up through the BLEL enable, software can enable the power state machine
within the BLE interface module to allow the BLEH power domain to be activated.

Communication between the BLE core and the MCU is done through the BLE interface (BLEIF) module.
This module uses a similar interface as the IOM module. This module will facilitate the data transfer to and
from the BLE core and supports direct and DMA data transfer mechanisms. The module also contains the
power sequencing logic to control the power domains used for the BLE Core. This logic will control the
initial power on, as well as power down of domains during sleep mode automatically.

The BLEIF contains flow control mechanisms that allow write transactions under control of the BSTATUS
signal from the BLE core, and will similarly gate read transactions using the BLEIRQ signal from the BLE
Core. These are enabled via the BLEIF_MSPICFG register fields of RDFC and WTFC.

The BLE subsystem will automatically enter into a low power sleep mode when no active commands are
issued and no active TX/RX events.

6.2.1 Data Transfers

Data transfers to and from the BLE core are done using HCI packets. The HCI packet structure is used for
both data input and output, For event frames read from the BLE Core, an optional mode is available to
prepend a 2 byte length to the start of the packet. This mode is enabled with a vendor specific command.

The HCI commands and packet formats are detailed in the Bluetooth specification, version 4.2, volume 2,
part E, sections 7.8.1 through 7.8.46 (LE Controller commands). Additional vendor specific commands are
also available for operations such as setting the frame mode, setting sleep mode and other BLE Core
specific commands.

6.2.1.1 DMA data transfers

DMA transfers are enabled by configuring the DMA related registers, enabling the DMA channel, and then
issuing the command. The command will automatically fetch and store the data associated with the
command without MCU intervention. The DMA channel is enabled via the DMAEN field in the
BLEIF_DMACEFG register.P2M DMA operations transfer data from peripheral to memory, and are used in
BLEIF READ operations. M2P DMA operations transfer data from memory to peripheral, and are used in
BLEIF write operations. DMA transfer size is programmed into the BLEIF_DMATOTCOUNT register and
supports up to 4095 bytes of data transfer. The DMA transfer size is independent from the transaction size,
and allows a single DMA setting to be used across multiple commands. The direction of DMA data transfer
must match the command. The DMAEN field in the BLEIF_DMACFG register enables/disables the DMA
transfer capability and must be set last when configuring the DMA, generally prior to sending the
command.

The DMA engine within the module will initiate a transfer of data when a trigger event occurs. There are 2
type of triggers available, threshold (THR) and command completion (CMDCMP). The THR trigger will
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activate when the threshold programmed into the FIFOWTHR or FIFORTHR in the BLEIF_FIFOTHR
register meets the data criteria. Because the MCU access to the interface is 32b wide, only the word count
of the selected THR is used, and the low order bits of the FIFOWTHR or FIFORTHR are ignored.

During the transfer, the TOTCOUNT register is decremented to reflect the number of bytes transferred.

For BLE write operations (data written from BLEIF into the BLE Core), the THR trigger will activate when
the write FIFO contains FIFOWTHR[5:2] free words. If the remaining DMA transfer size is less than this,
only the needed number of words are transferred.

For BLE read operations (data read from BLE Core from the BLEIF), the THR trigger will activate when the
read FIFO contains FIFORTHR[5:2] words of valid data. If the remaining DMA transfer size is less than the
RTHR words, then the CMDCMP trigger can be enabled to transfer the remaining data. If the CMDCMP
trigger is disabled, and the number of bytes in the read FIFO is greater to or equal to the current
TOTCOUNT, a DMA transfer of TOTCOUNT will be done to complete the DMA operation. Note that this
mode requires that the THR trigger be enabled as well.

The CMDCMP trigger activates when the command is complete, and will transfer the lesser of the
TOTCOUNT or the number of bytes in the read FIFO. Note, this trigger is not needed for write operations,
and the THR trigger should be used in this case. If a read operation is done, and the THR trigger is
disabled, and only the CMDCMP ftrigger is enabled, and the transaction size is greater than the FIFO size
(32 bytes), the module will hang, as there is not trigger to cause a DMA operation, and the logic will pause
the interface until there is room within the read FIFO to store data.

If DMA transfer size is matched to the BLEIF transaction size, it is recommended to program both the
FIFORTHR and FIFOWTHR to 0x10 (16 bytes) and only enable the THR trigger.

6.2.1.2 Command Queue

The BLEIF module can also fetch register write data from SRAM or FLASH, and update the registers as if
the write was performed via the MCU. Register data is stored as a doublet of 2 words. The first word is the
register address offset, word aligned. The second word is the write data value. Once enabled, the
command queue (CQ) will fetch the address, and perform a write to the register If no command is started
by the register write, the next doublet will be fetched by the CQ. If a command is started, the transaction
will run, and the CQ will continue fetching when the module is idle. No pre-fetching is done via the CQ, and
the register write operations are performed in series with the transactions. This allows a predictable path
for execution of commands.

6.3 BLEIF Registers
BLE Interface

INSTANCE 0 BASE ADDRESS:0x5000C000

Registers associated with the BLE Core interface module. The BLEIF module is used to interface with the
embedded BLE Core module and supports read and write transactions to the BLE Core. It also contains
the power sequencing control which will switch the BLEH power to the BLE core when needed. The
registers control the speed of the interface, mode of operation and other parameters for the transaction. It
is recommended to run at 16MHz with a mode of 3 on the SPI interface. Prior to use and access, the BLE
module domain must be powered up through registers within the power control module. Once powered,
the power state machine must be enabled to allow power control of the BLE Core module

DS-A3-1p2p0 Page 190 of 946 ©2022 Ambiq Micro, Inc.
All rights reserved.



Apollo3 Blue SoC Datasheet

6.3.1 Register Memory Map

Table 249: BLEIF Register Map

Address(s) Register Name Description

0x5000C000 FIFO FIFO Access Port

0x5000C100 FIFOPTR FIFO size and remaining slots open values

0x5000C104 FIFOTHR FIFO Threshold Configuration

0x5000C108 FIFOPOP FIFO POP register

0x5000C10C | FIFOPUSH FIFO PUSH register

0x5000C110 FIFOCTRL FIFO Control Register

0x5000C114 FIFOLOC FIFO Pointers

0x5000C200 CLKCFG I/0 Clock Configuration

0x5000C20C CMD Command and offset Register

0x5000C210 CMDRPT Command Repeat Register

0x5000C214 OFFSETHI High order offset bytes

0x5000C218 CMDSTAT Command status

0x5000C220 INTEN IO Master Interrupts: Enable

0x5000C224 INTSTAT IO Master Interrupts: Status

0x5000C228 INTCLR 10 Master Interrupts: Clear

0x5000C22C INTSET 10 Master Interrupts: Set

0x5000C230 DMATRIGEN DMA Trigger Enable Register

0x5000C234 DMATRIGSTAT DMA Trigger Status Register

0x5000C238 DMACFG DMA Configuration Register

0x5000C23C DMATOTCOUNT DMA Total Transfer Count

0x5000C240 DMATARGADDR DMA Target Address Register

0x5000C244 DMASTAT DMA Status Register

0x5000C248 CQCFG Command Queue Configuration Register

0x5000C24C | CQADDR CQ Target Read Address Register

0x5000C250 CQSTAT Command Queue Status Register

0x5000C254 CQFLAGS Command Queue Flag Register

0x5000C258 CQSETCLEAR Command Queue Flag Set/Clear Register

0x5000C25C | CQPAUSEEN Command Queue Pause Enable Register
IOM Command Queue current index value.

0X50000260 | CQCURIDX gonerats he IDYEQ Pause event fo command
queue
IOM Command Queue current index value.

0x5000C264 | CQENDIDX ggn";?:tree?hflnggiiﬁigefﬂofifﬂiﬁg
queue

0x5000C268 STATUS IOM Module Status Register

0x5000C300 MSPICFG SPI module master configuration

0x5000C304 BLECFG BLE Core Control
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Table 249: BLEIF Register Map

Address(s)

Register Name

Description

0x5000C308 PWRCMD

BLE Power command interface

0x5000C30C | BSTATUS

BLE Core status

0x5000C410 BLEDBG

BLEIF Master Debug Register
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6.3.2 BLEIF Registers

6.3.2.1 FIFO Register

FIFO Access Port

OFFSET: 0x00000000

INSTANCE 0 ADDRESS: 0x5000C000

Provides direct random access to both input and output FIFOs. The state of the FIFO is not disturbed by
reading these locations (i.e., no POP will occur). FIFOO is accessible from addresses 0x0 - 0x1C, and is
used for data output from the IOM to external devices. These FIFO locations can be read and written
directly.

Table 250: FIFO Register

-
-
o
o
o
o
o
o
o
o
o
o

3|13(2(2(2|2|2|2|2|2(2(2|1|1]|1]|1]|1 1111
1,0/9|8(7(6(5/4/3|2|1/0(9(8|7|6|5|4|3(2(1/0/9|8|7|6|5[4/3|2|1]|0

FIFO

Table 251: FIFO Register Bits

Bit Name Reset RW Description

31:0 FIFO 0x0 RW FIFO direct access. Only locations 0 - 3F will return valid information.

6.3.2.2 FIFOPTR Register

FIFO size and remaining slots open values
OFFSET: 0x00000100

INSTANCE 0 ADDRESS: 0x5000C100

Provides the current valid byte count of data within the FIFO as seen from the internal state machines.
FIFOO is dedicated to outgoing transactions and FIFO1 is dedicated to incoming transactions. All counts
are specified in units of bytes.

Table 252: FIFOPTR Register

3(2|2(2|2|2|2|2(2|2(2|1[1|1]|1|1 1|1(1/1(0(0|0(0|0[0|0|0|0|O
110/9/8/7(6/5(4|3(2|1/0(9,8(7|6(5|4(3|2|1|(0,9(8|7(6|5[4|3 2|10

-

FIFO1REM FIFO1SIZ FIFOOREM FIFOO0SIZ
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Table 253: FIFOPTR Register Bits

Bit Name Reset RW Description
The number of remaining data bytes slots currently in FIFO 1 (written by
31:24 FIFO1REM 0x0 RO | interface, read by MCU)
The number of valid data bytes currently in FIFO 1 (written by interface,
23:16 FIFO1SIZ 0x0 RO | read by MCU)
The number of remaining data bytes slots currently in FIFO O (written by
15:8 FIFOOREM 0x0 RO | MCU, read by interface)
The number of valid data bytes currently in the FIFO 0 (written by MCU,
7:0 FIFO0SIZ 0x0 RO | read by interface)

6.3.2.3 FIFOTHR Register
FIFO Threshold Configuration

OFFSET: 0x00000104

INSTANCE 0 ADDRESS: 0x5000C104

Sets the threshold values for incoming and outgoing transactions. The threshold values are used to assert
the interrupt if enabled, and also used during DMA to set the transfer size as a result of DMATHR trigger.

Table 254: FIFOTHR Register

3(3|2(2|2[|2]|2 2, 2,2,2{1{1{1{1{1{1{1{1{1;1(0,0;0|{0|0|0|0|0|0]|0O0
110(9|8|7|6|5 3(2|1(0 4/3(2|1(0|9(8|7|6|5|4(3|2[1]|0
[a]
RSVD FIFOWTHR 5) FIFORTHR
o
Table 255: FIFOTHR Register Bits
Bit Name Reset RW Description
31:14 RSVD 0x0 RO RESERVED
FIFO write threshold in bytes. A value of 0 will disable the write FIFO level
from activating the threshold interrupt. If this field is non-zero, it will trigger a
threshold interrupt when the write FIFO contains FIFOWTHR free bytes, as
13:8 FIFOWTHR 0x0 RW | indicated by the FIFOOREM field. This is intended to signal when a transfer
of FIFOWTHR bytes can be done from the host to the IOM write FIFO to
support large IOM write operations.
7:6 RSVD 0x0 RO RESERVED
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Table 255: FIFOTHR Register Bits

Bit Name Reset RW Description
FIFO read threshold in bytes. A value of 0 will disable the read FIFO level
from activating the threshold interrupt. If this field is non-zero, it will trigger a
threshold interrupt when the read FIFO contains FIFORTHR valid bytes of
5:0 FIFORTHR 0x0 RW | data, as indicated by the FIFO1SIZ field. This is intended to signal when a

data transfer of FIFORTHR bytes can be done from the IOM module to the
host via the read FIFO to support large IOM read operations.

6.3.2.4 FIFOPOP Register
FIFO POP register

OFFSET: 0x00000108
INSTANCE 0 ADDRESS: 0x5000C108

Will advance the internal read pointer of the incoming FIFO (FIFO1) when read, if POPWR is not active. If
POPWR is active, a write to this register is needed to advance the internal FIFO pointer.

Table 256: FIFOPOP Register

3 212 |2)|2 2|2 2/1/1{1{1{1{1{1{1{1(1{0{0;0|0|{0|0|0|0 0
1(10 8|7|6|5 3/]2(1|0 4/13|2|1|/0|9|8|7|6|5|4|3|2|1]|0
FIFODOUT
Table 257: FIFOPOP Register Bits

Bit Name Reset RW Description
This register will return the read data indicated by the current read pointer
31:0 FIFODOUT 0x0 RW on reads. If the POPWR control bit in the FIFOCTRL register is reset (0), the

FIFO read pointer will be advanced by one word as a result of the read.

6.3.2.5 FIFOPUSH Register
FIFO PUSH register

OFFSET: 0x0000010C

INSTANCE 0 ADDRESS: 0x5000C10C

Will write new data into the outgoing FIFO and advance the internal write pointer.

Table 258: FIFOPUSH Register

313 2 (2|22 2(2|2(2|1|{1|1}1(1|1(1|1{1|1|,0(0|0f(0|O0[O0|O0|0|0|O
110 8(7|6|5 3(2|1(0 4.3(2|1(0|9(8|7|6|5|4(3|2[1]|0
FIFODIN
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Table 259: FIFOPUSH Register Bits

Bit Name Reset RW Description

This register is used to write the FIFORAM in FIFO mode and will cause a
. push event to occur to the next open slot within the FIFORAM. Writing to
310 FIFODIN 0x0 RW this register will cause the write point to increment by 1 word(4 bytes).

6.3.2.6 FIFOCTRL Register

FIFO Control Register

OFFSET: 0x00000110

INSTANCE 0 ADDRESS: 0x5000C110

Provides controls for the operation of the internal FIFOs. Contains fields used to control the operation of
the POP register, and also controls to reset the internal pointers of the FIFOs.

Table 260: FIFOCTRL Register

-
-
o
o
o
o
o
o
o
o
o

3(3|2(2|2(2|2|2(2|2(2|2(1|1(1]|1]1 1111
8(7|6(5

-
=)
©
©
~
o
3
IS
w
N
-
)
IS
-
©
©
~
o
)
IS
w
N
-
=)

RSVD

FIFORSTN
POPWR

Table 261: FIFOCTRL Register Bits

Bit Name Reset RW Description

31:2 RSVD 0x0 Rro | RESERVED

Active low manual reset of the FIFO. Write to 0 to reset FIFO, and then write
1 FIFORSTN 0x1 RW | to 1 to remove the reset.

Selects the mode in which 'pop' events are done for the FIFO read opera-
tions. A value of '1' will prevent a pop event on a read operation, and will
0 POPWR 0x0 RW require a write to the FIFOPOP register to create a pop event.

6.3.2.7 FIFOLOC Register

FIFO Pointers

OFFSET: 0x00000114

INSTANCE 0 ADDRESS: 0x5000C114

Provides a read only value of the current read and write pointers. This register is read only and can be
used along with the FIFO direct access method to determine the next data to be used for input and output

functions.
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Table 262: FIFOLOC Register

-
-
o
o
o
o
o
o
o
o
o
o

3(3|2(2|2(2|2|2(2|2(2|2(1]|1(1]|1]1 1111
9|8|7|6(5

RSVD RSVD

FIFORPTR
FIFOWPTR

Table 263: FIFOLOC Register Bits

Bit Name Reset RW Description

31:12 RSVD 0x0 Ro | Reserved

Current FIFO read pointer. Used to index into the incoming FIFO (FIFO1),
which is used to store read data returned from external devices during a

11:8 FIFORPTR 0x0 RW )

read operation.
7:4 RSVD 0x0 Ro | Reserved

Current FIFO write pointer. Value is the index into the outgoing FIFO
3:0 FIFOWPTR 0x0 RW | (FIFOO0), which is used during write operations to external devices.

6.3.2.8 CLKCFG Register

I/0 Clock Configuration

OFFSET: 0x00000200

INSTANCE 0 ADDRESS: 0x5000C200

Provides clock related controls used internal to the BLEIF module, and enablement of 32KHz clock to the
BLE Core module. The internal clock sourced is selected via the FSEL and can be further divided by 3
using the DIV3 control.

Table 264: CLKCFG Register

3(3|2(2|2|2|2|2(2|2(2|2(1|1|1(1|1(1|1[1|1|1/0|0(0|0[0|O0O|0|0|O
110(9(8|7(6|5(4|3|2|1|0 7/6|5|4 21 9(8|7(6|5[4|32(1|0
z pd
o |X u
RSVD =Y FSEL RSVD 5
0|y 8

-

) L
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Table 265: CLKCFG Register Bits

Bit

Name

Reset

RW

Description

31:13

RSVD

0x0

RO

RESERVED

12

DIV3

0x0

RW

Enable of the divide by 3 of the source IOCLK.

1

CLK32KEN

0x0

RW

Enable for the 32Khz clock to the BLE module

10:8

FSEL

0x0

RW

Select the input clock frequency.

MIN_PWR = 0x0 - Selects the minimum power clock. This setting should be
used whenever the IOM is not active.

HFRC = 0x1 - Selects the HFRC as the input clock.

HFRC_DIV2 = 0x2 - Selects the HFRC / 2 as the input clock.

HFRC_DIV4 = 0x3 - Selects the HFRC / 4 as the input clock.

HFRC_DIV8 = 0x4 - Selects the HFRC / 8 as the input clock.

HFRC_DIV16 = 0x5 - Selects the HFRC / 16 as the input clock.
HFRC_DIV32 = 0x6 - Selects the HFRC / 32 as the input clock.
HFRC_DIV64 = 0x7 - Selects the HFRC / 64 as the input clock.

71

RSVD

0x0

RO

RESERVED

IOCLKEN

0x0

RW

Enable for the interface clock. Must be enabled prior to executing any 10
operations.

6.3.2.9 CMD Register

Command and offset Register

OFFSET: 0x0000020C
INSTANCE 0 ADDRESS: 0x5000C20C

Writes to this register will start an 1O transaction, as well as set various parameters for the command itself.
Reads will return the command value written to the CMD register.

Table 266: CMD Register

3(2|2(2)|2 222 111111 (1{1(1|j1(1|0;0(00(0|0O(O0|O0[O0]|0O
1109 (8|7|6 3(2]1 9(8|7(6|5(4|3[2(1|0(9|8[7|6|5(43(2|1(0
< =
g | 2 AR:
OFFSETLO > 8 TSIZE Z| W CMD
% Q| »
%) = O
4 o w
O
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Table 267: CMD Register Bits

Bit Name Reset RW Description
This register holds the low order byte of offset to be used in the transaction.
. The number of offset bytes to use is set with bits 1:0 of the command. Offset
31:24 OFFSETLO 00 RW bytes are transferred starting from the highest byte first.
23:22 RSRVD54 0x0 Ro | Reserved
21:20 CMDSEL 0x0 RW Command Specific selection information
Defines the transaction size in bytes. The offset transfer is not included in
19:8 TSIZE 0x0 RW | this size.
Continue to hold the bus after the current transaction if set to a 1 with a new
7 CONT 0x0 RW | command issued.
Number of offset bytes to use for the command - 0, 1, 2, 3 are valid selec-
tions. The second (byte 1) and third byte (byte 2) are read from the
6:5 OFFSETCNT 0x0 RW | OFFSETHI register, and the low order byte is pulled from this register in the
OFFSETLO field.
Command for submodule.
. WRITE = 0x1 - Write command using count of offset bytes specified in the
40 CMD 0x0 RW OFFSETCNT field
READ = 0x2 - Read command using count of offset bytes specified in the
OFFSETCNT field

6.3.2.10 CMDRPT Register
Command Repeat Register

OFFSET: 0x00000210

INSTANCE 0 ADDRESS: 0x5000C210

Will repeat the next command for CMDRPT number of times. If CMDRPT is set to 1, the next command will
be done 2 times in series. A repeat count of up to 31 is possible. Each command will be done as a
separate command, but the data will

Table 268: CMDRPT Register

3(3|2(2|2|2|2|2(2|2(2|2(1|1|1(1|1(1|1(1|1|1|0|0(0|O0(0|O0[O0]|0O 0

110/9/8|7|6|5(4|3(2|1/0|9,8(7|6(5|4(3|2|{1|(0|9(8|7(6|5[4|3|2(1]|0
RSVD CMDRPT
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Table 269: CMDRPT Register Bits

Bit Name Reset RW Description

31:5 RSVD 0x0 RO | RESERVED

4:0 CMDRPT 0x0 RW Count of number of times to repeat the next command.

6.3.2.11 OFFSETHI Register

High order offset bytes

OFFSET: 0x00000214

INSTANCE 0 ADDRESS: 0x5000C214

Provides the high order bytes of 2 or 3 byte offset transactions of the current command. Usage of these
bytes is dependent on the OFFSETCNT field in the CMD register. If the OFFSETCNT == 3, the data
located at OFFSETHI[15:0] will first be transmitted.

Table 270: OFFSETHI Register

3(3|2(2|2|2|2|2(2|2(2|2{1|1}(1|1|1(1|1(1]|1[{1|]0]|0|0|O0f(0|O0O(O0|O0 0|0
110/9(8|7(6|5(4|3[2|1|0 4 1 9(8|7(6|5[4|3/2(1|0
RSVD OFFSETHI

Table 271: OFFSETHI Register Bits

Bit Name Reset RW Description

31:16 RSVD 0x0 Ro | Reserved

15:0 OFFSETHI 0x0 RW Holds the high order bytes of the 2 or 3 byte offset phase of a transaction.

6.3.2.12 CMDSTAT Register
Command status

OFFSET: 0x00000218

INSTANCE 0 ADDRESS: 0x5000C218

Provides status on the execution of the command currently in progress. The fields in this register will reflect
the real time status of the internal state machines and data transfers within the IOM.
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Table 272: CMDSTAT Register

3(3|2(2|2|2|2|2(2|2|2|2{(1|1|1|1|1(1|1(1]|1[1|]0|0|0|O0OfO0O|O0O(O0|O0 0|0
110(9(8|7(6|5(4|3|2|1|0 4.3(2|1(0|9(8|7|6|5|4(3|2[1]|0
<
RSRVDO CTSIZE Cg CCMD
=
O
Table 273: CMDSTAT Register Bits
Bit Name Reset RW Description
31:20 RSRVDO 0x0 Ro | Reserved
The current number of bytes still to be transferred with this command. This
19:8 CTSIZE 0x0 RO | field will count down to zero.
The current status of the command execution.
. ERR = 0x1 - Error encountered with command
79 CMDSTAT 0x0 RO ACTIVE = 0x2 - Actively processing command
IDLE = 0x4 - Idle state, no active command, no error
WAIT = 0x6 - Command in progress, but waiting on data from host
4:0 CCMD 0x0 RO current command that is being executed

6.3.2.13 INTEN Register

10 Master Interrupts: Enable
OFFSET: 0x00000220
INSTANCE 0 ADDRESS: 0x5000C220
Set bits in this register to allow this module to generate the corresponding interrupt.

Table 274: INTEN Register

3(3|2(2|2|2|2|2(2|2(2|2{1|1|(1|1|1(1|1(1|1[{1|]0|0(0|O0OfO0|O0O(O0|O0 0|0
110(9|8|7(6|5(4|3[2|1]0|9 8 54 110(9(8|7(6|5(4|3(2|1|0
Z W o) =
o> w e — o
== xr o = = | =
= | W n|x o X |n L =
RSVD 21012 E5(2(%|12|%|0/2|8(2|5(2|%|5
U)<2000_080UJ9$N03'—§
§§NOOO w | oL |7
N Y m = |0 O
o |m (&) m
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Table 275: INTEN Register Bits

Bit

Name

Reset

RW

Description

31:17

RSVD

0x0

RO

RESERVED

16

B2MSHUTDN

0x0

RW

Revision A: The B2M_STATE from the BLE Core transitioned into shutdown
state Revision B: Falling BLE Core Status signal. Asserted when the
BLE_STATUS signal from the BLE Core is deasserted (1 -> 0)

15

B2MACTIVE

0x0

RW

Revision A: The B2M_STATE from the BLE Core transitioned into the active
state Revision B: Falling BLE Core IRQ signal. Asserted when the
BLE_IRQ signal from the BLE Core is deasserted (1 -> 0)

14

B2MSLEEP

0x0

RW

The B2M_STATE from the BLE Core transitioned into the sleep state

13

CQERR

0x0

RW

Command queue error during processing. When an error occurs, the sys-
tem will stop processing and halt operations to allow software to take recov-
ery actions

12

CQUPD

0x0

RW

Command queue write operation executed a register write with the register
address bit 0 set to 1. The low address bits in the CQ address fields are
unused and bit 0 can be used to trigger an interrupt to indicate when this
register write is performed by the CQ operation.

1

CQPAUSED

0x0

RW

Command queue is paused due to an active event enabled in the PAU-
SEEN register. The interrupt is posted when the event is enabled within the
PAUSEEN register, the mask is active in the CQIRQMASK field and the
event occurs.

10

DERR

0x0

RW

DMA Error encountered during the processing of the DMA command. The
DMA error could occur when the memory access specified in the DMA oper-
ation is not available or incorrectly specified.

DCMP

0x0

RW

DMA Complete. Processing of the DMA operation has completed and the
DMA submodule is returned into the idle state

BLECSSTAT

0x0

RW

BLE Core SPI Status interrupt. Asserted when the SPI_STATUS signal from
the BLE Core is asserted, indicating that SPI writes can be done to the BLE
Core.

BLECIRQ

0x0

RW

BLE Core IRQ signal. Asserted when the BLE_IRQ signal from the BLE
Core is asserted, indicating the availability of read data from the BLE Core.

ICMD

0x0

RW

illegal command interrupt. Asserted when a command is written when an
active command is in progress.

IACC

0x0

RW

illegal FIFO access interrupt. Asserted when there is a overflow or under-
flow event

B2MST

0x0

RW

B2M State change interrupt. Asserted on any change in the B2M_STATE
signal from the BLE Core.
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Table 275: INTEN Register Bits

Bit Name Reset RW Description
Write FIFO Overflow interrupt. This occurs when software tries to write to a
3 FOVFL 0x0 RW | full FIFO. The current operation does not stop.
Read FIFO Underflow interrupt. Asserted when a pop operation is done to a
2 FUNDFL 0x0 RW | empty read FIFO.
FIFO Threshold interrupt. For write operations, asserted when the number
1 THR 0x0 RW | of free bytes in the write FIFO equals or exceeds the WTHR field.
Command Complete interrupt. Asserted when the current operation has
0 CMDCMP 0x0 RW gompleted. For repeateq commands, this will only be asserted when the
final repeated command is completed.

6.3.2.14 INTSTAT Register
I0 Master Interrupts: Status

OFFSET: 0x00000224
INSTANCE 0 ADDRESS: 0x5000C224

Read bits from this register to discover the cause of a recent interrupt.

Table 276: INTSTAT Register

3(3|2(2|2(2|2|2|2)|2 2(1|1(1|1{1(1;1(1|1(1|j0(0|0|0f(0O|O0O(O0O|O0O[O0]|O
110(9|8|7|6|5(4|3|2 0 5|4 110(9|8 |7 5 3(2|1(0
Z |w o [a) =
01> W w e} 1 o
= | = x| o = = | =
= (W 0| L X ino|lo w =
RSVD 20lall|3(2(%5|12|2|c|2|2|8|5(2|F|8
UJEEOOQ_OQBLHL_)i(NODI—E
= 5|8 |99|a | ] R (&}
D lm @ &) o
Table 277: INTSTAT Register Bits
Bit Name Reset RW Description
31:17 RSVD 0x0 RO RESERVED
Revision A: The B2M_STATE from the BLE Core transitioned into shutdown
state Revision B: Falling BLE Core Status signal. Asserted when the
16 B2MSHUTDN 00 RW BLE_STATUS signal from the BLE Core is deasserted (1 ->0)
Revision A: The B2M_STATE from the BLE Core transitioned into the active
state Revision B: Falling BLE Core IRQ signal. Asserted when the
s B2MACTIVE 0x0 RW BLE_IRQ signal from the BLE Core is deasserted (1 -> 0)
14 B2MSLEEP 0x0 RW The B2M_STATE from the BLE Core transitioned into the sleep state
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Table 277: INTSTAT Register Bits

Bit

Name

Reset

RW

Description

13

CQERR

0x0

RW

Command queue error during processing. When an error occurs, the sys-
tem will stop processing and halt operations to allow software to take recov-
ery actions

12

CQUPD

0x0

RW

Command queue write operation executed a register write with the register
address bit 0 set to 1. The low address bits in the CQ address fields are
unused and bit 0 can be used to trigger an interrupt to indicate when this
register write is performed by the CQ operation.

1

CQPAUSED

0x0

RW

Command queue is paused due to an active event enabled in the PAU-
SEEN register. The interrupt is posted when the event is enabled within the
PAUSEEN register, the mask is active in the CQIRQMASK field and the
event occurs.

10

DERR

0x0

RW

DMA Error encountered during the processing of the DMA command. The
DMA error could occur when the memory access specified in the DMA oper-
ation is not available or incorrectly specified.

DCMP

0x0

RW

DMA Complete. Processing of the DMA operation has completed and the
DMA submodule is returned into the idle state

BLECSSTAT

0x0

RW

BLE Core SPI Status interrupt. Asserted when the SPI_STATUS signal from
the BLE Core is asserted, indicating that SPI writes can be done to the BLE
Core.

BLECIRQ

0x0

RW

BLE Core IRQ signal. Asserted when the BLE_IRQ signal from the BLE
Core is asserted, indicating the availability of read data from the BLE Core.

ICMD

0x0

RW

illegal command interrupt. Asserted when a command is written when an
active command is in progress.

IACC

0x0

RW

illegal FIFO access interrupt. Asserted when there is a overflow or under-
flow event

B2MST

0x0

RW

B2M State change interrupt. Asserted on any change in the B2M_STATE
signal from the BLE Core.

FOVFL

0x0

RW

Write FIFO Overflow interrupt. This occurs when software tries to write to a
full FIFO. The current operation does not stop.

FUNDFL

0x0

RW

Read FIFO Underflow interrupt. Asserted when a pop operation is done to a
empty read FIFO.

THR

0x0

RW

FIFO Threshold interrupt. For write operations, asserted when the number
of free bytes in the write FIFO equals or exceeds the WTHR field.

CMDCMP

0x0

RW

Command Complete interrupt. Asserted when the current operation has
completed. For repeated commands, this will only be asserted when the
final repeated command is completed.
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6.3.2.15 INTCLR Register

I0 Master Interrupts: Clear
OFFSET: 0x00000228

INSTANCE 0 ADDRESS: 0x5000C228

Write a 1 to a bit in this register to clear the interrupt status associated with that bit.

Table 278: INTCLR Register
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RSVD

B2MSHUTDN
B2MACTIVE
B2MSLEEP
CQERR
CQUPD
CQPAUSED
DERR
DCMP
BLECSSTAT
BLECIRQ
ICMD
IACC
B2MST
FOVFL
FUNDFL
THR
CMDCMP

Table 279: INTCLR Register Bits

Bit

Name

Reset

RW

Description

31:17

RSVD

0x0

RO

RESERVED

16

B2MSHUTDN

0x0

RW

Revision A: The B2M_STATE from the BLE Core transitioned into shutdown
state Revision B: Falling BLE Core Status signal. Asserted when the
BLE_STATUS signal from the BLE Core is deasserted (1 -> 0)

15

B2MACTIVE

0x0

RW

Revision A: The B2M_STATE from the BLE Core transitioned into the active
state Revision B: Falling BLE Core IRQ signal. Asserted when the
BLE_IRQ signal from the BLE Core is deasserted (1 -> 0)

14

B2MSLEEP

0x0

RW

The B2M_STATE from the BLE Core transitioned into the sleep state

13

CQERR

0x0

RW

Command queue error during processing. When an error occurs, the sys-
tem will stop processing and halt operations to allow software to take recov-
ery actions

12

CQUPD

0x0

RW

Command queue write operation executed a register write with the register
address bit 0 set to 1. The low address bits in the CQ address fields are
unused and bit 0 can be used to trigger an interrupt to indicate when this
register write is performed by the CQ operation.

1

CQPAUSED

0x0

RW

Command queue is paused due to an active event enabled in the PAU-
SEEN register. The interrupt is posted when the event is enabled within the
PAUSEEN register, the mask is active in the CQIRQMASK field and the
event occurs.

10

DERR

0x0

RW

DMA Error encountered during the processing of the DMA command. The
DMA error could occur when the memory access specified in the DMA oper-
ation is not available or incorrectly specified.
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Table 279: INTCLR Register Bits

Bit Name Reset RW Description

DMA Complete. Processing of the DMA operation has completed and the
9 DCMP 0x0 RW | DMA submodule is returned into the idle state

BLE Core SPI Status interrupt. Asserted when the SPI_STATUS signal from
8 BLECSSTAT 0x0 RW tcr;erLE Core is asserted, indicating that SPI writes can be done to the BLE

BLE Core IRQ signal. Asserted when the BLE_IRQ signal from the BLE
7 BLECIRQ 0x0 RW | Core is asserted, indicating the availability of read data from the BLE Core.

illegal command interrupt. Asserted when a command is written when an
6 ICMD 0x0 RW | active command is in progress.

illegal FIFO access interrupt. Asserted when there is a overflow or under-
5 IACC 0x0 RW | flow event

B2M State change interrupt. Asserted on any change in the B2M_STATE
4 B2MST 0x0 RW | signal from the BLE Core.

Write FIFO Overflow interrupt. This occurs when software tries to write to a
3 FOVFL 0x0 RW | full FIFO. The current operation does not stop.

Read FIFO Underflow interrupt. Asserted when a pop operation is done to a
2 FUNDFL 0x0 RW | empty read FIFO.

FIFO Threshold interrupt. For write operations, asserted when the number
1 THR 0x0 RW | of free bytes in the write FIFO equals or exceeds the WTHR field.

Command Complete interrupt. Asserted when the current operation has
0 CMDCMP 0x0 RW c_ompleted. For repeated_ commands, this will only be asserted when the

final repeated command is completed.

6.3.2.16 INTSET Register

10 Master Interrupts: Set

OFFSET: 0x0000022C

INSTANCE 0 ADDRESS: 0x5000C22C

Write a 1 to a bit in this register to instantly generate an interrupt from this module. (Generally used for
testing purposes).
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Table 280:

INTSET Register
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RSVD

B2MSLEEP
CQERR
CQUPD

CQPAUSED

DERR
DCMP
BLECSSTAT
BLECIRQ
ICMD
IACC
B2MST
FOVFL
FUNDFL
THR
CMDCMP

B2MSHUTDN
B2MACTIVE

Table 281: INTSET Register Bits

Bit

Name

Reset

RW

Description

31:17

RSVD

0x0

RO

RESERVED

16

B2MSHUTDN

0x0

RW

Revision A: The B2M_STATE from the BLE Core transitioned into shutdown
state Revision B: Falling BLE Core Status signal. Asserted when the
BLE_STATUS signal from the BLE Core is deasserted (1 -> 0)

15

B2MACTIVE

0x0

RW

Revision A: The B2M_STATE from the BLE Core transitioned into the active
state Revision B: Falling BLE Core IRQ signal. Asserted when the
BLE_IRQ signal from the BLE Core is deasserted (1 -> 0)

14

B2MSLEEP

0x0

RW

The B2M_STATE from the BLE Core transitioned into the sleep state

13

CQERR

0x0

RW

Command queue error during processing. When an error occurs, the sys-
tem will stop processing and halt operations to allow software to take recov-
ery actions

12

CQUPD

0x0

RW

Command queue write operation executed a register write with the register
address bit 0 set to 1. The low address bits in the CQ address fields are
unused and bit 0 can be used to trigger an interrupt to indicate when this
register write is performed by the CQ operation.

1"

CQPAUSED

0x0

RW

Command queue is paused due to an active event enabled in the PAU-
SEEN register. The interrupt is posted when the event is enabled within the
PAUSEEN register, the mask is active in the CQIRQMASK field and the
event occurs.

10

DERR

0x0

RW

DMA Error encountered during the processing of the DMA command. The
DMA error could occur when the memory access specified in the DMA oper-
ation is not available or incorrectly specified.

DCMP

0x0

RW

DMA Complete. Processing of the DMA operation has completed and the
DMA submodule is returned into the idle state

BLECSSTAT

0x0

RW

BLE Core SPI Status interrupt. Asserted when the SPI_STATUS signal from
the BLE Core is asserted, indicating that SPI writes can be done to the BLE
Core.
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Table 281: INTSET Register Bits

Bit Name Reset RW Description

BLE Core IRQ signal. Asserted when the BLE_IRQ signal from the BLE
7 BLECIRQ 0x0 RW | Core is asserted, indicating the availability of read data from the BLE Core.

illegal command interrupt. Asserted when a command is written when an
6 ICMD 0x0 RW | active command is in progress.

illegal FIFO access interrupt. Asserted when there is a overflow or under-
5 IACC 0x0 RW | flow event

B2M State change interrupt. Asserted on any change in the B2M_STATE
4 B2MST 0x0 RW | signal from the BLE Core.

Write FIFO Overflow interrupt. This occurs when software tries to write to a
3 FOVFL 0x0 RW | full FIFO. The current operation does not stop.

Read FIFO Underflow interrupt. Asserted when a pop operation is done to a
2 FUNDFL 0x0 RW | empty read FIFO.

FIFO Threshold interrupt. For write operations, asserted when the number
1 THR 0x0 RW | of free bytes in the write FIFO equals or exceeds the WTHR field.

Command Complete interrupt. Asserted when the current operation has
0 CMDCMP 0x0 RW C:ompleted. For repeateq commands, this will only be asserted when the

final repeated command is completed.

6.3.2.17 DMATRIGEN Register
DMA Trigger Enable Register

OFFSET: 0x00000230

INSTANCE 0 ADDRESS: 0x5000C230

Provides control on which event will trigger the DMA transfer after the DMA operation is setup and
enabled. The trigger event will cause a number of bytes (depending on trigger event) to be

Table 282: DMATRIGEN Register

111111
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RSVD

DTHREN
DCMDCMPEN
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Table 283:

DMATRIGEN Register Bits

Bit

Name

Reset

RW

Description

31:2

RSVD

0x0

RO

RESERVED.

DTHREN

0x0

RW

Trigger DMA upon THR level reached. For M2P DMA operations (IOM
writes), the trigger will assert when the write FIFO has (WTHR/4) number of
words free in the write FIFO, and will transfer (WTHR/4) number of words

0 DCMDCMPEN

0x0

RW

Trigger DMA upon command complete. Enables the trigger of the DMA
when a command is completed. When this event is triggered, the number of
words transferred will be the lesser of the remaining TOTCOUNT bytes, or
the number of bytes in the FIFO when the command completed. If this is
disabled, and the number of bytes in the FIFO is equal or greater than the
TOTCOUNT bytes, a transfer of TOTCOUNT bytes will be done to ensure
read data is stored when the DMA is completed.

6.3.2.18 DMATRIGSTAT Register
DMA Trigger Status Register
OFFSET: 0x00000234
INSTANCE 0 ADDRESS: 0x5000C234

Provides the status of trigger events that have occurred for the transaction. Some of the bits are read only
and some can be reset via a write of 0.

Table 284: DMATRIGSTAT Register

3(2|2(2|2]|2 22 2(1|1(1|1{1(1;1(1|1(1|0[{0|0|0(0|0|0O 0
1/0(9(8(7(6(5 3]2{1(]0(9,8|7|6|5[4|3|2|{1/0|9,8|7|6|5|4|3|2|1]|0
o
A=
o|%|0
RSVD = E a
o153
ol |8
Table 285: DMATRIGSTAT Register Bits
Bit Name Reset RW Description
313 RSVD 0x0 Ro | RESERVED.
DMA triggered when DCMDCMP = 0, and the amount of data in the FIFO
was enough to complete the DMA operation (greater than or equal to cur-
2 DTOTCMP 0x0 RO | rent TOTCOUNT) when the command completed. This trigger is default
active when the DCMDCMP ftrigger is
Triggered DMA from THR event. Bit is read only and can be cleared by dis-
1 DTHR 0x0 RO | abling the DTHR trigger enable or by disabling DMA.
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Table 285: DMATRIGSTAT Register Bits

Bit Name Reset RW Description

Triggered DMA from Command complete event. Bit is read only and can be
0 DCMDCMP 0x0 RO | cleared by disabling the DCMDCMP trigger enable or by disabling DMA.

6.3.2.19 DMACFG Register

DMA Configuration Register
OFFSET: 0x00000238

INSTANCE 0 ADDRESS: 0x5000C238

Configuration control of the DMA process, including the direction of DMA, and enablement of DMA

Table 286: DMACFG Register
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Table 287: DMACFG Register Bits
Bit Name Reset RW Description
319 RSVD 0x0 Ro | RESERVED.
Sets the Priority of the DMA request
8 DMAPRI 0x0 RW LOW = 0x0 - Low Priority (service as best effort)
HIGH = 0x1 - High Priority (service immediately)
7:2 RSVD 0x0 Ro | RESERVED.
Direction
1 DMADIR 0x0 RW P2'M = 0x0 - Perlpher'al to 'Memory'(SRAM) transaction. To pe set when
doing IOM read operations, i.e., reading data from external devices.
M2P = 0x1 - Memory to Peripheral transaction. To be set when doing IOM
write operations, i.e., writing data to external devices.
DMA Enable. Setting this bit to EN will start the DMA operation. This should
be the last DMA related register set prior to issuing the command
0 DMAEN 0x0 RW
DIS = 0x0 - Disable DMA Function
EN = 0x1 - Enable DMA Function

6.3.2.20 DMATOTCOUNT Register
DMA Total Transfer Count
OFFSET: 0x0000023C
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INSTANCE 0 ADDRESS: 0x5000C23C

Contains the number of bytes to be transferred for this DMA transaction. This register is decremented as
the data is transferred, and will be 0 at the completion of the DMA operation.

Table 288: DMATOTCOUNT Register

-

3(3|2(2|2(2|2|2(2|2(2|2(1|1(1]|1]1 1|1(1/1(0(0|0(0|0[0|0|0|0|O
110/9/8/7(6/5(4|3({2|1/0|9,8(7|6(5|4(3|2|1|(0,9(8|7(6|5[4|3 2|10

RSRVDD TOTCOUNT

Table 289: DMATOTCOUNT Register Bits

Bit Name Reset RW Description

31:12 RSRVDD 0x0 RO Reserved

Triggered DMA from Command complete event occurred. Bit is read only

10 TOTCOUNT 0x0 RW 'El)r:\jAcan be cleared by disabling the DTHR trigger enable or by disabling

6.3.2.21 DMATARGADDR Register
DMA Target Address Register
OFFSET: 0x00000240

INSTANCE 0 ADDRESS: 0x5000C240

The source or destination address internal the SRAM for the DMA data. For write operations, this can only
be SRAM data (ADDR bit 28 = 1); For read operations, this can be either SRAM or FLASH (ADDR bit 28 =

0)

Table 290: DMATARGADDR Register
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Table 291: DMATARGADDR Register Bits
Bit Name Reset RW Description
31:29 RSVD 0x0 Ro | Reserved
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Table 291: DMATARGADDR Register Bits

Bit Name Reset RW Description
Bit 28 of the target byte address for source of DMA (either read or write). In

8 TARGADDR28 0x0 RW cases. of non-word aligned addresses, t.he DMA logic will take care for
ensuring only the target bytes are read/written.

27:21 RSVD 0x0 Ro | Reserved
Bits [19:0] of the target byte address for source of DMA (either read or
write). The address can be any byte alignment, and does not have to be

20:0 TARGADDR 0x0 RW | word aligned. In cases of non-word aligned addresses, the DMA logic will
take care for ensuring only the target bytes are read/written.

6.3.2.22 DMASTAT Register
DMA Status Register
OFFSET: 0x00000244
INSTANCE 0 ADDRESS: 0x5000C244

Status of the DMA operation currently in progress.

Table 292: DMASTAT Register

313 2 (2|22 2(2|2(2|1|{1(1}1(1|1(1|1{1|1,]0(0|0(0|0[0|O0|0|0]|O
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Table 293: DMASTAT Register Bits
Bit Name Reset RW Description
313 RSVD 0x0 Ro | RESERVED.
DMA Error. This active high bit signals that an error was encountered during
2 DMAERR 0x0 RW | the DMA operation.
DMA Transfer Complete. This signals the end of the DMA operation. This bit
1 DMACPL 0x0 RW | can be cleared by writing to 0.
DMA Transfer In Progress indicator. 1 will indicate that a DMA transfer is
0 DMATIP 0x0 RO .act|ve. Tr)e.DMAtransfermay be waiting on data, transferring data, or wait-
ing for priority.
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6.3.2.23 CQCFG Register

Command Queue Configuration Register

OFFSET: 0x00000248

INSTANCE 0 ADDRESS: 0x5000C248

Controls parameters and options for execution of the command queue operation. To enable command
queue, create this in memory, set the address, and enable it with a write to CQEN

Table 294: CQCFG Register

3(13|2 2|2 2 2{1/1/1{1{1{1{1(1;(1(1,0{0{0|0|0|0|0|0|0]|0
1/0(9 7|6 2 0/9/8|7/6|5/{4|3|2|{1/0(9|8|7|6|5|4|3|2|1]|0
Tz
w
RSVD % o)
OO
Table 295: CQCFG Register Bits
Bit Name Reset RW Description
31:2 RSVD 0x0 RO RESERVED.
Sets the Priority of the command queue DMA request.
! CQPRI 0x0 RW 1| oW = 0x0 - Low Priority (service as best effort)
HIGH = 0x1 - High Priority (service immediately)
Command queue enable. When set, will enable the processing of the com-
mand queue and fetches of address/data pairs will proceed from the word
0 CQEN 0x0 RW address within the CQADDR register. Can be disabled
DIS = 0x0 - Disable CQ Function
EN = 0x1 - Enable CQ Function

6.3.2.24 CQADDR Register
CQ Target Read Address Register

OFFSET: 0x0000024C

INSTANCE 0 ADDRESS: 0x5000C24C

The SRAM address which will be fetched next execution of the CQ operation. This register is updated as
the CQ operation progresses, and is the live version of the register. The register can also be
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Table 296: CQADDR Register
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Table 297: CQADDR Register Bits
Bit Name Reset RW Description
31:29 RSRVD2 0x0 Ro | Reserved
Bit 28 of target byte address for source of CQ (read only). Used to denote
28 CQADDR28 0x0 RW | Flash (0) or SRAM (1) access
27:21 RSRVD1 0x0 Ro | Reserved
Bits 19:2 of target byte address for source of CQ (read only). The buffer
20:2 CQADDR 0x0 RW | must be aligned on a word boundary
1:0 RSRVDO 0x0 Ro | Reserved

6.3.2.25 CQSTAT Register
Command Queue Status Register
OFFSET: 0x00000250

INSTANCE 0 ADDRESS: 0x5000C250

Provides the status of the command queue operation. If the command queue is disabled, these bits will be
cleared. The bits are read only

Table 298: CQSTAT Register
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Table 299: CQSTAT Register Bits

Bit Name Reset RW Description
313 RSVD 0x0 Ro | RESERVED.
Command queue processing error. This active high bit signals that an error
2 CQERR 0x0 RW | was encountered during the CQ operation.
Command queue operation is currently paused.
1 CQPAUSED 0x0 RO
Command queue Transfer In Progress indicator. 1 will indicate that a CQ
0 caTiP 0x0 RO transfer is active and this will remain active even when paused waiting for
external event.

6.3.2.26 CQFLAGS Register
Command Queue Flag Register
OFFSET: 0x00000254

INSTANCE 0 ADDRESS: 0x5000C254

Provides the current status of the SWFLAGS (bits 7:0) and the hardware generated flags (15:8). A'1" will
pause the CQ operation if it the same bit is enabled in the CQPAUSEEN register

Table 300: CQFLAGS Register

313 2(2|2(2|2|2|2|2(2|1(1|1{1|1|1|1|1(1|1(0|0[0|0|O0O|O0O|O0O|O0|O0|0O
110 8|7|6|5{4(3|2|1|0 4 1 9876|543 |2|1|0
CQIRQMASK CQFLAGS
Table 301: CQFLAGS Register Bits

Bit Name Reset RW Description
Provides for a per-bit mask of the flags used to invoke an interrupt. A'1" in
. the bit position will enable the pause event to trigger the interrupt, if the
31:16 CQIRQMASK 0x0 RW CQWT_int interrupt is enabled.
Current flag status (read-only). Bits [7:0] are software controllable and bits
15:0 CQFLAGS 0x0 RO | [15:8] are hardware status.

6.3.2.27 CQSETCLEAR Register
Command Queue Flag Set/Clear Register
OFFSET: 0x00000258
INSTANCE 0 ADDRESS: 0x5000C258
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Set/Clear the command queue software pause flags on a per-bit basis. Contains 3 fields, allowing for
setting, clearing or toggling the value in the software flags. Priority when the same bit

Table 302: CQSETCLEAR Register

3(2|2(2|2|2|2|2(2|2(2|1[1|1]|1|1 1|1(1/1(0(0|0(0|0[0|0|0|0|O
110/9/8/7(6/5(4|3({2|1/0|9,8(7|6(5|4(3|2|1/0,9(8|7(6|5[4|3 2|10

-

RSVD CQFCLR CQFTGL CQFSET

Table 303: CQSETCLEAR Register Bits

Bit Name Reset RW Description

31:24 RSVD 0x0 Ro | Reserved

Clear CQFlag status bits. Will clear to 0 any SWFLAG with a '1"in the corre-
23:16 CQFCLR 0x0 WO | sponding bit position of this field

Toggle the indicated bit. Will toggle the value of any SWFLAG with a '1" in
15:8 CQFTGL 0x0 WO | the corresponding bit position of this field

Set CQFlag status bits. Will set to 1 the value of any SWFLAG with a '1' in
7:0 CQFSET 0x0 WO | the corresponding bit position of this field

6.3.2.28 CQPAUSEEN Register
Command Queue Pause Enable Register
OFFSET: 0x0000025C

INSTANCE 0 ADDRESS: 0x5000C25C

Enables a flag to pause an active command queue operation. If a bit is '1' and the corresponding bit in the
CQFLAG register is "1', CQ processing will halt until either value is changed to '0'.

Table 304: CQPAUSEEN Register

3|13(2(2(2|2|2|2|2|2(2(2|1|1]|1]|1]|1

-

1/1|1|1/0(0(0j0|0|0|O0O|O0O(O0(DO

Table 305: CQPAUSEEN Register Bits

Bit Name Reset RW Description
31:16 RSVD 0x0 Ro | Reserved
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Table 305:

CQPAUSEEN Register Bits

Bit

Name

Reset

RW

Description

15:0

CQPEN

0x0

RW

Enables the specified event to pause command processing when active

CNTEQ = 0x8000 - Pauses command queue processing when HWCNT
matches SWCNT

BLEXOREN = 0x4000 - Pause command queue when input BLE bit XORed
with SWFLAG4 is '1'

IOMXOREN = 0x2000 - Pause command queue when input IOM bit XORed
with SWFLAG3 is '1'

GPIOXOREN = 0x1000 - Pause command queue when input GPIO irg_bit
XORed with SWFLAG2 is '1'

MSPI1XNOREN = 0x800 - Pause command queue when input MSPI1 bit
XNORed with SWFLAG1 is '1'

MSPIOXNOREN = 0x400 - Pause command queue when input MSPIO bit
XNORed with SWFLAGO is '1'

MSPI1XOREN = 0x200 - Pause command queue when input MSPI1 bit
XORed with SWFLAG1 is '1'

MSPIOXOREN = 0x100 - Pause command queue when input MSPIO bit
XORed with SWFLAGO is '1'

SWFLAGENY7 = 0x80 - Pause the command queue when software flag bit 7
is'1'.

SWFLAGENSG = 0x40 - Pause the command queue when software flag bit 7
is'1'

SWFLAGENS5 = 0x20 - Pause the command queue when software flag bit 7
is'1'

SWFLAGEN4 = 0x10 - Pause the command queue when software flag bit 7
is'1'

SWFLAGENS3 = 0x8 - Pause the command queue when software flag bit 7
is'1'

SWFLAGEN2 = 0x4 - Pause the command queue when software flag bit 7
is'1'

SWFLAGEN1 = 0x2 - Pause the command queue when software flag bit 7
is'1'

SWFLGENO = 0x1 - Pause the command queue when software flag bit 7 is
"

6.3.2.29 CQCURIDX Register

IOM Command Queue current index value. Compared to the CQENDIDX reg contents to generate
the IDXEQ Pause event for command queue

OFFSET: 0x00000260
INSTANCE 0 ADDRESS: 0x5000C260

Current index value, targeted to be written by register write operations within the command queue. This is
compared to the CQENDIDX and will stop the CQ operation if bit 15 of the CQPAUSEEN is "1' and

Table 306: CQCURIDX Register

3(3|2 2|2 2|2 2/1(1|{1(1|1(1|1{1(1;1(0|0f0|j0O|0|O0O|O0O|O|OfO

1109 706 3|2 0 4 1 9(8|7(6|5[4|32(1|0
RSVD CQCURIDX
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Table 307: CQCURIDX Register Bits

Bit Name Reset RW Description

318 RSVD 0x0 Ro | RESERVED
Holds 8 bits of data that will be compared with the CQENDIX register field. If
the values match, the IDXEQ pause event will be activated, which will cause

7:0 CQCURIDX 0x0 RW | the pausing of command queue operation if the IDXEQ bit is enabled in
CQPAUSEEN.

6.3.2.30 CQENDIDX Register

IOM Command Queue current index value. Compared to the CQCURIDX reg contents to generate
the IDXEQ Pause event for command queue

OFFSET: 0x00000264
INSTANCE 0 ADDRESS: 0x5000C264

End index value, targeted to be written by software to indicate the last valid register pair contained within
the command queue for register write operations within the command queue.

Table 308: CQENDIDX Register

3 2|12 (2|2 2|2 2|1(1(1(1}1}1|1|1|1(1(0j0|0|0|0|O0|O0|O 0
110 8|7|6|5 3/!2(1(0(9|8|7|6|5|/4(3(2(1|0|9|8|7|6|5[4[3|2|1]|0
RSVD CQENDIDX
Table 309: CQENDIDX Register Bits
Bit Name Reset RW Description
31:8 RSVD 0x0 RO RESERVED
Holds 8 bits of data that will be compared with the CQCURIX register field. If
the values match, the IDXEQ pause event will be activated, which will cause
7:0 CQENDIDX 0x0 RW | the pausing of command queue operation if the IDXEQ bit is enabled in
CQPAUSEEN.

6.3.2.31 STATUS Register
IOM Module Status Register
OFFSET: 0x00000268
INSTANCE 0 ADDRESS: 0x5000C268

General status of the IOM module command execution.

DS-A3-1p2p0

Page 218 of 946 ©2022 Ambiq Micro, Inc.
All rights reserved.



Apollo3 Blue SoC Datasheet

Table 310: STATUS Register
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Table 311: STATUS Register Bits

Bit Name Reset RW Description

31:3 RSVD 0x0 Rro | RESERVED

indicates if the active I/O state machine is IDLE. Note - The state machine
could be in idle state due to hold-offs from data availability, or as the com-
2 IDLEST 0x0 RO | mand gets propagated into the logic from the registers.

IDLE = 0x1 - The I/O state machine is in the idle state.

Indicates if the active I/0O Command is currently processing a transaction, or
command is complete, but the FIFO pointers are still synchronizing inter-
nally. This bit will go high at

1 CMDACT 0x0 RO
ACTIVE = 0x1 - An I/O command is active. Indicates the active module has
an active command and is processing this. De-asserted when the command
is completed.
Bit has been deprecated. Please refer to the other error indicators. This will
0 ERR 0x0 RO always return 0.

ERROR = 0x1 - Bit has been deprecated and will always return 0.

6.3.2.32 MSPICFG Register
SPI module master configuration
OFFSET: 0x00000300

INSTANCE 0 ADDRESS: 0x5000C300
Controls the configuration of the SPI master module, including POL/PHA, LSB, flow control, and delays for
MISO and MOSI

Table 312: MSPICFG Register

3|2 2(2|2(2|2|2|2|2(1|{1(1|1{1|1{1|1|1(1|0(0|0[0|0|0|0|O 0
110(9|8|7(6|5(4|3(2|1(0|9|8|7]|6 4.3(2|{1(0|9(8|7|6|5/4(3|2[1]|0
— > = o
ol2| =a % D18 . oo 2|< |~
S (x| 2 a) AI1S|E] rReWD (L |E RSVD o2
2% 3 Z |a|5|= S 2155
=| 8 5 |»\8 T
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Table 313: MSPICFG Register Bits

Bit Name Reset RW Description
31 RSVD 0x0 Ro | RESERVED
30 MSPIRST ox RW Bit is deprecated. setting it will have no effect.
Delay tap to use for the output signal (MOSI). This give more hold time on
29:27 DOUTDLY 0x0 RW | the output data.
Delay tap to use for the input signal (MISO). This gives more hold time on
26:24 DINDLY 0x0 RW | the input data.
Selects data transfer as MSB first (0) or LSB first (1) for the data portion of
the SPI transaction. The offset bytes are always transmitted MSB first.
23 SPILSB 0x0 RW
MSB = 0x0 - Send and receive MSB bit first
LSB = 0x1 - Send and receive LSB bit first
Selects the read flow control signal polarity. When set, the clock will be held
low until the flow control is deasserted.
NORMAL = 0x0 - SPI_STATUS signal from BLE Core high(1) creates flow
22 RDFCPOL 0x0 RW | control and new read SPI transactions will not be started until the signal
goes low.(default)
INVERTED = 0x1 - SPI_STATUS signal from BLE Core low(0) creates flow
control and new read SPI transactions will not be started until the signal
goes high.
Selects the write flow control signal polarity. The transfers are halted when
the selected flow control signal is OPPOSITE polarity of this bit. (For exam-
ple: WTFCPOL = 0 will allow a SPI_STATUS=1 to pause transfers).
NORMAL = 0x0 - SPI_STATUS signal from BLE Core high(1) creates flow
21 WTFCPOL 0x0 RW control and new write SPI transactions will not be started until the signal
goes low.(default)
INVERTED = 0x1 - SPI_STATUS signal from BLE Core high(1) creates
low(0) control and new write SPI transactions will not be started until the sig-
nal goes high.
20:18 RSVD 0x0 Ro | Reserved
Enables flow control of new read transactions based on the SPI_STATUS
signal from the BLE Core.
17 RDFC 0x0 RW
DIS = 0x0 - Read mode flow control disabled.
EN = 0x1 - Read mode flow control enabled.
Enables flow control of new write transactions based on the SPI_STATUS
signal from the BLE Core.
16 WTFC 0x0 RW
DIS = 0x0 - Write mode flow control disabled.
EN = 0x1 - Write mode flow control enabled.
15:3 RSVD 0x0 Ro | Reserved
2 FULLDUP 0x0 RW Full Duplex mode. Capture read data during writes operations
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Table 313: MSPICFG Register Bits

Bit Name

Reset

RW

Description

1 SPHA

0x0

RW

Selects the SPI phase; When 1, will shift the sampling edge by 1/2 clock.

SAMPLE_LEADING_EDGE = 0x0 - Sample on the leading (first) clock
edge, rising or falling dependent on the value of SPOL
SAMPLE_TRAILING_EDGE = 0x1 - Sample on the trailing (second) clock
edge, rising of falling dependent on the value of SPOL

0 SPOL

0x0

RW

This bit selects SPI polarity.

CLK_BASE_0 = 0x0 - The initial value of the clock is 0.
CLK_BASE_1 = 0x1 - The initial value of the clock is 1.

6.3.2.33 BLECFG Register

BLE Core Control
OFFSET: 0x00000304

INSTANCE 0 ADDRESS: 0x5000C304

Provides control of isolation and 10 signals between the interface module and the BLE Core.

Table 314: BLECFG Register

3(2|2(2|2|2|2|2|2 2(1|1(1|1{1|(1|1(1]|1[1]0 o(ojofojO0foO 0
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Table 315: BLECFG Register Bits
Bit Name Reset RW Description
31:16 RSVD 0x0 RO RESERVED
Configuration of BLEH isolation controls for SPI related signals.
. ON = 0x3 - SPI signals from BLE Core to/from MCU Core are isolated.
15:14 SPISOCTL 0x0 RW OFF = 0x2 - SPI signals from BLE Core to/from MCU Core are not isolated.
AUTO = 0x0 - SPI signals from BLE Core to/from MCU Core are automati-
cally isolated by the logic
Configuration of BLEH isolation control for power related signals.
. ON = 0x3 - BLEH power signal isolation to on (isolated).
13:12 PWRISOCTL 0x0 RW OFF = 0x2 - BLEH power signal isolation to off (not isolated).
AUTO = 0x0 - BLEH Power signal isolation is controlled automatically
through the interface logic
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Table 315: BLECFG Register Bits

Bit Name Reset RW Description
Set to prevent the BLE power control module from waking up the BLE Core
1 STAYASLEEP 0x0 RW after going into power down. To .be used for gr.aceful shutdown, set by soft-
ware prior to powering off and will allow assertion of reset from sleep state.
10 FRCCLK 0x0 RW Force the clock in the BLEIF to be always running
Force power state machine to go to the sleep state. Intended for debug only.
9 MCUFRCSLP 0x0 RW Has no effect on the actual BLE Core state, only the state of the BLEIF inter-
face state machine.
Debug control of BLEIF power state machine. Allows transition into the
8 WT4ACTOFE 0x0 RW 'Zl:cot:\ée state in the BLEIF state without waiting for DCDC request from BLE
BLEH power on request override. The value of this field will be sent to the
BLE Core when the PWRSM is off. Otherwise, the value is supplied from
internal logic.
76 BLEHREQCTL 0x0 RW ON = 0x3 - BLEH Power-on reg signal is set to on (1).
OFF = 0x2 - BLEH Power-on signal is set to off (0).
AUTO = 0x0 - BLEH Power-on signal is controlled by the PWRSM logic and
automatically controlled
DCDCFLG signal override. The value of this field will be sent to the BLE
Core when the PWRSM is off. Otherwise, the value is supplied from internal
logic.
54 DCDCFLGCTL 0x0 RW ON = 0x3 - DCDC Flag signal is set to on (1).
OFF = 0x2 - DCDC Flag signal is set to off (0).
AUTO = 0x0 - DCDC Flag signal is controlled by the PWRSM logic and
automatically controlled
WAKE signal override. Controls the source of the WAKE signal to the BLE
Core.
3:2 WAKEUPCTL 0x0 RW | ON = 0x3 - Wake signal is set to on (1).
OFF = 0x2 - Wake signal is set to off (0).
AUTO = 0x0 - Wake signal is controlled by the PWRSM logic and automati-
cally controlled
Reset line to the BLE Core. This will reset the BLE core when asserted ('0')
and must be written to '1" prior to performing any BTLE related operations to
1 BLERSTN 0x0 Rw | the core-
ACTIVE = 0x1 - The reset signal is active (0)
INACTIVE = 0x0 - The reset signal is inactive (1)
Enable the power state machine for automatic sequencing and control of
power states of the BLE Core module.
ON = 0x1 - Internal power state machine is enabled and will sequence the
0 PWRSMEN 0x0 RW | BLEH power domain as indicated in the design document. Overrides for the
power signals are not enabled.
OFF = 0x0 - Internal power state machine is disabled and will not sequence
the BLEH power domain. The values of the overrides will be used to drive
the output sequencing signals
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6.3.2.34 PWRCMD Register
BLE Power command interface
OFFSET: 0x00000308
INSTANCE 0 ADDRESS: 0x5000C308

Sends power related commands to the power state machine in the BLE IF module.

Table 316: PWRCMD Register
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Table 317: PWRCMD Register Bits

Bit Name Reset RW Description
31:2 RSVD 0x0 Ro | Reserved
Restart the BLE Core after going into the shutdown state. Only valid when in
1 RESTART 0x0 WO | the shutdown state.
Wake request from the MCU. When asserted (1), the BLE Interface logic will
0 WAKEREQ 0x0 WO assert the wakeup request signal to the BLE Core. Only recognized when in
the sleep state

6.3.2.35 BSTATUS Register
BLE Core status

OFFSET: 0x0000030C
INSTANCE 0 ADDRESS: 0x5000C30C

Status of the BLE Core interface signals

Table 318: BSTATUS Register

3(3|2(2|2[2]|2 2|2 2(1|1(1|1{1(1;1(1|1(1|j0(0|0|0f(0|O0O(O0|O0O 0|0
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Table 319: BSTATUS Register Bits

Bit Name Reset RW Description
31:13 RSVD 0x0 Ro | RESERVED
Value of the BLEHREQ signal to the power control unit. The BLEHREQ sig-
nal is sent from the BLEIF module to the power control module to request
12 BLEHREQ 0x0 RO the BLEH power up. When the BLEHACK signal is asserted,
Value of the BLEHACK signal from the power control unit. If the signal is '1',
11 BLEHACK 0x0 RO | the BLEH power is active and ready for use.
Current status of the power state machine
OFF = 0x0 - Internal power state machine is disabled and will not sequence
the BLEH power domain. The values of the overrides will be used to drive
the output sequencing signals
10:8 PWRST 0x0 RO | INIT = 0x1 - Initialization state. BLEH not powered
PWRON = 0x2 - Waiting for the power-up of the BLEH
ACTIVE = 0x3 - The BLE Core is powered and active
SLEEP = 0x6 - The BLE Core has entered sleep mode and the power
request is inactive
SHUTDOWN = 0x4 - The BLE Core is in shutdown mode
Status of the BLEIRQ signal from the BLE Core. A value of 1 indicates that
7 BLEIRQ 0x0 RO read data is available in the core and a read operation needs to be per-
formed.
Value of the WAKEUP signal to the BLE Core . The WAKEUP signals is sent
6 WAKEUP 0x0 RO from the BLEIF tp the BLECORE to request the BLE Core transition from
sleep state to active state.
Value of the DCDCFLAG signal to the BLE Core. The DCDCFLAG is a sig-
5 DCDCFLAG 0x0 RO | nal to the BLE Core indicating that the BLEH power is active.
Value of the DCDCREQ signal from the BLE Core. The DCDCREQ signal is
4 DCDCREQ 0x0 RO sent from the cgre to the BLEIF modu!e yvhen the BLE core requires BLEH
power to be active. When activated, this is
Value of the SPISTATUS signal from the BLE Core. The signal is asserted
3 SPISTATUS 0x0 RO when the BLE Cgre is able to accept write data via the SPI interface. Data
should be transmitted to the
State of the BLE Core logic.
RESET = 0x0 - Reset State
2:0 B2MSTATE 0x0 RO Shutdown = 0x0 - Shutdown state
Sleep = 0x1 - Sleep state.
Standby = 0x2 - Standby State
Idle = 0x3 - Idle state
Active = 0x4 - Active state.
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6.3.2.36 BLEDBG Register
BLEIF Master Debug Register
OFFSET: 0x00000410
INSTANCE 0 ADDRESS: 0x5000C410

Debug control

Table 320: BLEDBG Register
3(3|2(2|2[|2]|2 2(2|2(1|1(1|1|1(1|1(1|1{1|0|{0(0|O0Of(O0O|O0Of(O0O|O[O0]|O
110(9|8|7|6|5 2(1|0 4 1 9(8|7(6|5[4|3|2(1|0
z
o % =
X < | W
DBGDATA ol=|o
m|O|Q
a|o|B
=
Table 321: BLEDBG Register Bits
Bit Name Reset RW Description
313 DBGDATA 0x0 Rw | Debug data
APBCLK debug clock control. Enable APB_CLK to be active when this bit is
2 APBCLKON 0x0 RW | '1'. Otherwise, the clock is controlled with gating from the logic as needed.
IOCLK debug clock control. Enable I0_CLK to be active when this bit is 1.
1 IOCLKON 0x0 RW | Otherwise, the clock is controlled with gating from the logic as needed.
Debug Enable. Setting this bit will enable the update of data within this reg-
0 DBGEN 0x0 RW | ister, otherwise it is clock gated for power savings
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7. MSPI Master Module
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Figure 11. Block Diagram for the MSPI Master Module

7.1 Functional Overview

The Apollo3 MCU Family includes one or more Multi-bit SPI (MSPI) modules which can be used to connect
to external memory devices or displays. The Apollo3 Blue SoC has a single MSPI controller which
supports operation up to 48 MHz (24MHz for earlier revision A1 devices) in serial, dual and quad transfer
modes, and up to 24 MHz in octal mode.The MSPI module has a unified 16-entry FIFO (32 bits wide) that
is used for both transmit and receive data. To ensure that transactions are not dropped because of system
or software latency, the MSPI controller will pause the clock (and thus the transfer on the bus) if the TX
FIFO empties or the RX FIFO fills during an operation. It will automatically resume once the FIFO condition
has cleared.

MSPI transfers generally consist of transmitting a 1 byte instruction, a 1-4 byte address (optional), and 1
byte to 64KB of write or read data (with an optional number of turnaround clock cycles between address
and RX data, as well as an optional number of turnaround clock cycles between address and RX data).

The MSPI interface, when connected to external memory devices, is accessible via three methods:

= XIP, where instructions/data can be cached through an aperture in the flash cache interface (read-only).
= XIPMM, where the device is memory mapped for direct read/write accesses (non-cached).

= DMA, where the MSPI can autonomously transfer data between the device and system memory or flash.

Note that XIPMM and DMA do not enforce hardware coherency, so the cache should be disabled or
invalidated when performing DMA or XIPMM operations to regions that contain code that may be cached.
In each of these modes, the MSPI module also supports data scrambling on accesses within a
programmable address range having boundaries aligned to 64K address boundaries.

Once the external devices are configured, the MSPI supports a simple DMA model, where software can
program the internal (SRAM or flash) address and external device address, transfer direction, and transfer
size. Once enabled, the MSPI DMA interface will move data between the system and external flash and
interrupt when complete. The MSPI also supports a higher-level command queuing (CQ) protocol, where
software can construct a buffer of operations in SRAM (or internal flash memory) and the MSPI will
execute the series of operations autonomously. The MSPI can also power itself down at the end of DMA or
CQ operations.
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While the MSPI module can be used as a generic SPI device (with two chip enables), in addition to
supporting Serial, Dual, and Quad displays, it is primarily designed to support serial NAND/NOR flash
memory or PSRAM memory. It is intended to be used to initialize the external memory devices and then be
configured with the parameters matching the flash access characteristics. Devices can then be accessed
through DMA or XIP operations with minimal software overhead.

7.2 Configuration

The MSPI module should be configured to match the transfer characteristics of the external device(s) on
the bus. Generally, the configuration sequence would proceed as follows:

= Configure MSPI clock divider (CLKDIV field in the MSPICFG register). The MSPI's reference frequency
is 48 MHz, so the resulting clock frequency is 48/CLKDIV value.

= Configure MSPI transfer characteristics (CFG register) to initialize the device (usually mode 0, serial
transfers)

= Configure MSPI PADOUTEN to enable the desired bits on the MSPI bus (clock plus relevant data bits).

NOTE

Enabling unused data lines will impact the values present on those pads even if
the GPIO function select is not set to MSPI.

= Program external flash device to the appropriate mode, enable dual/quad/octal modes

= Update CFG register to new settings (in cases of a transfer mode or addressing change)

= Write FLASH register to set read/write instructions and transfer characteristics for DMA/XIP operations
(and optionally enable XIP mode).

The MSPI's CFG register contains the controller's settings when communicating with any given device and
it is expected that these values will be static after initial configuration of the external memory devices. The
MSPI_CFG_DEVCEFG field specifies both the transfer mode (serial, dual, quad, etc) as well as which chip
enable is used to access the device. The MSPI_CFG_ISIZE and MSPI_CFG_ASIZE fields indicate the
number of bytes transmitted for the instruction and address phases, but individual operations can select
whether to transmit these or not. The TURNAROUND field indicates the number of cycles between the TX
of instruction/address and reception of the first RX byte (the flash device must be programmed to use the
same count).

NOTE

Each MSPI controller is limited to clock polarity/phase mode 0 operation. Mode
0 specifies a clock polarity setting where the inactive state is low (CPOL=0), and
a clock phase setting where the clock toggles in the middle of the data bit

(CPHA=0). The other three clock polarity/phase modes (1-3) are not supported.
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7.3 PIO Operations

Software can issue general PIO operations to devices on the MSPI bus using the INSTR, ADDR, and
CTRL registers. Software should first write the instruction to be sent to the INSTR register and the address
to be sent to the ADDR register (if required) followed by a write to the CTRL register to start the transfer.
The CTRL_TXRX bit indicates whether data should flow to or from the device and CTRL_XFERBYTES
indicates the number of bytes to transfer. CTRL_SENDI and CTRL_SENDA can be used to enable or
disable the instruction or address phases and the CTRL_ENTURN is used to enable the turnaround
phase. The transfer will only commence if the CTRL_START bit is set. Software may read the BUSY and
STATUS fields to check on transaction status, otherwise the CMDCPL interrupt (INTEN_CMDCPL) can be
used to indicate completion.

AM_REG(MSPI,INSTR) = instr;

AM_REG(MSPI,CTRL) = AM_REG_MSPI|_CTRL_XFERBYTES(bytes) |
AM_REG_MSPI|_CTRL_SENDI_M |
AM_REG_MSP|_CTRL_TXRX(1) |
AM_REG_MSP|_CTRL_START_M;

Write latency, the time between the address and first data byte, can be set and controlled by setting the
CTRL_ENWLAT bit to enable the Write Latency Counter, which sets the latency from 0 to 63 counter
clocks with the setting in the CFG_WRITELATENCY field.

For write (TX) operations, data should be written to the TXFIFO after the transaction has been started.
Software should read TXENTRIES before writing to ensure that space is available in the FIFO before
writing new TX data. For read operations, software should read the RXENTRIES to determine the number
of words available and then read the data from the RXFIFO register.

// Example TX data write loop
for (i = 0; i < count;) {
temp1=AM_REG(MSPI,TXENTRIES);
for(;(temp1<16) && (i<count);temp1++,i++) {
AM_REG(MSPI, TXFIFQ) = datali];
}
}
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7.4 DMA Operations

The MSPI controller tightly integrates the DMA controller with the transfer interface and automatically
handles sequencing of instructions and address to serial flash device and the subsequent transfer of data
to/from system memory. Before starting DMA operations, software should have already configured the
CFG register (to specify device configuration) and the FLASH register (to specify the template used for
DMA operations). Software should first set up the static DMA parameters which specify the DMA burst
parameters:

MSPI(mspiModule)->DMATHRESH=8; // Issue new DMA at FIFO half empty/full condition
MSPI(mspiModule)->DMABCOUNT=32; // burst count=32 bytes (8 words)

The MSPI implements a single FIFO for both TX and RX transfers as well as separate threshold values for
RX/TX operations. In most cases, the DMATHRESH_DMATXTHRESH field should be set at 8 to indicate
that a TX DMA (read from SRAM) will be triggered when the FIFO drops below eight entries and will trigger
an RX DMA (write to SRAM) when the FIFO level reaches eight entries. The DMABCOUNT_BCOUNT
field indicates the number of words that will be transferred each time that DMA is triggered. The DMA will
also trigger automatically to flush or fill the FIFOs at the end of transfer if the total count is not a multiple of
32 bytes.

To initiate a DMA transfer, software should issue the following register operations:

MSPI(mspiModule)->DMADEVADDR=(uint32_t) addr; // set device address
MSPI(mspiModule)->DMATARGADDR=(uint32_t) data; // set address in system memory
MSPI(mspiModule)->DMATOTCOUNT=(count<<2); // set total number of bytes
MSPI(mspiModule)->DMACFG= AM_REG_MSP|_DMACFG_DMAEN |

AM_REG_MSPI_ DMACFG_DMADIR_P2M; // enable DMA peripheral to memory

When complete, the MSPI will issue the DMACPL interrupt or software can monitor the status by reading
the DMASTAT_DMATIP bit. For writes to peripherals, software should also check the INTSTAT_CMDCMP
bit to ensure the transaction has finished. Transfers to the flash device are initiated by setting the
DMACFG_DMADIR field to M2P (Memory to Peripheral).

The controller will use the template in the FLASH register to determine whether to send the instruction and
address phases (XIPSENDI, XIPSENDA) and whether to insert turnaround cycles (FLASH_XIPENTURN).
Instruction and address lengths are determined by the settings in the CFG register and the address and
transfer count are set by the DMADEVADDR and DMATOTCOUNT registers. The instruction sent for read
(RX) operations is specified in the READINSTR field of the XIPINSTR register and likewise the
WRITEINSTR field is used when transmitting data to the flash device.

If the AUTO DMA cannot be used because the device's characteristics don't fit into the template, software
can issue PIO operations to initiate a more complex transfer setup and then enable DMA for just the bulk
DMA portions using the DMAEN_EN instead of DMAEN_AUTO.

Optionally, the MSPI can turn off it's power domain at the end of a DMA transfer if the DMAPWROFF bit is
set in the DMACFG register. The domain will only power off once the entire DMA is complete (i.e. writes
have been committed to system memory or have completed to the external flash device).
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7.5 Execute in Place (XIP) Operations

The XIP mode of operation allows devices on the MSPI interface to be mapped into the flash cache's
address space and appear as an extension to the internal flash array(s). Once enabled by the XIPEN bit in
the FLASH register, the flash/cache module will decode the address region and forward operations to the
MSPI interface for completion. XIP mode uses the same configuration information as DMA mode and will
automatically execute a cache line read fetch from the attached device and return it to the cache controller.

CPU

Flash/Cache | X]|P
Controller > MSPI

=

Internal External
Flash SPI Flash
Array Device

Figure 12. XIP Block Diagram

XIP and DMA/PIO operations can all be interleaved since the MSPI controller will allow the current
operation to complete before performing the XIP operation. XIP may be interleaved within an ongoing
DMA transfer as configured by either the DMABOUNDARY_DMATIMELIMIT transaction time or the
DMABOUNDARY_DMABOUND address boundary.

Generally DMA read operations can safely be interleaved with XIP, however, XIP mode may have to be
disabled during flash programming operations since the flash array within the device may not be available
during program or erase operations and thus would return invalid data.

7.5.1 XIP Operation

ForApollo3 Blue SoC Revision B0, the MSPI additionally supports a memory-mapped XIP mode (XIPMM)
that enables full read/write mapping of an MSPI device such as a PSRAM to the CPU's peripheral address
map at offset 0x51000000-0x51FFFFFF for MSPI. This is mapped to offset 0 of the device on the MSPI
bus and is not cached (unlike XIP space) and thus can be used as an extension to system SRAM. The
MSPI device can be accessed by both XIP and XIP accesses (the regions overlap), but it is recommended
that XIP used for static data/instructions and that a separate area of the MSPI device is used for read/write
operations to avoid having stale data visible in the cache.

XIP seamlessly supports word, halfword, and byte read and write accesses, however, there are a few
restrictions and caveats:

= As mentioned above, writes to XIP do not flush cached data to the same address.

= For scrambled regions, XIP can only be written safely by writing words (byte and halfword writes will cor-
rupt the scrambled data at that location). Byte, halfword, and word reads may all be performed to scram-
bled regions.

= Read/Write performance to the XIP region will be significantly slower than accesses to internal SRAM
since there are multiple cycles of command, addressing, and data transfer overhead. For this reason,
internal SRAM should be used for frequently accessed data and XIP should be used for infrequently
used data.
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To help minimize the access penalty on XIP writes, a 2-entry write FIFO buffers all writes to XIP. These will
be immediately accepted on the CPU's bus allowing it to continue execution. However, the CPU will stall if
another write or peripheral read is performed before the previous writes complete.

7.5.2 Optimized XIP Addressing

Some SPI flash devices support an optimized XIP mode that minimizes the number of instruction/address
cycles that must be transmitted in order to reduce overall fetch latency. To activate this mode, software
should program the flash device's registers to enter the device XIP mode, and then update the
CFG_DEVCFG field to the specified number of address bytes and then disable the FLASH_XIPSENDI
field (assuming that no instruction needs to be sent). To exit the device's XIP mode, software should
reconfigure the MSPI interface in order to send the required XIP exit sequence to the device.

7.5.3 Micron XIP Support

Micron flash devices support an XIP mode that does not require the instruction byte to be transmitted,
which minimizes the access time to the device. In order to transition in and out of this mode, the MSPI
controller must issue an acknowledgment of XIP mode during the first turnaround cycle for each XIP
access. When transitioning into and out of XIP mode, software must set the FLASH_XIPACK field
appropriately.

Under normal operation, the XIPACK should be set to NOACK (0x0), indicating that no acknowledgment
should be sent. To transition into XIP mode, software should perform the following actions:

1. Activate XIP in the Micron device by writing the Volatile Configuration register
2. Setthe FLASH_XIPACK bit field to ACK (0x2)

3. Perform a memory read from the Micron device (instruction must be sent). This access will allow
the MSPI controller to acknowledge switching into the XIP mode

4. Setthe CTRL_XIPSENDI bit field to 0 to indicate that the instruction byte no longer needs to be
sent.

The MSPI will now transmit just the address to the Micron device and drive a 0 onto the data lines on the
first turnaround cycle to remain in XIP mode. It is important that software ONLY perform read operations to
the flash device until XIP mode has been exited.

To terminate XIP mode, software should perform the following sequence:

1. Set the FLASH_XIPACK bit field to TERMINATE (0x3)

2. Issue a memory read to the Micron device. This will allow the MSPI controller to signal termination
of XIP mode by driving the data lines high during the first turnaround cycle.

3. Set the FLASH_XIPACK bit field to NOACK (0x0) and the CTRL_XIPSENDI bit field to 1.

After this sequence has completed, software can erase, program, or send any other instructions to the
Micron flash again.
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7.6 Command Queueing (CQ)

The MSPI's command queuing (CQ) interface is similar to command queuing implementation in the IOM
and BLE modules. To utilize the command queue, software basically constructs a series of register
operations that would be issued to the MSPI device, but instead places them in an array in system SRAM
(or internal flash). The start of this buffer is then written to the CQADDR register and the commands can
issued by enabling the CQEN bit in the CQCFG register. The CQ logic then reads the address/data pairs
via DMA operations and will continue executing them until the end of the command queue, which is
denoted as a write to the STOP bit in the CQPAUSE register. As the CQ logic issues register operations, it
will automatically pause fetching new operations while the transfer module is busy or can be paused to
wait for external events based on the status of the CQPAUSE and CQFLAGS registers.

The primary limitation of CQ operations is that all addresses must reside within the MSPI module since the
operations are executed internally by the MSPI module (i.e. it cannot write register in other modules, etc).
7.6.1 Command Queue Data Format

As the command queue resides in system memory, the general format is pairs of words that form the
register address to write as well as the data to write. Assuming the CQ base address is 0x10000, system
SRAM might look like the following table:

Table 322: Command Queue Example

Address Data Description

0x10000 0x50014258 DMATARGADDR register address
0x10004 0x00002800 Data to write to DMATARGADDR (i.e. 0x2800 is the target buffer)

0x10008 0x5001425C DMADEVADDR register address

0x1000C 0x00304000 Address within flash device
0x10010 0x50014260 DMATOTCOUNT register address
0x10014 0x00000100 Transfer 256 bytes of data

0x10018 0x50014250 DMACFG register address

0x1001C 0x00000003 AUTO DMA enable on peripheral to memory transfer

0x10020 0x50014288 CQPAUSE register address

0x10024 0x00008000 End of Command Queue (write to STOP bit)

The AM_REG macros can be used to construct the CQ table in a manner similar to below:

uint32_t *cqptr = 0x10000;

*cgptr++ = AM_REG_ADDR(MSPI,DMADEVADDR);

*cqptr++ = devaddr; // set device address (for encryption)

*cqptr++ = AM_REG_ADDR(MSPI,DMATARGADDR);

*cqptr++ = data_buffer; // set source address in memory

*cqptr++ = AM_REG_ADDR(MSPI,DMATOTCOUNT);

*cqptr++ = 4*num_words; // set total number of bytes

*cgptr++ = AM_REG_ADDR(MSPI,DMACFG);

*cgptr++ = AM_REG_MSPI_DMACFG_DMAEN_AUTO |
AM_REG_MSPI_DMACFG_DMADIR_M2P); // enable DMA write

*cgptr++ = AM_REG_ADDR(MSPI,CQPAUSE);

*cqptr++ = AM_REG_MSPI_CQFLAGS_STOP_M;
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7.6.2 CQ Interrupts

The MSPI CQ module provides several interrupts via the INTEN register to provide feedback to software
as the MSPI works through its command queue.

= CQERR: Indicates that the command queue encountered an error when fetching the command queue
instructions. This can be caused by an invalid CQ pointer that points to an invalid flash or SRAM address
(SRAM powered down, etc).

= CQPAUSED: Indicates that the command queue has encountered a pause condition. This can be trig-
gered by an index match or when the CQ is waiting on a software or hardware flag.

= CQCMP: Indicates that the command queue has completed operations. This is typically used when the
command queue is executing a single-shot set of commands which end with the CQ writing the STOP bit
in the CQPAUSE register.

= CQUPD: Indicates a generic CQ update interrupt which is triggered by execution of a command queue
entry.

Software can generate a CQUPD interrupt at any point during command queue operation by setting bit[0]
of the register address of the command to a 1 (basically OR 0x1 with the address portion of a CQ entry.
This can be useful when software would like intermediate interrupts as operations complete such as after
each CQ index is updated.

7.6.3 Pausing CQ Operations

While the basic operation of the CQ functionality is pretty straightforward, constructing more complex
scenarios such as queuing of multiple operations requires additional logic to accommodate handshaking
with the software managing the queue and other modules within the chip. The MSPI accomplishes both of
these by providing the ability to pause the CQ processing using a pause mask (CQPAUSE register) and
software and hardware pause flags.

After the MSPI executes a CQ write operation, it will check all bits specified in the CQPAUSE register
against their CQFLAGS status, and will pause operation if all of the associated CQFLAGS bits are set.
Since all registers are available to be written by both CPU software and CQ commands, there are
numerous ways these can be used, but two common scenarios are

= Software can initially set a mask in CQPAUSE and CQ operation will continue until the matching
CQFLAGS condition is encountered.

» The CQ command stream can set the CQPAUSE register during execution and pause until the status in
FLAGS changes to indicate that it should restart.

The CQFLAGS register contains 8 soft flags (register bits that can be controlled by either the CPU or the
QC operation) and an additional 8 hard flags, which are hardware status flags tied to logic in the MSPI
module or other modules in the chip. The lowest two soft flags are also exported to the IOM SPI modules
to facilitate communication between an IOM and the MSPI to enable management of common MSPI/IOM
buffers via the command queues. The table below lists the flags available in the MSPI:

Table 323: CQFLAGS

Bit Type Mnemonic Description/Use
15 Hard STOP F)Q Stop F.Iag. When set to 1, CQ processing will terminate and the CQCPL
interrupt will be generated.
CQ Index Pointer Match. Will be set to 1 when the CURIDX and ENDIDX point-
14 Hard cQlbX )
ers match. Generally used by software when forming a request queue.
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Table 323: CQFLAGS

Bit Type Mnemonic Description/Use
13 Hard Reserved
12 Hard Reserved
X Hard DMACPL DMA Complete Status (hardwired DMACPL bit in DMASTAT)
10 Hard CMDCPL P10 Operation completed (STATUS bit in CTRL register)
IOM1READY/ Buffer 1 Ready Status. IOM Buffer 1 Ready Status (from selected IOM).

9 Hard BUF1XNOREN | This status is the resul_t of XNOR'ing the IOMOSTART with the incoming status
from the IOM. When high, MSPI can send to the buffer.

IOMOREADY/ Buffer 0 Ready Status. IOM Buffer 0 Ready Status (from selected IOM).

8 Hard BUFOXNOREN This status is the result of XNOR'ing the IOMOSTART with the incoming status
from the IOM. When high, MSPI can send to the buffer.
7 Soft SWFLAG7 Software flag
6 Soft SWFLAG6 Software flag
5 Soft SWFLAG5 Software flag
4 Soft SWFLAG4 Software flag
3 Soft SWFLAG3 Software flag
2 Soft SWFLAG2 Software flag
1 oot [ rowrsmaar | Faaetie O seios st o
0 Soft IOMOSTART Flag wired to IOM devices as a hard flag for intercommunication. Typically indi-

cates that buffer 0 has been filled by MSPI and can be emptied by the IOM.

The soft flags can be set/cleared/toggled via writes to the CQSETCLEAR register and their status can be
read by software by reading the CQFLAGS register directly. The CQPAUSE mask bits are enumerated in
the same manner.

In order to minimize the need to pause for individual operations, the CQ will automatically pause any time
the MSPI's transfer block is active (for PIO, DMA, or XIP operations). Thus, whenever the CQ enables a
DMA operation, there is an implicit pause until the operation completes, and then the CQ will resume
fetching additional commands. To terminate the CQ processing, the CQ or software should set the most
significant (unreserved) CQPAUSE register bit (STOP), which will cause the MSPI to terminate processing
of the command queue and issue a CQCPL interrupt.

7.6.4 Using the CQ Index registers

The MSPI command queuing implementation also includes a pair of registers that allow software to
manage a list of outstanding operations: CQCURIDX and CQENDIDX. When initializing the command
queue software can set both of these registers to the same value, which indicate an index or reference into
the position of the command queue. The CQPAUSE can then be set to CQIDX and the command queue
enabled. Since the CQCURIDX equals the CQENDIDX, the command queue will immediately pause and
wait for them to be not equal again triggering resumption of CQ processing.

For each group of commands in the command queue, software can place a write to the CQCURIDX after
each DMA operation in the command queue and then directly write the CQENDIDX register with the index
of the last operation in the queue. Since the CQENDIDX now mismatches the CQCURIDX, the command
queue will begin processing commands and start working its way through the queue. After completing the
first operation, the command queue will include a write to the CQCURIDX to indicate that the operation has
completed, and the CQ logic will check to see if the CQCURIDX equals the CQENDIDX and either pause
or continue processing until the two are equal again.
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This mechanism allows software to asynchronously post additional operations to the command queue by
simply writing the new commands to memory and then updating the CQENDIDX to the index of the last
operation. Because the MSPI CQ hardware simply looks for a match between the registers, software may
roll over from OxFF to 0x00 or use the indices in any manner they see fit as long as the end index value is
not found elsewhere in the command queue.

Software can monitor the progress of the MSPI's CQ processing by enabling the DMACPL interrupt, which
will generate an interrupt after each DMA completion. The interrupt routine can read the CQCURIDX
register to determine which operations have completed in order to return the proper status to the
application.

7.6.5 MSPI and IOM Intercommunication

The MSPI module and IOM modules can be linked through the command queue flags to allow a simple
form of handshaking to facilitate data flow between the two modules. The MSPI only has a single pair of
hardware flags dedicated to IOM communication so software must write the IOMSEL field in the MSPICFG
register to select which IOM is paired with the MSPI.

A typical use model for this feature is for transmitting blocks of data stored in external flash to a device
(such as a display) on the IOM interface. In this scenario, software would allocate two buffers in SRAM
which would be filled by the MSPI and emptied by the IOM. At the beginning of the operation, software
would clear the IOMOSTART and IOM1START flags and initialize the MSPI command queue with two read
operations to load data into buffer 0 and buffer 1. Software would also initialize the corresponding flags in
the other device and set up the command queue to point to begin reading at buffer 0, but pause until it
sees the buffer0 status is ready.

When the MSPI command queue is enabled, it will check the IOMOREADY flag (which will be zero since
the incoming bit is zero and the IOMOSTART flag is zero) and begin processing the operation which would
DMA data from the external flash to fill buffer 0. At the end of the operation, the CQ would write the
CQPAUSE register with the mask for IOM1READY. The status of IOM1READY will also be zero, so it will
continue processing to fill buffer 1. At the end of this operation, the CQ will write the CQPAUSE register to
IOMOREADY again, but this time it will likely pause because the IOM is still reading data out of buffer 0.
Once the IOM finishes its reads from buffer 0, it's CQ will set the flag for buffer 0, which will in turn cause
the IOMOREADY hardware flag to become zero and allow the MSPI to continue processing (which would
fill buffer 0 again). In this manner, software would only need to continue adding commands to the MSPI
command queue in order to continuously feed data frames to the IOM device.

7.7 Data Scrambling

In order to protect customer data stored on external flash devices, the MSPI module supports a data
scrambling algorithm to obfuscate data on the MSPI bus. Scrambling can be enabled by programming the
SCRAMBLING_SCRSTART and SCRAMBLING_SCREND fields to correspond to the address range to be
encrypted and setting the SCRENABLE bit in the SCRAMBLING register. Scrambling is enabled for all
DMA and XIP operations that fall within the scrambling window.

Accesses to the scrambling region must always be to an aligned, four-byte boundary (i.e. device address
must always end in 0x0, 0x4, 0x8, 0xC). Accesses through the XIP region are always aligned to cache
lines, but software must ensure that DMA operations are properly aligned. In the case of a mis-aligned
DMA access, the MSPI will issue the SCRERR interrupt (SCRambling ERRor).

7.8 Auto Power Down

The MSPI module has the ability to power itself down at the end of a DMA or CQ operation. This would
usually be done while the system is going into deep sleep but desires the MSPI to transfer data to or from
a flash device during the beginning of the sleep period. To enable auto-power down, software should
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enable the DMA with the DMACFG_DMAPWROFF bit set or command queuing with the
CQCFG_CQPWROFF bit set.

7.9 Pad Configuration and Enables

The MSPI transfer block generally handles the bit/byte alignment for transfers, but the MSPI also provides
a set of internal pin muxes controlled by the MSPI_PADCFG register to provide system level designers
more options when connecting flash devices by allowing the association of chip enable with a mixture of
data pins - for instance, chip enable 1 may be used in a quad configuration with data pins 0, 1, 6, 7 of the
SPI interface. The pin muxing also controls the separation of /O operations for serial devices or transfer
modes, where pin 0 is typically MOSI and pin 1 is MISO instead of being a shared tristate pin.

MSPI supports the following external connections. The columns to the right indicate which bits are used in
each configuration (S=serial, D=dual, Q=quad, O=octal with CE#). Within the table, O=output pin, I=input
pin, and X=bidirectional.

Table 324: MSPI Pin Muxing

Pin Name Direction GPIO Description | SO | S1 | DO | D1 | Q0 | Q1 | O0 | O1
MSPILO | Output 1,7,10, 15, 19, 28 MSPICEO | O 0 0 0
MSPI1 | Output 12,32,36,41,43,46 MSPI CE1 0 0 0 0
MSPI8 | Output 24 MSPICLK | o |lo|o | o |o|o]o]o
MSPI7 | Input/Output 3 MSPI Data x| x| x
Bit 7

MSPI6 | Input/Output 2 MSPI Data X | x| x
Bit 6

MSPI5 | Input/Output 1 MSPI Data X x| x| x
Bit 5

MSPI4 | Input/Output 0 Msgi't Zata 0 X x | x | x

MSPI3 | Input/Output 23 MSPI Data X X | x
Bit 3

MSPI2 | Input/Output 4 MSP! Data X X | X
Bit 2

MSPI1 | Input/Output 26 MSgiltE;ata X X x | x

MSPIO | Input/Output 22 Msgi't %ata o X X X | x

The PADOUTEN register should be programmed to enable the proper pins for the selected mode. While
the MSPI will automatically drive and sample data from the proper data lines, the MSPI also contains the
ability to map bit lanes from the lower quad to the upper quad in case the system-level design cannot
accommodate mapping the four contiguous pins within the lower quad. This is done via the PADCFG
register, which has separate input and output muxing options.

Typically, most serial SPI devices use a separate MOSI and MISO when operating in serial mode. The
SEPIO bit in the CFG register should be set when software needs to read data from devices in serial
mode, since it redirects the MISO input from pin 1 down to input data pin 0 of the MSPI's RX logic.

Table 325 below shows the required field configurations for typical MSPI operating modes. It should be
noted that if the settings in the PADCFG register are changed, then the PADOUTEN_OUTEN field must be
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adjusted accordingly. For example, if PADCFG_OUTS3 is set to move the CLK pin from MSPI_8 to MSPI_3
(serial or dual mode), then the PADOUTEN_OUTEN field must be adjusted accordingly, e.g., 0x101
becomes 0x009.

Table 325: Required Settings for Typical Configurations

Mode (Data Lines and CE)
Chip CFG_ CFG_ FLASH_ PADOUTEN_
Instruction | Address Data Separate Enable DEVCFG SEPIO XIPMIXED OUTEN
10 (CE)
Serial Serial Serial Yes 0 SERIALO (1) 1 NORMAL (0) 0x103
Serial Serial Serial Yes 1 SERIAL1 (2) 1 NORMAL (0) 0x130
Serial Serial Serial No 0 SERIALO (1) 0 NORMAL (0) 0x101
Serial Serial Serial No 1 SERIAL1 (2) 0 NORMAL (0) 0x110
Serial Serial Dual No 0 SERIALO (1) 0 D2 (1) 0x103
Serial Serial Dual No 1 SERIAL1 (2) 0 D2 (1) 0x130
Serial Dual Dual No 0 SERIALO (1) 0 AD2 (3) 0x103
Serial Dual Dual No 1 SERIAL1 (2) 0 AD2 (3) 0x130
Serial Serial Quad No 0 SERIALO (1) 0 D4 (5) 0x10F
Serial Serial Quad No 1 SERIAL1 (2) 0 D4 (5) 0x1FO
Serial Quad Quad No 0 SERIALO (1) 0 AD4 (7) 0x10F
Serial Quad Quad No 1 SERIAL1 (2) 0 AD4 (7) 0x1FO0
Dual Dual Dual No 0 DUALDO (5) 0 NORMAL (0) 0x103
Dual Dual Dual No 1 DUAL1 (6) 0 NORMAL (0) 0x130
Quad Quad Quad No 0 QUADO (9) 0 NORMAL (0) 0x10F
Quad Quad Quad No 1 QUAD1 (A) 0 NORMAL (0) 0x1FO
Octal Octal Octal No 0 OCTALO (D) 0 NORMAL (0) Ox1FF
Octal Octal Octal No 1 OCTAL1 (E) 0 NORMAL (0) Ox1FF

7.9.1 Internal Pin Muxing Options

The MSPI also has the ability to swap some pin functionality to provide some additional flexibility in
selecting pins used by the MSPI. Table 324 shows the MSPI pin mapping through the GPIO module, which
has fixed pads for each MSPI pin, however, the MSPI can also perform a minimal second layer of function
swapping within the MSPI pins using the PADCFG register as shown in Table 326.

Table 326: PADCFG Description

Bitfield Description

Swaps chip enable outputs, allowing pins mapped to

REVCS CS1 to be associated with the lower quad of data pins.

Allows muxing of individual bit inputs from the upper
IN3,IN2,IN1,INO quad (MSPI data bits 7:4) into the lower quad. Typically
the OUT7-4 bits would be set to match.
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Table 326: PADCFG Description

Bitfield Description

Allows muxing of individual bit outputs from the lower
OUT7,0UT6,0UT5,0UT4 | quad to the upper quad. Typically the IN3-0 bits would
be set to match.

OouT3 Allows MSPI pin [3] to be used as the clock output.

Since the data lines within a quad are balanced with respect to each other, it is recommended that
customers do not use the internal muxing features unless pin requirements disallow the use of a
contiguous quad.

7.9.2 MSPI Pin Timing Board/Package Considerations

The MSPI pins in the chip pin muxing are grouped by the two sets of quad pairs. The lower MSPI quad
should be used whenever possible since these pads are closer to the MSPI logic and have less delay than
the upper quad. When running in octal mode, the timings through the upper pins will dictate the speed of
the interface.

The MSPI logic contains controls to adjust 1/0 timings to accommodate differences in board or device
timings through the RXCAP, RXNEG, and TXNEG bits in the MSPICFG register. The discussion below
assumes SPI mode 0 (CPHA=0, CPOL=0) and that in dual/quad/octal modes that MOSI refers to all pins in
transmission mode and MISO refers to all pins when in receive mode.

If there were no delays in the chip/board/device, then ideally, data is launched on the negedge of the clock
and captured on the posedge of the clock at both the master (MSPI) and target (flash) device. However the
presence of delays in the system complicates timing and the timing diagram shown in Figure 13 indicates
how these delays are accommodated in the MSPI interface design. The CLK (int) refers to the internal
48MHz clock used by the MSPI, and the SCLK/MOSI (int) are the internal chip timings for the outgoing
clock and MOSI lines. Likewise, the @ Dev signals indicate the timing at the target device's pins. (Delays
shown are just representative and may not reflect actual device timings.)

RXCAP 0 1 1

TXNEG=1 in grey RXNEG 0O 1 0
CLK (int) O O T A e O O
SCLK (int) | I I I
MOSI (int)
SCLK @ Dev I 1 —
MOSI @ Dev
MISO @ Dev
MISO (int)

Figure 13. MSPI Interface Diagram

Note that bit transmission from the MSPI to the target is fairly straightforward since both the SCLK and
MOSI are delayed by similar amounts (two red arrows on the left). Depending on which pins are used,
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there may be some skew between the SCLK and MOSI, however, it should be relatively small compared to
the half-cycle of setup time. If additional setup is required, however, setting the TXNEG bit to 1 will launch
MOSI a half cycle (~10ns) early, which is indicated by the dotted gray waveform on the MOSI signals.

The target to master (MISO) timings on SPI interfaces are a bit more difficult to handle because of the
cumulative round trip delay that consists of the clock delay from master to target, the access time at the
target itself, and the return delay MISO path (first, third, and fourth red arrows). For this reason, read
timings often dictate the frequency of a SPI bus.

The RXCAP and RXNEG bits are used together to determine the incoming RX data capture point. In an
ideal world (zero delays), the MSPI would capture data at the rising edge of the internal SCLK, which
would correspond to the setting of RXCAP = 0, RXNEG = 0 (the first vertical blue bar). It is useful,
however, to push out the RX capture point to accommodate the late arrival of MISO. A setting of RXCAP =
1, RXNEG = 0 is the ideal setting and will delay the capture point by about 20ns (one internal 48MHz
clock) as indicated in the third vertical blue line. The MSPI also supports an RXCAP =1/RXNEG = 1
combination, which samples in between these two points.

7.10 MSPI Registers
Multibit SPI Master

INSTANCE 0 BASE ADDRESS:0x50014000
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7.10.1 Register Memory Map

Table 327: MSPI Register Map

Address(es) Register Name Description

0x50014000 CTRL MSPI PIO Transfer Control/Status Register

0x50014004 CFG MSPI Transfer Configuration Register

0x50014008 ADDR MSPI Transfer Address Register

0x5001400C INSTR MSPI Transfer Instruction

0x50014010 TXFIFO TX Data FIFO

0x50014014 RXFIFO RX Data FIFO

0x50014018 TXENTRIES TX FIFO Entries

0x5001401C RXENTRIES RX FIFO Entries

0x50014020 THRESHOLD TX/RX FIFO Threshold Levels

0x50014100 MSPICFG MSPI Module Configuration

0x50014104 PADCFG MSPI Output Pad Configuration

0x50014108 PADOUTEN MSPI Output Enable Pad Configuration

0x5001410C FLASH Configuration for XIP/DMA support of SPI flash

modules.

0x50014120 SCRAMBLING External Flash Scrambling Controls

0x50014200 INTEN MSPI Master Interrupts: Enable

0x50014204 INTSTAT MSPI Master Interrupts: Status

0x50014208 INTCLR MSPI Master Interrupts: Clear

0x5001420C INTSET MSPI Master Interrupts: Set

0x50014250 DMACFG DMA Configuration Register

0x50014254 DMASTAT DMA Status Register

0x50014258 DMATARGADDR DMA Target Address Register

0x5001425C DMADEVADDR DMA Device Address Register

0x50014260 DMATOTCOUNT DMA Total Transfer Count

0x50014264 DMABCOUNT DMABYTE Transfer Count

0x50014278 DMATHRESH DMA Transmit Trigger Threshold

0x500142A0 CQCFG Command Queue Configuration Register

0x500142A8 CQADDR CQ Target Read Address Register

0x500142AC CQSTAT Command Queue Status Register

0x500142B0 CQFLAGS Command Queue Flag Register

0x500142B4 CQSETCLEAR Command Queue Flag Set/Clear Register

0x500142B8 CQPAUSE Command Queue Pause Mask Register

0x500142C0 CQCURIDX Command Queue Current Index

0x500142C4 CQENDIDX Command Queue End Index
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7.10.2 MSPI Registers

7.10.2.1 CTRL Register

MSPI PIO Transfer Control/Status Register
OFFSET: 0x00000000

INSTANCE 0 ADDRESS: 0x50014000

This register is used to enable individual PIO based transactions to a device on the bus. The CFG register
must be programmed properly for the transfer, and the ADDR and INSTR registers should be programmed
if the SENDI and SENDA fields are enabled.

Table 328: CTRL Register

3|2|2|2|2|2|2|2]|2 21111111 ]1]1 00/ 0|0|0|O 0|0
1/,0(9(8(7/6(5(4(3(2(1|(0(9(8|7|6(5(4(3(2(1|(0(9(8|7(6(|5(4(3(2(1|0
L
o z
S|x (5|22 o |o]>|8]|E
XFERBYTES RsvD (S|2|Z|21518| 2 [Z|a|E|%
SEEEED 2 23 E5
@ @ o g |0 n|®
©) m
o
Table 329: CTRL Register Bits
Bit Name Reset RW Description
3116 XFERBYTES 0x0 RW Number of bytes to transmit or receive (based on TXRX bit)
15:12 RSVD 0x0 Ro | RESERVED

Enables data scrambling for PIO operations. This should only be used for
11 PIOSCRAMBLE 0x0 RW | data operations and never for commands to a device.

10 TXRX 0x0 RW 1 Indicates a TX operation, 0 indicates an RX operation of XFERBYTES

Indicates whether an instruction phase should be sent (see INSTR field and
9 SENDI 0x0 RW | ISIZE field in CFG register)

Indicates whether an address phase should be sent (see ADDR register and
8 SENDA 0x0 RW | ASIZE field in CFG register)

Indicates whether TX->RX turnaround cycles should be enabled for this
7 ENTURN 0x0 RW | operation (see TURNAROUND field in CFG register).

1 indicates data in FIFO is in big endian format (MSB first); O indicates little

6 BIGENDIAN 0x0 RW | endian data (default, LSB first).
5:4 RSVD 0x0 RO RESERVED
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Table 329: CTRL Register Bits

Bit Name Reset RW Description
3 RSVD 0x0 Ro | Reserved
2 BUSY 0x0 RO Command status: 1 indicates controller is busy (command in progress)
Command status: 1 indicates command has completed. Cleared by writing
1 STATUS 0x0 RO | 1 to this bit or starting a new transfer.
Write to 1 to initiate a PIO transaction on the bus (typically the entire register
0 START 0x0 RW | should be written at once with this bit set).

7.10.2.2 CFG Register
MSPI Transfer Configuration Register
OFFSET: 0x00000004
INSTANCE 0 ADDRESS: 0x50014004

Command formatting for P10 based transactions (initiated by writes to CTRL register)

Table 330: CFG Register

3|2 2(2|2(2|2|2 2(1|1(1|1(1|1;1(1|1(1|0(0|j0[0|0|0|0|O 0
1109 7(6|5(4|3]|2 0 7/6|5(4 1 9(8|7(6|5[4|3|2(1|0
J|<| a Olw| W
RSVD 8 = 5 TURNAROUND o [N N DEVCFG
w | v (7]
O |0 o n |- <
Table 331: CFG Register Bits
Bit Name Reset RW Description
31:18 RSVD 0x0 RO RESERVED
Serial clock polarity.
i CPOL 0x0 RW LOW = 0x0 - Clock inactive state is low.
HIGH = 0x1 - Clock inactive state is high.
Serial clock phase.
16 CPHA 0x0 RW MIDDLE = 0x0 - Clock toggles in middle of data bit.
START = 0x1 - Clock toggles at start of data bit.
15:14 RSVD 0x0 RO RESERVED
Number of turnaround cycles (for TX->RX transitions). Qualified by
13:8 TURNAROUND 0x0 RW | ENTURN or XIPENTURN bit field.
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Table 331: CFG Register Bits

Bit

Name

Reset

RW

Description

SEPIO

0x0

RW

Separate |0 configuration. This bit should be set when the target device has
separate MOSI and MISO pins. Respective IN/OUT bits below should be set
to map pins.

ISIZE

0x0

RW

Instruction Size

5:4

ASIZE

0x0

RW

Address Size. Address bytes to send from ADDR register

3:0

DEVCFG

0x1

RW

Flash configuration for XIP and AUTO DMA operations. Controls value for
SER (Slave Enable) for XIP operations and address generation for DMA/
XIP modes. Also used to configure SPIFRF (frame format).

SERIALO = 0x1 - Single bit SPI flash on chip select 0
SERIAL1 = 0x2 - Single bit SPI flash on chip select 1
DUALDO = 0x5 - Dual SPI flash on chip select 0
DUAL1 = 0x6 - Dual bit SPI flash on chip select 1
QUADO = 0x9 - Quad SPI flash on chip select 0
QUAD1 = 0xA - Quad SPI flash on chip select 1
OCTALO = 0xD - Octal SPI flash on chip select 0
OCTAL1 = OxE - Octal SPI flash on chip select 1

7.10.2.3 ADDR Register
MSPI Transfer Address Register

OFFSET: 0x00000008

INSTANCE 0 ADDRESS: 0x50014008

Optional Address field to send for PIO transfers

Table 332: ADDR Register

33 222 2(2|2(2|1|{1|1|1(1|1(1|1{1|1|]0(0|0f(O0|O0O[O0|O0O|0|0]|O
110 8(7|6 3(2|1(0 4 1 9(8|7(6|5[4|3|2(1]|0
ADDR
Table 333: ADDR Register Bits

Bit Name Reset RW Description
Optional Address field to send (after optional instruction field) - qualified by
31:0 ADDR 0x0 RW | ASIZE in CMD register. NOTE: This register is aliased to DMADEVADDR.

7.10.2.4 INSTR Register

MSPI Transfer Instruction
OFFSET: 0x0000000C
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INSTANCE 0 ADDRESS: 0x5001400C

Optional Instruction field to send for PIO transfers

Table 334: INSTR Register

3|12(2(2(2(2|2|2]|2 2|1(1(1(1}1}1|1|1|1(1(0(0|0|0|0|O0|O0|O 0
1,0/9|8|7|(6(5/4|3|2|1|/0(9(8|7|6|5|4|3(2(1|0|9|8|7|6|5[4[3|2|1]|0
RSVD INSTR
Table 335: INSTR Register Bits

Bit Name Reset RW Description
31:16 RSVD 0x0 RO RESERVED
15:0 INSTR 0x0 RW Optional Instruction field to send (1st byte) - qualified by ISEND/ISIZE

7.10.2.5 TXFIFO Register

TX Data FIFO

OFFSET: 0x00000010

INSTANCE 0 ADDRESS: 0x50014010
TX Data FIFO

Table 336: TXFIFO Register

-

-
-
-
-
-
o
o
o
o
o
o
o
o
o
o

1111
8|7/6(5(4/3/2|1|/0/9(8|7(6|5|4|3|2|1(0

-

TXFIFO

Table 337: TXFIFO Register Bits

Bit Name Reset RW Description
Data to be transmitted. Data should normal be aligned to the LSB (pad the
31:0 TXFIFO 0x0 WO | upper bits with zeros) unless BIGENDIAN is set.

7.10.2.6 RXFIFO Register

RX Data FIFO

OFFSET: 0x00000014

INSTANCE 0 ADDRESS: 0x50014014
RX Data FIFO
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Table 338: RXFIFO Register

2(1]1(1]1]1

1
4

1

1

-
o
o
o
o
o
o
o
o
o
o

RXFIFO

Table 339: RXFIFO Register Bits

Bit

Name

Reset

RW

Description

31:0

RXFIFO

0x0

Receive data. Data is aligned to the LSB (padded zeros on upper bits)
RO | unless BIGENDIAN is set.

7.10.2.7 TXENTRIES Register
TX FIFO Entries

OFFSET: 0x00000018
INSTANCE 0 ADDRESS: 0x50014018
Number of words in TX FIFO

Table 340: TXENTRIES Register

2(1]1(1]1]1

-

1

1

110/0/0|0(O0O|O0OfO|jO0O[O0]|O
9(8|7(6|5[4|3/2(1|0

RSVD

TXENTRIES

Table 341: TXENTRIES Register Bits

Bit Name Reset RW Description
31:5 RSVD 0x0 RO RESERVED
4:0 TXENTRIES 0x0 RO Number of 32-bit words/entries in TX FIFO

7.10.2.8 RXENTRIES Register
RX FIFO Entries

OFFSET: 0x0000001C

INSTANCE 0 ADDRESS: 0x5001401C
Number of words in RX FIFO
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Table 342: RXENTRIES Register

3|3 2|2(2|2|2|2|2|2|2|1|{1|{1|1{1|{1|1|1|1|1|0|0|0|0|0|0|0|0|0]|0O0
1(0 8|7|6|5|{4(3|2|1]|0 8/7/6|5/{4|3|{2|{1/0(9|8|7|6|5|4|3|2|1]|0
RSVD RXENTRIES
Table 343: RXENTRIES Register Bits
Bit Name Reset RW Description
31:5 RSVD 0x0 RO RESERVED
4:0 RXENTRIES 0x0 RO Number of 32-bit words/entries in RX FIFO

7.10.2.9 THRESHOLD Register
TX/RX FIFO Threshold Levels

OFFSET: 0x00000020
INSTANCE 0 ADDRESS: 0x50014020
Threshold levels that trigger RXFull and TXEmpty interrupts

Table 344: THRESHOLD Register

3 2222|222 2{1/1/{1{1{1{1{1;1;(1(1(0{0{0|0|0|0|0|0|0)|0
110 8,7/,6/5/4|3/2|{1/,0|9,8|7|6|5/4/3[2|{1/0|98|7|6|5|4[3|2|1|0
RSVD RSVD RXTHRESH RSVD TXTHRESH
Table 345: THRESHOLD Register Bits
Bit Name Reset RW Description
31:16 RSVD 0x0 RO RESERVED
15:13 RSVD 0x0 RO RESERVED
12:8 RXTHRESH 0x0 RW Number of entries in TX FIFO that cause RXE interrupt
7:5 RSVD 0x0 RO RESERVED
40 TXTHRESH 0x0 RW Number of entries in TX FIFO that cause TXF interrupt
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7.10.2.10MSPICFG Register

MSPI Module Configuration
OFFSET: 0x00000100

INSTANCE 0 ADDRESS: 0x50014100

Timing configuration bits for the MSPI module. PRSTN, IPRSTN, and FIFORESET can be used to reset
portions of the MSPI interface in order to clear error conditions. The remaining bits control clock frequency
and TX/RX capture timings.

Table 346: MSPICFG Register

-
o
o
o
o
o
o
o
o

2(1]1(1]1]1 1111
0(9|8(7|6[(5|43(2{1(0]|9|8

N
N
N
N
N
N
N
N
-

~
(=]
(3]
»
(2]
N
-
o

-
o
©
©
~
o
a
£
w
N
-

RSVD CLKDIV

RSVD
IOMSEL
TXNEG
RXNEG
RXCAP
APBCLK

PRSTN
IPRSTN
FIFORESET

Table 347: MSPICFG Register Bits

Bit Name Reset RW Description

Peripheral reset. Master reset to the entire MSPI module (DMA, XIP, and
31 PRSTN 0x1 RW | transfer state machines). 1=normal operation, 0=in reset.

IP block reset. Write to 0 to put the transfer module in reset or 1 for normal
operation. This may be required after error conditions to clear the transfer

30 IPRSTN 0x1 RW on the bus.

Reset MSPI FIFO (active high). 1=reset FIFO, 0=normal operation. May be
29 FIFORESET 0x0 RW | used to manually flush the FIFO in error handling.

28:14 RSVD 0x0 RO RESERVED

Clock Divider. Allows dividing 48 MHz base clock by integer multiples. Enu-
merations are provided for common frequency, but any integer divide from
48 MHz is allowed. Odd divide ratios will result in a 33/66 percent duty cycle
with a long low clock pulse (to allow longer round-trip for read data).

13:8 CLKDIV 0x2 RW CLK24 = 0x2 - 24 MHz MSPI clock
CLK12 = 0x4 - 12 MHz MSPI clock
CLK®6 = 0x8 - 6 MHz MSPI clock
CLK3 = 0x10 - 3 MHz MSPI clock
CLK1_5 = 0x20 - 1.5 MHz MSPI clock

7 RSVD 0x0 RO RESERVED
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Table 347: MSPICFG Register Bits

Bit Name Reset RW Description

Selects which IOM is selected for CQ handshake status.

IOMO = 0x0 - IOMO selected
IOM1 = 0x1 - IOM1 selected
6:4 IOMSEL 0x0 RW | IOM2 = 0x2 - IOM2 selected
IOM3 = 0x3 - IOM3 selected
IOM4 = 0x4 - IOM4 selected
IOM5 = 0x5 - IOM5 selected
DISABLED = 0x7 - No IOM selected. Signals always zero.

Launches TX data a half clock cycle (~10ns) early. This should normally be
programmed to zero (NORMAL).

3 TXNEG 0x0 RW
NORMAL = 0x0 - TX launched from posedge internal clock
NEGEDGE = 0x1 - TX data launched from negedge of internal clock
Adjusts the RX capture phase to the negedge of the 48MHz internal clock
(~10ns early). For normal operation, it is expected that RXNEG will be set to
2 RXNEG 0x0 RW 0.
NORMAL = 0x0 - RX data sampled on posedge of internal clock
NEGEDGE = 0x1 - RX data sampled on negedge of internal clock
Controls RX data capture phase. A setting of 0 (NORMAL) captures read
data at the normal capture point relative to the internal clock launch point.
However, to accomodate chip/pad/board delays, a setting of RXCAP of 1 is
expected to be used to align the capture point with the return data window.
1 RXCAP 0x0 RW Th.|s bit is used in conjunction with RXNEG to provide 4 unique capture
points, all about 10ns apart.
NORMAL = 0x0 - RX Capture phase aligns with CPHA setting
DELAY = 0x1 - RX Capture phase is delayed from CPHA setting by one
clock edge
Enable continuous APB clock. For power-efficient operation, APBCLK
should be set to 0.
0 APBCLK 0x0 RW

DIS = 0x0 - Disable continuous clock.
EN = 0x1 - Enable continuous clock.

7.10.2.11PADCFG Register

MSPI Output Pad Configuration
OFFSET: 0x00000104

INSTANCE 0 ADDRESS: 0x50014104

Configuration bits for the MSPI pads. Allows pads associated with the upper quad to be mapped to
corresponding bits on the lower quad. Use of QuadO pins is recommended for optimal timing.

Table 348: PADCFG Register

3|12(2(2(2|2|2|2|2|2(2(1|{1|1|1|1|1|(1(1|1|1|0|0|0fO0fO0O[O0|O0|O0]|O0]|O
1,0/9|8(7|(6(5/4/3|2|1/0(9(8|7|6|5|4|3(2(1|0|9|8|7|6(|5[4[3[2|1]|0
A ~lo|w s |m

RSVD S22z INO RSVD 51551515

A o|o|o|o|O
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Table 349: PADCFG Register Bits

Bit Name Reset RW Description

31:22 RSVD 0x0 RO RESERVED
Reverse CS connections. Allows CS1 to be associated with lower data

21 REVCS 0x0 RW | lanes and CSO0 to be associated with upper data lines

20 IN3 0x0 RW Data Input pad 3 pin muxing: 0=pad[3] 1=pad[7]

19 IN2 0x0 RW Data Input pad 2 pin muxing: 0=pad[2] 1=pad[6]

18 N1 0x0 RW Data Input pad 1 pin muxing: O=pad[1] 1=pad[5]
1716 INO 0x0 RW Data Input pad 0 pin muxing: 0=pad[0] 1=pad[4] 2=pad[1] 3=pad[5]
15:5 RSVD 0x0 RO RESERVED

4 OUT? 0x0 RW Output pad 7 configuration. 0=data[7] 1=data[3]

3 ouTS 0x0 RW Output pad 6 configuration. 0=data[6] 1=data[2]

2 ouT5 0x0 RW Output pad 5 configuration. 0=data[5] 1=data[1]

1 ouUT4 0x0 RW Output pad 4 configuration. 0=data[4] 1=data[0]

0 ouT3 0x0 RW Output pad 3 configuration. 0=data[3] 1=CLK

7.10.2.12PADOUTEN Register

MSPI Output Enable Pad Configuration

OFFSET: 0x00000108

INSTANCE 0 ADDRESS: 0x50014108
Enable bits for the MSPI output pads. Each active MSPI line should be set to 1 in the OUTEN field below.

Table 350: PADOUTEN Register

3 2|2 2|2 2(1|1(1|1(1|1;1(1|1(1|0(0j0[0|0|0|0|O 0

110 76 3(2|1/0|9|/8|7,6|5|4(3|2({1|/0|9(8|7(6|5[4|3|2|1]|0
RSVD OUTEN
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Table 351:

PADOUTEN Register Bits

Bit

Name

Reset

RW

Description

31:9

RSVD

0x0

RO

RESERVED

8:0

OUTEN

0x0

RW

Output pad enable configuration. Indicates which pads should be driven.
Bits [3:0] are QuadO data, [7:4] are Quad1 data, and [8] is clock.

QUADO = 0x10F - Quad0 (4 data + 1 clock)
QUAD1 = 0x1F0 - Quad1 (4 data + 1 clock)
OCTAL = 0x1FF - Octal (8 data + 1 clock)

SERIALO = 0x103 - Serial (2 data + 1 clock)

7.10.2.13FLASH Register
Configuration for XIP/DMA support of SPI flash modules.
OFFSET: 0x0000010C
INSTANCE 0 ADDRESS: 0x5001410C

When any SPI flash is configured, this register must be properly programmed before XIP or AUTO DMA
operations commence.

Table 352: FLASH Register

3|3|2(2|2|2]|2 2|2 2/1/1|{1{1{1{1{1{1{1{1(0]|0 0/0|0|{0|0|0|0O
1/0(9(8(7(6|5 3|2 0987|6543 |2|{1/0|9|8|7|6|5|4|3|2|1]|0
z |2
a sl8|Z|a| « >
< Z|lz|2|=z O o &
READINSTR WRITEINSTR RSVD S % i E ) < 5 a
B | |E\HIE| R |®|X
S I R
X
Table 353: FLASH Register Bits
Bit Name Reset RW Description
31:24 READINSTR oxb RW Read command sent to flash for DMA/XIP operations
23:16 WRITEINSTR 0x6 RW Write command sent for DMA operations
15:11 RSVD 0x0 RO RESERVED
NORMAL = 0x0 - Transfers all proceed using the settings in CFG_DEVCFG
field (everything in the same data rate)
. D2 = 0x1 - Data operations proceed in dual data rate
108 XIPMIXED 0x0 RW AD2 = 0x3 - Address and Data operations proceed in dual data rate
D4 = 0x5 - Data operations proceed in quad data rate
AD4 = 0x7 - Address and Data operations proceed in quad data rate
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Table 353: FLASH Register Bits

Bit

Name

Reset

RW

Description

XIPSENDI

0x0

RW

Indicates whether XIP/AUTO DMA operations should send an instruction
(see READINSTR field and ISIZE field in CFG)

XIPSENDA

0x0

RW

Indicates whether XIP/AUTO DMA operations should send an an address
phase (see DMADEVADDR register and ASIZE field in CFG)

XIPENTURN

0x0

RW

Indicates whether XIP/AUTO DMA operations should enable TX->RX turn-
around cycles

XIPBIGENDIAN

0x0

RW

Indicates whether XIP/AUTO DMA data transfers are in big or little endian
format

3:2

XIPACK

0x0

RW

Controls transmission of Micron XIP acknowledge cycles (Micron Flash
devices only)

NOACK = 0x0 - No acknowledge sent. Data IOs are tristated the first turn-
around cycle

ACK = 0x2 - Positive acknowledge sent. Data 10s are driven to 0 the first
turnaround cycle to acknowledge XIP mode

TERMINATE = 0x3 - Negative acknowledge sent. Data |Os are driven to 1
the first turnaround cycle to terminate XIP mode. XIPSENDI should be reen-
abled for the next transfer

RSVD

0x0

RO

RESERVED

XIPEN

0x0

RW

Enable the XIP (eXecute In Place) function which effectively enables the
address decoding of the MSPI device in the flash/cache address space at
address 0x04000000-0x07FFFFFF.

7.10.2.14SCRAMBLING Register
External Flash Scrambling Controls
OFFSET: 0x00000120
INSTANCE 0 ADDRESS: 0x50014120

Enables data scrambling for the specified range external flash addresses. Scrambling does not impact

flash access performance.

Table 354: SCRAMBLING Register

33 2 (2|22 2(2|2(2|1|{1|1}1(1|1(1|1{1|1|]0(0|0(0|O0[O0|O0O|0|0]|O
110 8(7|6|5 3(2|1(0 4 1 9(8|7(6|5[4|3|2(1|0
w

-

2

5 RSVD SCREND RSVD SCRSTART

o

O

(]
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Table 355: SCRAMBLING Register Bits
Bit Name Reset RW Description
Enables Data Scrambling Region. When 1 reads and writes to the range will
be scrambled. When 0, data will be read/written unmodified. Address range
31 SCRENABLE 0x0 RW | is specified in 64K granularity and the START/END ranges are included
within the range.
30:26 RSVD 0x0 RO RESERVED
Scrambling region end address [25:16] (64K block granularity). The END
25:16 SCREND 0x0 RW | block is the LAST block included in the scrambled address range.
15:10 RSVD 0x0 RO RESERVED
Scrambling region start address [25:16] (64K block granularity). The START
9:0 SCRSTART 0x0 RW | block is the FIRST block included in the scrambled address range.

7.10.2.15INTEN Register

MSPI Master Interrupts: Enable
OFFSET: 0x00000200
INSTANCE 0 ADDRESS: 0x50014200

Set bits in this register to allow this module to generate the corresponding interrupt.

Table 356: INTEN Register

3 2 (2|22 2|2 2(1|1(1|1(1|1;1(1|1(1|0(0j0[0|0|0|0]|O 0
110 8(7|6|5 3(2|1(0 4 110(9(8|7(6|5(4|3[2|1]|0
o
2y Wiala g
o () X o =
RSVD w2532 3|%(2(22(¥]8
oogogggmmmn—n—E
n|O|g|o|o o
o
Table 357: INTEN Register Bits
Bit Name Reset RW Description
31:13 RSVD 0x0 RO RESERVED
Scrambling Alignment Error. Scrambling operations must be aligned to word
12 SCRERR 0x0 RW | (4-byte) start address.
1 CQERR 0x0 RW Command Queue Error Interrupt
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Table 357: INTEN Register Bits

Bit Name Reset RW Description
10 CQPAUSED 0x0 RW Command Queue is Paused.
Command Queue Update Interrupt. Issued whenever the CQ performs an
9 CQUPD 0x0 RW operation where address bit[0] is set. Useful for triggering CURIDX inter-
rupts.
8 CQCMP 0x0 RW Command Queue Complete Interrupt
7 DERR 0x0 RW DMA Error Interrupt
6 DCMP 0x0 RW DMA Complete Interrupt
5 RXE 0x0 RW Receive FIFO full
Receive FIFO overflow (cannot happen in MSPI design -- MSPI bus pins will
4 RXO 0x0 RW | stall)
3 RXU 0x0 RW Receive FIFO underflow (only occurs when SW reads from an empty FIFO)
2 O 0x0 RW Transmit FIFO Overflow (only occurs when SW writes to a full FIFO).
1 TXE 0x0 RW Transmit FIFO empty.
Transfer complete. Note that DMA and CQ operations are layered, so CMD-
0 CMDCMP 0x0 RW | CMP, DCMP, and CQ* can all be signaled simultaneously

7.10.2.16INTSTAT Register
MSPI Master Interrupts: Status

OFFSET: 0x00000204

INSTANCE 0 ADDRESS: 0x50014204

Read bits from this register to discover the cause of a recent interrupt.

Table 358: INTSTAT Register

313 222 22 2(1|1(1|1{1(1;1(1|1(1|j0(0|0|0f(0|O0O(O0|O0O 0|0
1 8|7]|6 3|2 0|98 6 4(3(2/1|0|9|8|7|6|5[4(3|2|1]|0
]
2y |Wio|a g
o 7] r|o =
RSVD wE2(5(3|2(31%|22(%]%18
Slaglg|g|g|a|g|x|z|z|F ||
»h|O|T|O |0 o
o
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Table 359: INTSTAT Register Bits

Bit Name Reset RW Description
31:13 RSVD 0x0 Ro | RESERVED
Scrambling Alignment Error. Scrambling operations must be aligned to word
12 SCRERR 0x0 RW | (4-byte) start address.
1 CQERR 0x0 RW Command Queue Error Interrupt
10 CQPAUSED 0x0 RW Command Queue is Paused.
Command Queue Update Interrupt. Issued whenever the CQ performs an
9 CQUPD 0x0 RW operation where address bit[0] is set. Useful for triggering CURIDX inter-
rupts.
8 CcaQcMP 0x0 RW Command Queue Complete Interrupt
7 DERR 0x0 RW DMA Error Interrupt
6 DCMP 0x0 RW DMA Complete Interrupt
5 RXE 0x0 RW Receive FIFO full
Receive FIFO overflow (cannot happen in MSPI design -- MSPI bus pins will
4 RXO 0x0 RW | stall)
3 RXU 0x0 RW Receive FIFO underflow (only occurs when SW reads from an empty FIFO)
2 O 0x0 RW Transmit FIFO Overflow (only occurs when SW writes to a full FIFO).
1 TXE 0x0 RW Transmit FIFO empty.
Transfer complete. Note that DMA and CQ operations are layered, so CMD-
0 CMDCMP 0x0 RW | CMP, DCMP, and CQ* can all be signaled simultaneously

7.10.2.17INTCLR Register
MSPI Master Interrupts: Clear

OFFSET: 0x00000208

INSTANCE 0 ADDRESS: 0x50014208

Write a 1 to a bit in this register to clear the interrupt status associated with that bit.
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Table 360: INTCLR Register

3|3(2(2|2|2]|2 2 2(2(2{1{1{1|1{1{1|1|1|1]1]0]0 0/0|{0|{0|0|0|O
1/0(9(8(7 (6|5 3/]2(1|0 4 1/,0(9(8(7(6|5(4(3(2(1/0
[a)
Cly W ala L
[vd n X |o =
RSVD WG 253|235 1%|2IR[%]%]8
Slaglx|g|g|a|8|x|ze|z|F ||
alO|ag|o|o 5
O
Table 361: INTCLR Register Bits
Bit Name Reset RW Description
31:13 RSVD 0x0 RO RESERVED
Scrambling Alignment Error. Scrambling operations must be aligned to word
12 SCRERR 0x0 RW | (4-byte) start address.
1 CQERR 0x0 RW Command Queue Error Interrupt
10 CQPAUSED 0x0 RW Command Queue is Paused.
Command Queue Update Interrupt. Issued whenever the CQ performs an
9 CQUPD 0x0 RW operation where address bit[0] is set. Useful for triggering CURIDX inter-
rupts.
8 CQCMP 0x0 RW Command Queue Complete Interrupt
7 DERR 0x0 RW DMA Error Interrupt
6 DCMP 0x0 RW DMA Complete Interrupt
5 RXE 0x0 RW Receive FIFO full
Receive FIFO overflow (cannot happen in MSPI design -- MSPI bus pins will
4 RXO 0x0 RW | stall)
3 RXU 0x0 RW Receive FIFO underflow (only occurs when SW reads from an empty FIFO)
2 O 0x0 RW Transmit FIFO Overflow (only occurs when SW writes to a full FIFO).
1 TXE 0x0 RW Transmit FIFO empty.
Transfer complete. Note that DMA and CQ operations are layered, so CMD-
0 CMDCMP 0x0 RW | CMP, DCMP, and CQ* can all be signaled simultaneously
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7.10.2.18INTSET Register
MSPI Master Interrupts: Set

OFFSET: 0x0000020C

INSTANCE 0 ADDRESS: 0x5001420C

Write a 1 to a bit in this register to instantly generate an interrupt from this module. (Generally used for
testing purposes).

Table 362: INTSET Register

3|3 22|22 2|2 2 (1|1 (111|111 110 ofjojojfojo0|0|0|O
110 8|7|6|5 3, 2{1/0(9,8|7|6|5{4|3|2|1/0|9,8|7|6|5|4|3|2|1]|0
[a]
2y |Wiala g
o () | o =
RSVD WG 2(5(3|2|51%|22[%]%18
Sl |g|o|8|8|x |z x|~ ||
n|O|ag|o|o o
O
Table 363: INTSET Register Bits
Bit Name Reset RW Description
31:13 RSVD 0x0 Ro | RESERVED
Scrambling Alignment Error. Scrambling operations must be aligned to word
12 SCRERR 0x0 RW | (4-byte) start address.
1 CQERR 0x0 RW Command Queue Error Interrupt
10 CQPAUSED 0x0 RW Command Queue is Paused.
Command Queue Update Interrupt. Issued whenever the CQ performs an
9 CQUPD 0x0 RW operation where address bit[0] is set. Useful for triggering CURIDX inter-
rupts.
8 cacMpP 0x0 RW Command Queue Complete Interrupt
7 DERR 0x0 RW DMA Error Interrupt
6 DCMP 0x0 RW DMA Complete Interrupt
5 RXE 0x0 RW Receive FIFO full
Receive FIFO overflow (cannot happen in MSPI design -- MSPI bus pins will
4 RXO 0x0 RW | stall)
3 RXU 0x0 RW Receive FIFO underflow (only occurs when SW reads from an empty FIFO)
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Table 363: INTSET Register Bits

Bit Name Reset RW Description
2 O 0x0 RW Transmit FIFO Overflow (only occurs when SW writes to a full FIFO).
1 TXE 0x0 RW Transmit FIFO empty.
Transfer complete. Note that DMA and CQ operations are layered, so CMD-
0 CMDCMP 0x0 RW | CMP, DCMP, and CQ* can all be signaled simultaneously

7.10.2.19DMACFG Register
DMA Configuration Register

OFFSET: 0x00000250
INSTANCE 0 ADDRESS: 0x50014250

DMA Configuration Register

Table 364: DMACFG Register

3(2|2(2|2|2|2|2|2 2(1|1(1|1(1|1;1(1|1(1|0(0j0[0|0|0|0|O 0
110(9(8|7(6|5(4|3|2|1|0 8 4 110(9(8|7(6|5(4|3(2|1]|0
[T
S 7z |x
c 5 |a| &
RSVD < RSVD < | <
% z 3| 3
< a a
a
Table 365: DMACFG Register Bits
Bit Name Reset RW Description
31:19 RSVD 0x0 RO RESERVED.
18 DMAPWROFE 0x0 RW Power off MSPI domain upon completion of DMA operation.
17:5 RSVD 0x0 Ro | RESERVED.
Sets the Priority of the DMA request
. LOW = 0x0 - Low Priority (service as best effort)
43 DMAPRI 0x0 RW HIGH = 0x1 - High Priority (service immediately)
AUTO = 0x2 - Auto Priority (priority raised once TX FIFO empties or RX
FIFO fills)
Direction
2 DMADIR 0x0 RW P2M = 0x0 - Peripheral to Memory (SRAM) transaction
M2P = 0x1 - Memory to Peripheral transaction
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Table 365: DMACFG Register Bits

Bit Name Reset RW Description

DMA Enable. Setting this bit to EN will start the DMA operation

. DIS = 0x0 - Disable DMA Function

10 DMAEN 0x0 RW EN = 0x3 - Enable HW controlled DMA Function to manage DMA to flash
devices. HW will automatically handle issuance of instruction/address bytes
based on settings in the FLASH register.

7.10.2.20DMASTAT Register

DMA Status Register

OFFSET: 0x00000254

INSTANCE 0 ADDRESS: 0x50014254
DMA Status Register

Table 366: DMASTAT Register

-
-
-
-
-
o
o
o
o
o
o
o
o
o

3(3|2(2|2(|2|2|2(2|2(|2|2(1|1(1]|1]1
110/9(8,7(6|5(4|3[{2|1|{0(9|8(7|6[5|4|3(2|1(0|9(8|7|6|5|4

w
N
-
o

RSVD

SCRERR

DMAERR

DMACPL
DMATIP

Table 367: DMASTAT Register Bits

Bit Name Reset RW Description

31:4 RSVD 0x0 RO RESERVED.

Scrambling Access Alignment Error. This active high bit signals that a
3 SCRERR 0x0 RW | scrambling operation was specified for a non-word aligned DEVADDR.

DMA Error. This active high bit signals that an error was encountered during
2 DMAERR 0x0 RW | the DMA operation.

1 DMACPL 0x0 RW DMA Transfer Complete. This signals the end of the DMA operation.

DMA Transfer In Progress indicator. 1 will indicate that a DMA transfer is
active. The DMA transfer may be waiting on data, transferring data, or wait-
0 DMATIP 0x0 RO | ing for priority. All of these will be indicated with a 1. A 0 will indicate that the
DMA is fully complete and no further transactions will be done.

7.10.2.21DMATARGADDR Register
DMA Target Address Register
OFFSET: 0x00000258
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INSTANCE 0 ADDRESS: 0x50014258
DMA Target Address Register

Table 368: DMATARGADDR Register

3(3|2(2|2|2|2|2(2|2(2|2{1|1|1|1|1(1|1(1|1{1|]0]{0|0|O0f(0|O0O(0|O0 0|0
110/9/8/7(6/5(4|3({2|1/0|9,8(7|6(5|4(3|2|1|(0,9(8|7(6|5[4|3 2|10

TARGADDR

Table 369: DMATARGADDR Register Bits

Bit Name Reset RW Description

Target byte address for source of DMA (either read or write). In cases of
non-word aligned addresses, the DMA logic will take care for ensuring only

310 TARGADDR 0x0 RW the target bytes are read/written.

7.10.2.22DMADEVADDR Register
DMA Device Address Register
OFFSET: 0x0000025C

INSTANCE 0 ADDRESS: 0x5001425C
DMA Device Address Register

Table 370: DMADEVADDR Register

-
-
-
-
o
o
o
o
o
o
o
o
o

3|13(2(2(2|2|2|2|2|2|2(2(1|1|1]|1]|1]|1
1,0/9|8(7(6(5/4/3|2|1/0(9(8|7|6|5|4|3(2(1/0|9|8|7|6|5[4/3[2|1]|0

DEVADDR

Table 371: DMADEVADDR Register Bits

Bit Name Reset RW Description

310 DEVADDR 0x0 RW SPI Device address for automated DMA transactions (both read and write).

7.10.2.23DMATOTCOUNT Register
DMA Total Transfer Count

OFFSET: 0x00000260

INSTANCE 0 ADDRESS: 0x50014260
DMA Total Transfer Count
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Table 372: DMATOTCOUNT Register

3(3|2(2|2(2|2|2(2|2(2|2(1]|1(1]|1]1

-

1|j1(1/1(0(0|0(0|0j0|0 00O

RSVD TOTCOUNT

Table 373: DMATOTCOUNT Register Bits

Bit Name Reset RW Description
31:16 RSVD 0x0 Ro | Reserved
15:0 TOTCOUNT 0x0 RW Total Transfer Count in bytes.

7.10.2.24DMABCOUNT Register
DMA BYTE Transfer Count

OFFSET: 0x00000264

INSTANCE 0 ADDRESS: 0x50014264
DMA BYTE Transfer Count

Table 374: DMABCOUNT Register

RSVD BCOUNT

Table 375: DMABCOUNT Register Bits

Bit Name Reset RW Description

31:8 RSVD 0x0 Ro | Reserved

Burst transfer size in bytes. This is the number of bytes transferred when a
7:0 BCOUNT 0x0 RW | FIFO trigger event occurs. Recommended values are 16 or 32.

7.10.2.25DMATHRESH Register
DMA Transmit Trigger Threshold
OFFSET: 0x00000278

INSTANCE 0 ADDRESS: 0x50014278

Indicates FIFO level at which a DMA should be triggered. For most configurations, a setting of 8 is
recommended for both read and write operations.
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Table 376: DMATHRESH Register

3(3|2 222 2(2|2(1|1[1|1]1|1]1|1 110/0(0/{0(O0O|O0OfO|O0O[O0]|O
1109 7/6|5 2(1|0 4 9(8|7(6|5[4|32(1|0
T
%)
o4
RSVD T
%
=
a
Table 377: DMATHRESH Register Bits
Bit Name Reset RW Description
31:4 RSVD 0x0 RO RESERVED
DMA transfer FIFO level trigger. For read operations, DMA is triggered
when the FIFO level is greater than this value. For write operations, DMA is
3:0 DMATHRESH 0x8 RW | triggered when the FIFO level is less than this level. Each DMA operation
will consist of BCOUNT bytes.

7.10.2.26CQCFG Register

Command Queue Configuration Register
OFFSET: 0x000002A0

INSTANCE 0 ADDRESS: 0x500142A0

This register controls Command Queuing (CQ) operations in a manner similar to the DMACFG register.

Table 378: CQCFG Register

3(3|2 222 2(2|2(2|1(1|1 |1 (1]|1([1]1 110/0(0|0(O0O|O0Of(O|O[O0]|O
1109 7/6|5 3(2|(1(0]|9(8 6 4 3|2 0(9|8(7|6|5|4 110
¥
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Table 379: CQCFG Register Bits

Bit Name Reset RW Description
31:4 RSVD 0x0 RO RESERVED.
Enable clear of CQMASK after each pause operation. This may be useful
3 CQAUTO- 0x0 RW | when using software flags to pause CQ
CLEARMASK 9 gsfop '
2 CQPWROFF 0x0 RW Power off MSPI domain upon completion of DMA operation.
Sets the Priority of the command queue dma request
! CaPRI 0x0 RW LOW = 0x0 - Low Priority (service as best effort)
HIGH = 0x1 - High Priority (service immediately)
Command queue enable. When set, will enable the processing of the com-
mand queue
0 CQEN 0x0 RW
DIS = 0x0 - Disable CQ Function
EN = 0x1 - Enable CQ Function

7.10.2.27CQADDR Register
CQ Target Read Address Register

OFFSET: 0x000002A8

INSTANCE 0 ADDRESS: 0x500142A8

Location of the command queue in SRAM or flash memory. This register will increment as CQ operations
commence. Software should only write CQADDR when CQEN is disabled, however the command queue
script itself may update CQADDR in order to perform queue management functions (like resetting the

pointers)
Table 380: CQADDR Register
3(2|2(2|2]|2 2|2 2(1|1(1|1(1|1;1(1|1(1|0(0|0[0|0O|0|0|O 0
110(9|8|7|6|5 3(2|1(0 4/3(2|1(0|9(8|7|6|5|4(3|2[1]|0
RSVD CQADDR
Table 381: CQADDR Register Bits
Bit Name Reset RW Description
31:29 RSVD 0x0 Ro | Reserved
Address of command queue buffer in SRAM or flash. The buffer address
28:0 CQADDR 0x0 RW | must be aligned to a word boundary.
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7.10.2.28CQSTAT Register

Command Queue Status Register
OFFSET: 0x000002AC
INSTANCE 0 ADDRESS: 0x500142AC

Command Queue Status Register

Table 382: CQSTAT Register

3(3 22|22 2(2|2(1|1{1|1{1(1|1(1|1(1|0]0(0|0(0|0(0O 0|0
110 8(7|6|5 2(1|0 4 1 9(8|7(6|5[4|3|2(1|0
0
|
[72] o o
RSVD 2 (5|8 |E
Llo|g|@
G|O|0|©
O
Table 383: CQSTAT Register Bits
Bit Name Reset RW Description
314 RSVD 0x0 Ro | RESERVED.
3 CQPAUSED 0x0 RO Command queue is currently paused status.
Command queue processing Error. This active high bit signals that an error
2 CQERR 0x0 RW | was encountered during the CQ operation.
Command queue operation Complete. This signals the end of the command
1 CQCPL 0x0 RW | queue operation.
Command queue Transfer In Progress indicator. 1 will indicate that a CQ
0 caTiP 0x0 RO transfer is active and this will remain active even when paused waiting for
external event.

7.10.2.29CQFLAGS Register

Command Queue Flag Register

OFFSET: 0x000002B0

INSTANCE 0 ADDRESS: 0x500142B0

Command Queue Flag Register
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Table 384: CQFLAGS Register

21

111111

-
-
o
o
o
o
o
o
o
o
o
o

1111

CQFLAGS

Table 385: CQFLAGS Register Bits

Bit

Name

Reset

RW

Description

31:16

RSVD

0x0

RO

Reserved

15:0

CQFLAGS

0x0

RO

Current flag status (read-only). Bits [7:0] are software controllable and bits
[15:8] are hardware status.

STOP = 0x8000 - CQ Stop Flag. When set, CQ processing will complete.
CQIDX = 0x4000 - CQ Index Pointers (CURIDX/ENDIDX) match.

DMACPL = 0x800 - DMA Complete Status (hardwired DMACPL bit in
DMASTAT)

CMDCPL = 0x400 - PIO Operation completed (STATUS bit in CTRL regis-
ter)

IOM1READY = 0x200 - IOM Buffer 1 Ready Status (from selected I0OM).
This status is the result of XNOR'ing the IOMOSTART with the incoming sta-
tus from the IOM. When high, MSPI can send to the buffer.

IOMOREADY = 0x100 - IOM Buffer 0 Ready Status (from selected I0OM).
This status is the result of XNOR'ing the IOMOSTART with the incoming sta-
tus from the IOM. When high, MSPI can send to the buffer.

SWFLAG7 = 0x80 - Software flag 7. Can be used by software to start/pause
operations

SWFLAGS6 = 0x40 - Software flag 6. Can be used by software to start/pause
operations

SWFLAGS5 = 0x20 - Software flag 5. Can be used by software to start/pause
operations

SWFLAG4 = 0x10 - Software flag 4. Can be used by software to start/pause
operations

SWFLAG3 = 0x8 - Software flag 3. Can be used by software to start/pause
operations

SWFLAG2 = 0x4 - Software flag 2. Can be used by software to start/pause
operations

SWFLAG1 = 0x2 - Software flag 1. Can be used by software to start/pause
operations

SWFLAGO = 0x1 - Software flag 0. Can be used by software to start/pause
operations

IOM1START = 0x2 - IOM Buffer 1 status (same as SWFLAG1). When linked
to IOM, indicates to IOM that buffer 1 is ready.

IOMOSTART = 0x1 - IOM Buffer 0 status (same as SWFLAGO). When linked
to IOM, indicates to IOM that buffer 0 is ready.

7.10.2.30CQSETCLEAR Register

Command Queue Flag Set/Clear Register
OFFSET: 0x000002B4

INSTANCE 0 ADDRESS: 0x500142B4

Command Queue Flag Set/Clear Register
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Table 386: CQSETCLEAR Register

3(3|2(2|2(2|2|2(2|2(2|2(1]|1(1]|1]1 1|j1(1/1(0(0|0(0|0j0|0 00O
1,0/9|8(7(6(5/4/3|2|1/0(9(8|7|6|5|4|3(2(1/0|9|8|7|6|5[4/3|2|1]|0

-

RSVD CQFCLR CQFTOGGLE CQFSET

Table 387: CQSETCLEAR Register Bits

Bit Name Reset RW Description
31:24 RSVD 0x0 RO Reserved
23:16 CQFCLR 0x0 WO Clear CQFlag status bits.
15:8 CQFTOGGLE 0x0 RO Toggle CQFlag status bits
70 CQFSET 0x0 WO Set CQFlag status bits. Set has priority over clear if both are high.

7.10.2.31CQPAUSE Register
Command Queue Pause Mask Register
OFFSET: 0x000002B8

INSTANCE 0 ADDRESS: 0x500142B8

Command Queue Pause Mask Register

Table 388: CQPAUSE Register

RSVD CQMASK

Table 389: CQPAUSE Register Bits

Bit Name Reset RW Description
31:16 RSVD 0x0 Ro | Reserved
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Table 389: CQPAUSE Register Bits

Bit

Name

Reset

RW

Description

15:0

CQMASK

0x0

RW

CQ will pause processing when ALL specified events are satisfied -- i.e.
when (CQMASK and CQPAUSE)==CQMASK.

STOP = 0x8000 - CQ Stop Flag. When set, CQ processing will complete.
CQIDX = 0x4000 - CQ Index Pointers (CURIDX/ENDIDX) match.

DMACPL = 0x800 - DMA Complete Status (hardwired DMACPL bit in
DMASTAT)

CMDCPL = 0x400 - PIO Operation completed (STATUS bit in CTRL regis-
ter)

IOM1READY = 0x200 - IOM Buffer 1 Ready Status (from selected IOM).
This status is the result of XNOR'ing the IOMOSTART with the incoming sta-
tus from the IOM. When high, MSPI can send to the buffer.

IOMOREADY = 0x100 - IOM Buffer 0 Ready Status (from selected I0M).
This status is the result of XNOR'ing the IOMOSTART with the incoming sta-
tus from the IOM. When high, MSPI can send to the buffer.

SWFLAG7 = 0x80 - Software flag 7. Can be used by software to start/pause
operations

SWFLAG6 = 0x40 - Software flag 6. Can be used by software to start/pause
operations

SWFLAGS5 = 0x20 - Software flag 5. Can be used by software to start/pause
operations

SWFLAG4 = 0x10 - Software flag 4. Can be used by software to start/pause
operations

SWFLAG3 = 0x8 - Software flag 3. Can be used by software to start/pause
operations

SWFLAG2 = 0x4 - Software flag 2. Can be used by software to start/pause
operations

SWFLAG1 = 0x2 - Software flag 1. Can be used by software to start/pause
operations

SWFLAGO = 0x1 - Software flag 0. Can be used by software to start/pause
operations

IOM1START = 0x2 - IOM Buffer 1 status (same as SWFLAG1). When linked
to IOM, indicates to IOM that buffer 1 is ready.

IOMOSTART = 0x1 - IOM Buffer 0 status (same as SWFLAGO). When linked
to IOM, indicates to IOM that buffer 0 is ready.

7.10.2.32CQCURIDX Register

Command Queue Current Index
OFFSET: 0x000002C0

INSTANCE 0 ADDRESS: 0x500142C0

This register can be used in conjunction with the CQENDIDX register to manage the command queue.
Typically software will initialize the CQCURIDX and CQENDIDX to the same value, which will cause the
CQ to be paused when enabled. Software may then add entries to the command queue (in SRAM) and
update CQENDIDX. The command queue operations will then increment CQCURIDX as it processes
operations. Once CQCURIDX==CQENDIDX, the command queue hardware will automatically pause
since no additional operations have been appended to the queue.

Table 390: CQCURIDX Register

3(3|2(2]|2](2 2(2|2(2|1{1|1}1(1|1(1|1{1|1,0(0|0(0|0[0|O0|0|0|O

110,9(8|7|6 3(2|1(0]|9(8 6 4.3(2|{1(0|9(8|7|6|5|4(3|2[1]|0
RSVD CQCURIDX
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Table 391: CQCURIDX Register Bits

Bit Name Reset RW Description

318 RSVD 0x0 Ro | RESERVED.
Can be used to indicate the current position of the command queue by hav-
ing CQ operations write this field. A CQ hardware status flag indicates when

7:0 CQCURIDX 0x0 RW | CURIDX and ENDIDX are not equal, allowing SW to pause the CQ process-
ing until the end index is updated.

7.10.2.33CQENDIDX Register
Command Queue End Index

OFFSET: 0x000002C4
INSTANCE 0 ADDRESS: 0x500142C4

Command Queue End Index

Table 392: CQENDIDX Register

312(2(2|2]|2 2|2 2|1|1|1|1|1|1|1|1|1|1|]0|0|0|0|0|0|O0]|O0 0
1/0(9(8(7(6(5 3/]2(1|0 4 1 9876|543 |2|1]|0
RSVD CQENDIDX
Table 393: CQENDIDX Register Bits
Bit Name Reset RW Description
31:8 RSVD 0x0 RO RESERVED.
Can be used to indicate the end position of the command queue. A CQ
it indi 1=
7:0 CQENDIDX 0x0 RW hardware status plt indices when CURIDX = ENDIDX so that the CQ can
be paused when it reaches the end pointer.
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2
8. [1“C/SPI Master Module
10 CLK
I0M Module
I0OM GLOBAL CSR
MSPI Specific Regs
MI2C Specific Regs
APB_BUS_FABRIC/ N APB & DMA
DMA_CONTROLLER “ INTERFACE DMA/CQ control |OM_CLKGEN
FIFO & FIFO MI2C
Control
I_ (12 Master) LOCAL |, EXTERNAL
IOM_DFIFOO |_ MSPI PIN MUX PADS
IOM_DFIFO1 (SPI Master)
Figure 14. Block Diagram for the I2C/SPI Master Module
8.1 Features

No resources are shared between IOM modules, but within a single IOM module, the submodules share a
common set of FIFO and command resources.

8.1.1 Features common to all submodules

2 Independent 32-byte FIFOs, one dedicated each direction of data transfer

Direct access of all FIFO data from MCU interface, including non-destructive reads.

FIFO mode read/write access (push/pop mechanism)

Direct command, direct data mode. (Command and data written to/read from the module registers
directly)

Direct command, DMA data mode. Commands are written directly to the module, but data is written to/
read from the main SRAM array.

Command queuing operations. Register write operations are read from main SRAM memory and fed
to the register unit in series.

Programmable interrupts

Programmable threshold interrupt level

Configurable clock selection

Read data synchronized internally for MCU access

Ability to send multi-byte offset addresses, with single command

Ability to view FIFO data without causing pop operation

Capability to store data for multiple commands in either FIFO

Programmable number of byte offsets of 0-3
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8.1.2 I2C Master features

- Support for standard mode (100 kHz), Fast mode (400 kHz), and Fast mode+ (1 MHz)
- Support for 7-bit and 10-bit addressing modes

Transfer burst sizes of 0 to 512 bytes.

- Configurable LSB or MSB data transfer.

- Clock stretching support.

8.1.3 SPI Master features

- Support for transaction sizes up to 4095 bytes

- Programmable number of byte offsets of 0-3

- Programmable operation in all polarity modes

- 3-wire and 4-wire read and write support

- Flow control for reads or writes, based on MISO (write flow control), or external, selectable PIO.
- Full duplex operation

8.2 Functional Overview

The Apollo3 Blue SoC includes six 12C/SPI high-speed Master Modules (IOM), shown in Figure 14, each of

which functions as the master of an 12C or SPI interface as selected by the
IOMn_SUBMODCTRL_SMODNEN bits. A 64-byte bidirectional FIFO and a sophisticated Command
mechanism allow simple initiation of 1/0 operations without requiring software interaction.

In 12C mode the 12C/SPI Master supports 7- and 10-bit addressing, multi-master arbitration, interface

frequencies from 1.2 kHz to 1.0 MHz and up to 512-byte burst operations. In SPI mode the 12C/SPI Master
supports up to 4 slaves with automatic nCE selection, 3- and 4-wire implementation, all SPI polarity/phase
combinations and up to 4095-byte burst operations, with both standard embedded address operations and
raw read/write transfers. Interface timing limits are as specified in the Serial Peripheral Interface (SPI)
Master Interface table of the Electrical Characteristics chapter.

The active interface is selected by enabling the module enable bit (SMODNEN) for the interface in the
IOMn_SUBMODCTL register. Only one interface can be active at a time.

Each module contains a separate pair of 32-byte FIFOs, each of which is dedicated to data flow in a single
direction (input or output). The modules support data transfer to or from the module through either direct or
DMA paths. SRAM can be used as the source or the sink of data, and storage data can be used as source
data for IOM transaction. Command Queue operations are also supported to allow commands to be placed
in memory and fetched and executed in series. The Command Queue interface also includes inter-module
flags which allows event communication between other IOM modules, MSPI modules and external pins
through the GPIO interface.

Also supported in the design are test modes for use in setup and power measurements, and debug
facilities to aid in software/hardware debug.

8.3 Power Control

The 6 IOM modules must be enabled in the PWRCTRL_DEVPWREN register prior to access and
operation. The power status of the IOM modules can be read in the PWRCTRL_DEVPWRSTATUS
register. Note that the IOM modules are separated into 2 power domains, referred to as HCPB and HCPC.
IOM modules 0, 1 and 2 are contained in HCPB, while IOM modules 3,4 and 5 are contained in HCPC
power domain.
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8.4 Clocking and Resets

The IOM design uses 2 main clocks, APB_CLK and IO_CLK. The APB_CLK is used for all register and
DMA accesses. It runs at 24 MHz and is interfaced via the APB fabric synchronous interface. The I0_CLK
is used as the source of the interface clock and has selectable frequencies. The overview of the clocking
structure is shown below:

CLKGEN
RIPPLE \ )
™ DIVIDERS 10_CLK
HFRC
@__ FSEL
CLKEN
Y
I0M I0M REGS
MODULE
[0]\Y]
CLKGEN
DMA APB_CLK « hiPle DMA
» Fabric _ IFACE IFC_|CLK
12C
PIN

—  FFO wux 1
SPI

Figure 15. Clocking Structure for IOM Module

The APB_CLK is an internal clock sourced from the bus fabric and operates at a fixed 48 MHz frequency.
It is used for internal communication and is heavily clock gated to reduce dynamic power.

The 10_CLK is generated within the central clocking module and enabled through the
IOMn_CLKCFGIOCLKEN field. This clock must be enabled by software prior to module operation. The
primary frequency of the 10_CLK is selected via the IOMn_CLKCFGFSEL field, and further divided by
either or both of the internal divide by 3 divider (enabled via the IOMn_CLKCFGDIV3 field), or a
programmable divider (enabled by IOMn_CLKCFGDIVEN and division set by IOMn_CLKCFGTOTPER
and IOMn_IOMCLKCFGLOWRPER fields) as shown below.
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Figure 16. I0_CLK Generation

48 MHz —»f
24 MHz —»
» >CLKCTR
768 kHz —»= 1 L
R
e LOWCMP |—{ Set IFC_CLK
DIV3 CLKFF
TOTCMP = Clr
DIVEN

The divided by 3 divider is optional and will provide a 50% duty cycle divided by 3 clock. This divider is
bypassed when the DIV3 field is set to 0.

The output of the DIV3 module is then fed to the programmable divider. This divider can be bypassed or
enabled via the DIVEN field in the CLKCFG. It will divide at a rate of TOTPER+1 (subtract 1 from actual
value when writing TOTPER field), and will toggle at LOWPER+1 clock count of the base |O_CLK from the
DIV3 module. This will generate the final I0_CLK used by the interface module.

The 10_CLK is used for the reference clock for the internal module state machine, and for the external
output clock. The use in both areas is heavily gated and can also be overridden by setting register
IOMn_IOMDBG.IOCLKON field to 1.

8.5 I2C Clock Generation

The 1°C output clock (SCL) is derived from dividing the final I0_CLK by 2. For example, for 1 MHz 1’C
operation, an 10_CLK frequency of 2 MHz is required. Because the state machine will operate at 2x the
target frequency of the interface frequency, the nominal output clk (SCL) duty cycle will be 50%, regardless

of the duty cycle of the IO_CLK. However, the timing specification of some 12C modes require an
asymmetrical duty cycle on the SCL output, with the high period of the clock less than the low period of the
clock. The clocking module allows a programmable delay prior to propagating the rising edge of the SCL
output. This delay is in units of the source I0O_CLK period (prior to any enabled division). This delay is
specified in the IOMn_MI2CCFGSCLENDLY register field. The recommended settings for this register for
each mode are detailed below.

If clock stretching is done by the slave devices attached to the IOM interface, further restrictions must be
observed during the setup of the clock controls. This is due to the possible clock stretch event done within

a single cycle on the I2C SCL. In this case, the minimum SCL high time must be maintained, regardless of

the time the slave releases the SCL. To detect the event within the single 12C cycle, the SCL signal needs
to be sub-sampled. The source I0_CLK is used for this purpose also and allows for sampling of the SCL
signal by a programmable number of source I0_CLK cycles. The sample granularity is determined by the
ratio of the source I0_CLK to final IO_CLK frequency and must allow for synchronization time between the
two domains. The recommended settings for each mode are below. Only speeds of 100 kHz, 400 kHz and
1 MHz are supported. Contact Ambiq for use of other frequencies.
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Table 394: Recommended Mode Settings for Standard I2C Clock Speeds

The full selection table is as follows:

wodo | FseL | owa | DV | TOT|LOW | SWP | soAEN | SoLen otes
1 0 1 243 159 12 15 0 Effective Freq 100 kHz
2 0 1 121 79 6 15 0 Effective Freq 100 kHz
Standard 3 0 1 60 39 3 15 0 Effective Freq 100 kHz
(100kHz) | 4 0 1 | 30 | 19 1 15 0 Effective Freq 93.7 kHz
5 0 1 16 9 1 6 0 Effective Freq 93.7 kHz, Low
power
1 0 1 62 39 7 15 4 Effective Freq 400 kHz
2 0 1 31 19 15 15 2 Effective Freq 400 kHz
,;21 3 0 1|15 | 9 2 7 1 Effective Freq 375 kHz
(400KkHz) | 4 0 1 7 3 1 3 0 Effective Freq 375 kHz
5 0 1 5 3 1 3 0 Effective Freq 375 kHz, Low
power
Fast+ 1 0 1 24 12 1 7 0 Effective Freq 1 MHz
Mode 2 0 1 12 6 1 6 0 Effective Freq 1 MHz
(1 MHz) 3 0 1 6 3 1 3 0 Effective Freq 1 MHz

Table 395: Full Mode Settings for I2C Clock Speeds

8.5.1 SPI Clock Generation
The final 10_CLK is used directly as the SPI clock output. No additional settings are needed.

8.6 FIFO

The IOM module contains 2 uni-directional FIFOs, each 32 bytes wide. These FIFOs are used only for data
storage during IO transactions. The FIFO supports both single (half duplex) and duplex modes of
operation.

During direct mode data transfer operations, 10 data transfer between the IOM module and the MCU is
done by accessing the IOMn_FIFOPOP and IOMn_FIFOPUSH registers. These registers allow read
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(FIFOPOP) and write (FIFOPUSH) of data into and out of the FIFO, and automatic adjustment of pointers
used by the submodules. Only word accesses are permitted to these registers and any unused byte
locations will be ignored or filled with zero. If DMA is enabled during the IO command operation, data will
automatically be read or written into the FIFO from the DMA address and the pointers updated. The FIFO
pointers and data are NOT reset after each command, and care must be taken to not leave any extra data
in the FIFO, as this will be used for subsequent transfers. If needed, there is a manual reset of the FIFO
pointers that can be done using the IOMn_FIFOCTRLFIFORSTN field. Additional information on data
alignment is covered in the later sections of this document.

The submodules will prevent overruns or underruns from the FIFO by pausing the active transaction,
usually by stopping the output clock. Once data is available (write operations) or there is room in the FIFO
(read operations), the transaction will continue.

For debug operations, the IOM module also allows direct access to the FIFO contents through the
IOMn_FIFO aperture. Access via this path does not affect the pointers used by the submodules and
cannot be used to send or receive data as part of the IO operation. The FIFO aperture allows read and
write operations into the write FIFO and read access into the read FIFO. The current FIFO pointers are
readable via the FIFOLOC register. For the write FIFO, this will point to the next location to be written,
while the read FIFO pointer will indicate the next location to be read.

NOTE

When DMA operations are in progress, the FIFOPUSH and FIFOPOP registers
should not be accessed, as this will interfere with the DMA data.

8.7 Data Alignment

All data accesses between the MCU and the IOM interface are word aligned. Since the transfer size is
specified in bytes, unused bytes within the word will either be discarded (for write operations) or filled with
zero (read operations) to align to the next word boundary. DMA operations support a byte starting address,
and the programmed DMA address does not have to be word aligned. Direct mode write operations will
start transferring the least significant byte of the word (little endian style) at the current write FIFO pointer.
If any remaining bytes are unused in a word at the end of the write operation, they will be discarded, and
the write pointer will be set to the next word location. Direct mode read operations will store the first
received byte into the least significant byte of location specified by the read FIFO pointer, and will fill any
unused byte locations with zero if the transaction size is not a word multiple. The FIFO read pointer will
point to the next FIFO location in the read FIFO, which will be word aligned.

8.7.1 Direct Mode Data Transfers

Direct mode data is enabled when DMA is disabled via the IOMn_DMACFGDMAEN and the data transfer
size (TSIZE) is greater than 0. In this mode, the MCU transfers data via direct writes or reads to registers in
the IOM. The IOM maintains separate FIFO pointers for the read and write FIFOs, and updates these
when a PUSH or POP register is accessed. Writing to the IOMn_FIFOPUSH register will perform a push
event of the word into the FIFO and update the write pointer by 4 bytes. Only word accesses are supported
to the IOM, and any unused bytes within a word will be discarded. An example of a 5 byte write transfer is
shown below.
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CMD TO WRITE 5 BYTES (LSB MODE=0)

BINARY: ...<ADDR/OF FSET>..0010_0001_0100_0011_0110_0101_1000_0111_1010_1001 <END>

Figure 17. Direct Mode 5-byte Write Transfer

Reading from the IOMn_FIFOPOP register will perform a POP operation, return 4 bytes of data and
advance the internal read FIFO pointer by 4 bytes. Any unused bytes within the read data will be filled with
0’s and aligned to a word boundary at the end of the transaction. An example of a 5 byte read operation is

shown below.
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word 1
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word 7

CMD TO READ 5 BYTES (LSB MODE= 0)

BINARY: 0010_0001_0100_0011_0110_0101_1000_0111_1010_1001 <END>

Figure 18. Direct Mode 5-byte Read

The IOM also supports a non-destructive POP mechanism to prevent unintended POP events from
occurring. If the IOMn_FIFOCTRL_POPWR field is active (1), a write to the IOMn_FIFOPOP register will
be required in order to complete the POP event. Reads will return the current data.
An active transaction will be paced by data availability and will hold the clock low if there is not enough
data to continue write operations, or if the read FIFO is full during read operations. This wait condition is
indicated when the IOMn_CMDSTAT_CMDSTAT field is 0x6. Once new data or FIFO locations are
present, the command will continue operation automatically.
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8.7.2 DMA Data transfers

DMA transfers are enabled by configuring the DMA related registers, enabling the DMA channel, and then
issuing the command. The command will automatically fetch and store the data associated with the
command without MCU intervention. The DMA channel is enabled via the IOMn_DMACFGDMAEN field.
P2M DMA operations transfer data from peripheral to memory and are used in IOM READ operations.
M2P DMA operations transfer data from memory to peripheral and are used in IOM write operations. DMA
transfer size is programmed into the IOMn_DMATOTCOUNT register and supports up to 4095 bytes of
data transfer. The DMA transfer size is independent from the transaction size, and allows a single DMA
setting to be used across multiple commands. The direction of DMA data transfer must match the
command. The IOMn_DMACFGDMAEN field enables/disables the DMA transfer capability and must be
set last when configuring the DMA, generally prior to sending the command.

The DMA engine within the module will initiate a transfer of data when a trigger event occurs. There are 2
types of triggers available, threshold (THR) and command completion (CMDCMP). The THR trigger will
activate when the threshold programmed into the FIFOWTHR or FIFORTHR in the IOMn_FIFOTHR
register meets the data criteria. Because the MCU access to the interface is 32 bits wide, only the word
count of the selected THR is used, and the low order bits of the FIFOWTHR or FIFORTHR are ignored.

During the transfer, the TOTCOUNT register is decremented to reflect the number of bytes transferred.

For IOM write operations (data written from IOM out to an external device), the THR trigger will activate
when the write FIFO contains FIFOWTHR[5:2] free words. If the remaining DMA transfer size is less than
this, only the needed number of words are transferred.

For IOM read operations (data read from external device), the THR trigger will activate when the read FIFO
contains FIFORTHR[5:2] words of valid data. If the remaining DMA transfer size is less than the RTHR
words, then the CMDCMP trigger can be enabled to transfer the remaining data. If the CMDCMP trigger is
disabled, and the number of bytes in the read FIFO is greater to or equal to the current TOTCOUNT, a
DMA transfer of TOTCOUNT will be done to complete the DMA operation. This mode requires that the
THR trigger be enabled as well.

The CMDCMP trigger activates when the command is complete and will transfer the lesser of the
TOTCOUNT or the number of bytes in the read FIFO. Note that this trigger is not needed for write
operations, and the THR trigger should be used in this case. If a read operation is done, and the THR
trigger is disabled, and only the CMDCMP trigger is enabled, and the transaction size is greater than the
FIFO size (32 bytes), the module will hang, as there is no trigger to cause a DMA operation, and the logic
will pause the interface until there is room within the read FIFO to store data.

If DMA transfer size is matched to the IOM transaction size, it is recommended to program both the
FIFORTHR and FIFOWTHR to 0x10 (16 bytes) and only enable the THR trigger.

8.8 Transaction Initiation

To start a transaction, the IOM module must be powered up and the target external pins enabled via the
GPIO module. For SPI transactions, this will generally require 4 pins to be enabled via the function select
field of the PADREG registers in the GPIO module. The CEN pin for SPI transaction requires setting of the
FNCSEL field of the appropriate pin, as well as the CFGREG of the corresponding pin. This also includes
the setting of the default value of the CEN. This is needed to allow the IOM module to power down and not
activate the CEN signal.

Once the IOM module is powered on, and the external pins configured, the IOM submodule must be

enabled via the IOMn_SUBMODCTRL register. This will activate either the SPI or 12C interface. Once this
is complete, the submodule specific registers should be configured to set the desired mode and features. If
DMA is desired, the DMA registers should also be set, with the IOMn_DMACTRLDMAEN field set last. The
registers relating to DMA operations are as follows:

- |IOMn_DMATRIGEN - Sets the trigger source for starting a DMA transfer
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- IOMn_DMACFG - Sets the DMA direction and enable for DMA

- IOMn_DMATOTCOUNT - Sets the total count of bytes to be transferred via the DMA operation. Rec-
ommended to match the IOMn_CMD.TSIZE field for simplicity.

- IOMn_DMATARGADDR — The source or destination address of the DMA data. Sources can be either
SRAM or storage. Destination address can only be SRAM. This is the memory mapped address of the
DMA data as accessed by the MCU.

After the module setup is complete, the command register is written. This will start the 10 transfer. The
IOMn_CMD register contains the command itself, along with other fields used in the command, such as
channel number, offset counts and transfer size. The IOM supports 2 main commands, read and write. A
read command will write user selectable number of offset bytes (0 to 3), and then read IOMn_CMDTSIZE
bytes, storing the data into the read FIFO. A write command will write the user selectable number of offset
bytes (0 to 3), followed by a write of IOMn_CMDTSIZE bytes sourced from the write FIFO. Transfer sizes

can be 0-4095 bytes for SPI operations and 0-512 bytes for 12C operations. The number of offset bytes for
each command is specified in the IOMn_CMDOFFSETCNT field.

8.9 Command Queue

The IOM module can also fetch register write data from SRAM or storage, and update the registers as if
the write was performed via the MCU. Register data is stored as a doublet of 2 words. The first word is the
module register address offset, word aligned. The second word is the write data value. Once enabled, the
command queue (CQ) will fetch the address and perform a write to the register. If no command is started
by the register write, the next doublet will be fetched by the CQ. If a command is started (write to
IOMn_CMD register is done), the CQ processing will wait until the transaction is complete before fetching
the next register write doublet. This is shown in the diagram below. No prefetching is done via the CQ, and
the register write operations are performed in series with the transactions. This allows a predictable path
for execution of commands. DMA enabled commands should be used during CQ operation, as there is no
support to perform a direct mode read operation via the CQ.

TIME

CQFETCH AND WRITE 1 CQ FETCH AND WRITE 2 CQ FETCH AND WRITE 3 CQ FETCH AND WRITE 4 CQ FETCH AND WRITE 10
10M CMD EXECUTION 000
(SETUP) (SETUP) (CMD WR) LLE <l (SETUP) (CQEN OFF/DISABLE)

CQADDR ) ADDRESS 1

WRITE DATA 1

ADDRESS 2

WRITE DATA 2

ADDRESS 3
WRITE DATA 3
CQBUFFER [—
ADDRESS 4
WRITE DATA 4

o
o
o

ADDRESS 10
WRITE DATA 10

Figure 19. Register Write Data Fetches

The CQ starting fetch address is specified in the IOMn_CQADDR register. The CQ operation will start to
fetch when the IOMn_CQCFG.CQEN field is set. This field should only be set when the IOM is idle and the
FIFOs are empty. Once enabled, the CQ will continue to fetch sequentially until it encounters a pause
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event. A pause event can be caused by a CQ register write operation, or from external signals. This is
shown in the sequence below.

IOM PAUSE EXAMPLE GPio

Software EXTERNAL EVENT/
MSPI WRITE TO REMOVE
BLE PAUSE CONDITION
Other IOM

TIME

Write which causes CQFETCH ANDWRITE 4 | © 00 CQ FETCH AND WRITE 10
PAUSE event (CQEN OFF/DISABLE)
CQ PAUSED

CQ FETCH AND WRITE 1 || CQ FETCH AND WRITE 2

COADDR ) ADDRESS 1

WRITE DATA 1

ADDRESS 2

WRITE DATA 2

ADDRESS 3
WRITE DATA 3
CQBUFFER
ADDRESS 4
WRITE DATA 4

o
o
o]

ADDRESS 10

WRITE DATA 10

Figure 20. IOM Pause Example

Each pause source is independently enabled via the IOMn_PAUSEEN register. In addition to independent
enable of the pause bits, there is also independent control of which pause event will signal a CQPAUSE
interrupt. This is controlled through the IOMn_CQFLAGS.CQIRQMASK field.

There are 16 possible pause sources. When the value of the pause source is set, and the pause is
enabled in the IOMn_PAUSEEN register, the CQ will stop fetching. The IOMn_CQADDR is updated after
each fetch, and when paused, will point to the next doublet to be fetched when the pause condition is
removed. The connection of the pause bits are shown below. The SW Flags are accessed via the
IOMn_CQSETCLEAR register.
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Figure 21. CQ Pause Bit Fetching
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REG_IOM_CQPAUSEEN

The first 8 pause sources (bits 7:0) are register bits which are directly writable via the MCU or through the
CQ. These first 8 locations are called SW Flags. Because the CQ does not support a read-modify-write
operation, special facilities are available to set, reset or toggle the SW Flags. This is accessed through the
IOMn_CQSETCLEAR register. The 3 fields in this register allow a per bit set, reset or toggle of the SW
Flag bits.

The next 7 pause sources (bits 14:8) use the SW Flags along with an external signal to set the pause
event. The external signals are from the GPIO module, the MSPI module, or other IOM modules. On some
cases, such as the MSPI interface, 4 of the SW Flags are used and combined with 2 similar signals from
the MSPI module to facilitate a ping pong method of sharing 2 buffers and preventing overruns without
MCU intervention.

The last pause source (bit 15) is used for index pausing. If this pause bit is enabled, the CQ will pause
when the value of the IOMn_CURIDX matches the IOMn_ENDIDX. This is useful for software to be able to
update the CQ buffer without causing a race condition between the CQ data buffer writes and the CQ
fetches.

8.9.1 CQ Programming Notes

- Additional restrictions when using the CQ function is that the DMA must be disabled prior to writing the
IOMn_CQADDR register, either from the MCU or from the CQ itself.

- For multiple commands using DMA, the DMAEN must be reset after the command is done and before
the DMA registers are set for the next transaction.
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- Itis possible for the CQ to write the IOMn_CQADDR register during the CQ operation. The new
address will take effect on the next fetch and allows the CQ to be relocated or looped.

- When starting the CQ operation, 1 doublet will be fetched regardless of the state of the pause status
and bits. If any pause is active, it will take effect after the first fetch. For this reason, it is generally
advisable to have a dummy register write as the first CQ doublet.

CQ write operations to SW flags used in combination with pause events 15:8 must first disable the pause
enable, perform the SW flag write, then re-enable the pause enable register. SW flags 7:0 can be written
without this restriction and will cause a pause immediately if activated.

8.10 Programmer’s Reference

An example register sequence to initiate an operation is shown below (note this does not show the data
portion of the operation, only the command):

SPI SAMPLE OPERATION:
/I Enable clock for 24MHz SPI operation

AM_REG(IOM,CLKFG) =(0 << AM_REG_IOM_CLKCFG_LOWPER_S) |
(0 << AM_REG_IOM_CLKCFG_TOTPER_S) |
(0 << AM_REG_IOM_CLKCFG_DIVEN_S) |
(1 << AM_REG_IOM_CLKCFG_DIV3_S) |
(1 << AM_REG_IOM_CLKCFG_FSEL_S) |
(1 << AM_REG_IOM_CLKCFG_IOCLKEN_S);

/I Setup the SPI configuration register.MSB first, no flow control, not full duplex, mode 0

AM_REG(IOM, SPICFG) = ((0 << AM_REG_IOM_MSPICFG_MSPIRST_S) & AM_REG_IOM_MSPICFG_MSPIRST_M)|
((0 << AM_REG_IOM_MSPICFG_DOUTDLY_S) & AM_REG_IOM_MSPICFG_DOUTDLY_M)|
((0 << AM_REG_IOM_MSPICFG_DINDLY_S) & AM_REG_IOM_MSPICFG_DINDLY_M) |
((0 << AM_REG_IOM_MSPICFG_SPILSB_S) & AM_REG_IOM_MSPICFG_SPILSB_M) |
((0 << AM_REG_IOM_MSPICFG_RDFCPOL_S) & AM_REG_IOM_MSPICFG_RDFCPOL_M)|
((0 << AM_REG_IOM_MSPICFG_WTFCPOL_S) & AM_REG_IOM_MSPICFG_WTFCPOL_M)|
((0 << AM_REG_IOM_MSPICFG_WTFCIRQ_S) & AM_REG_IOM_MSPICFG_WTFCIRQ_M)|
((0 << AM_REG_IOM_MSPICFG_MOSIINV_S) & AM_REG_IOM_MSPICFG_MOSIINV_M)|
((0 << AM_REG_IOM_MSPICFG_RDFC_S) & AM_REG_IOM_MSPICFG_RDFC_M)|
((0 << AM_REG_IOM_MSPICFG_WTFC_S) & AM_REG_IOM_MSPICFG_WTFC_M) |
((0 << AM_REG_IOM_MSPICFG_FULLDUP_S) & AM_REG_IOM_MSPICFG_FULLDUP_M)|
((0 << AM_REG_IOM_MSPICFG_SPHA_S) & AM_REG_IOM_MSPICFG_SPHA_M)|
((0 << AM_REG_IOM_MSPICFG_SPOL_S) & AM_REG_IOM_MSPICFG_SPOL_M);

/I Send a read command (2) of size 0x20 using 1 byte offset of 0x32 to device on CEN
AM_REG(IOM, CMD) = ((2 << AM_REG_IOM_CMD_CMD_S) & AM_REG_IOM_CMD_CMD_M) | // READ COMMAND
((0 << AM_REG_IOM_CMD_CMDSEL_S) & AM_REG_IOM_CMD_CMDSEL_M)|
((0x20 << AM_REG_IOM_CMD_TSIZE_S) & AM_REG_IOM_CMD_TSIZE_M) |
((0 << AM_REG_IOM_CMD_CONT_S) & AM_REG_IOM_CMD_CONT_S) |
((1 << AM_REG_IOM_CMD_OFFSETCNT_S) & AM_REG_IOM_CMD_OFFSETCNT_M) |
((0x32 << AM_REG_IOM_CMD_OFFSETLO_S) & AM_REG_IOM_CMD_OFFSETLO_M);

8.11 Interface Clock Generation

The 12C/SPI Master can generate a wide range of I/O interface clocks, as shown in Figure 22. The source
clock is a scaled version of the HFRC 48 MHz clock, selected by IOMn_CLKCFG_FSEL. A divide-by-3
circuit may be selected by IOMn_CLKCFG_DIV3, which is particularly important in creating a useful SPI
frequency of 16 MHz. The output of the divide-by-3 circuit may then be divided by an 8-bit value,
IOMn_CLKCFG_TOTPER + 1, to produce the interface clock. This structure allows very precise
specification of the interface frequency, and produces a minimum available interface frequency of 1.2 kHz.
If TOTPER division is enabled by IOMn_CLKCFG_DIVEN, the length of the low period of the clock is
specified by IOMn_CLKCFG_LOWPER + 1. Otherwise, the clock will have a 50% duty cycle.
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Figure 22. I2C/SPI Master Clock Generation

8.12 Command Operation

In order to minimize the amount of time the CPU must be awake during I2C/SPI Master operations, the

architecture of the 12C/SP| Master is organized around processing commands which transfer data to and
from an internal 64-byte FIFO.

The IOMn_CMD register is used for command operations for both the SPI and 12C communication
channels.

For writes to the interface, software writes data to the FIFO (IOMn_FIFO) and then sends a single
command to the IOMn_CMD Register. Unless the TSIZE field of the CMD is zero, at least one word (4
bytes) of data must be written into the FIFO prior to writing the CMD Register or an ICMD interrupt will be

generated and the operation will be terminated. The Command includes either the 12C slave address or the

SPI channel select, the desired address offset and the length of the transfer. At that point the 12C/SPI
Master executes the entire transfer, so the CPU can go to sleep. If more than 64 bytes are to be
transferred, the Master will generate a THR interrupt when the FIFOSIZ value, IOMn_FIFOPTR_FIFOSIZ,
drops below the write threshold IOMn_FIFOTHR_FIFOWTHR so the CPU can wake up and refill the FIFO.

The 12C/SPI Master will generate the CMDCMP interrupt when the command is complete. In each case,
the total number of bytes transferred in each operation is specified in the LENGTH field of the CMD
Register. If software executes a write to the FIFO when it is full (FIFOSIZ is greater than 124) the FOVFL
interrupt will be generated and the transfer will be terminated.

For reads, the CMD Register is first written with the command and the CPU can go to sleep. The Master
initiates the read and transfers read data to the FIFO. If the FIFOSZ value exceeds the read threshold
IOMn_FIFOTHR_FIFORTHR, a THR interrupt is generated so the CPU can wake up and empty the FIFO.
A CMDCMP interrupt is also generated when the Command completes. If software executes a read from
the FIFO when it has less than a word of data the FUNDFL interrupt will be generated and the transfer will
be terminated. FUNDFL will not be generated if the read transfer has already completed, so that software
can read the last FIFO word even if it is incomplete.

If the FIFO empties on a write or fills on a read, the 12C/SPI Master will simply pause the interface clock
until the CPU has read or written a byte from the FIFO. This avoids the requirement that the thresholds be
set conservatively so that the processor can wake up fewer times on long transfers without a risk of an
underflow or overflow aborting a transfer in progress.

If software initiates an incorrect operation, such as attempting to read the FIFO on a write operation or
when it is empty, or write the FIFO on a read operation or when it is full, the Master will generate an IACC
error interrupt. If software attempts to write the Command Register when another Command is underway
or write the CMD register with a write command when the FIFO is empty (unless the LENGTH field in the
CMD is zero), the Master will generate an ICMD error interrupt.
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8.13 FIFO

The 12C/SPI Master includes a 64-byte local RAM (LRAM) for data transfers. The LRAM functions as a
FIFO. Only 32-bit word accesses are supported to the FIFO from the CPU. When a write operation is
underway, a word written to the FIFO will increment the IOMn_FIFOPTR_FIFONnSIZ register by 4 and
decrement the IOMn_FIFOPTR_FIFOnREM register by 4. Reading a byte from the FIFO via the 1/O
interface decrements FIFOnSIZ by 1 and increments FIFOnREM by 1. When a read operation is
underway, a word read from the FIFO decrements FIFOnSIZ by 4 and increments FIFONREM by 4. A byte
read from the I/O interface into the FIFO increments FIFOnSIZ by 1 and decrements FIFOnREM by 1. If
FIFOnSIZ becomes one during a write operation or 0x40 on a read operation and there is more data to be
transferred, the clock of the 1/O interface is paused until software accesses the FIFO.

Two threshold registers, FIFORTHR and FIFOWTHR indicate when a THR interrupt should be generated
to signal the processor that data should be transferred.

8.14 I2C Interface

The I1°C/SPI Master supports a flexible set of Commands to implement a variety of standard 1°C

operations. The I°C interface consists of two lines: one bi-directional data line (SDA) and one clock line
(SCL). Both the SDA and the SCL lines must be connected to a positive supply voltage via a pull-up
resistor. By definition, a device that sends a message is called the “transmitter’, and the device that
accepts the message is called the “receiver”. The device that controls the message transfer by driving SCL
is called “master”. The devices that are controlled by the master are called “slaves”. The Apollo3 Blue SoC

12C Master is always a master device.
The following protocol has been defined:

= Data transfer may be initiated only when the bus is not busy.
= During data transfer, the data line must remain stable whenever the clock line is high.
= Changes in the data line while the clock line is high will be interpreted as control signals.

A number of bus conditions have been defined (see Figure 23) and are described in the following sections
SDA may

change
| | ﬁ
|
|
|

Not Busy

scL
\ \

[
|

SDA AN | | ><
|

START | SDA Stable |

- -
L _
L
| STOP

Figure 23. Basic I1>C Conditions

8.14.1 Bus Not Busy
Both SDA and SCL remain high.

8.14.2 Start Data Transfer

A change in the state of SDA from high to low, while SCL is high, defines the START condition. A START
condition which occurs after a previous START, but before a STOP, is called a RESTART condition, and
functions exactly like a normal STOP followed by a normal START.
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8.14.3 Stop Data Transfer
A change in the state of SDA from low to high, while SCL is high, defines the STOP condition.

8.14.4 Data Valid

After a START condition, SDA is stable for the duration of the high period of SCL. The data on SDA may be
changed during the low period of SCL. There is one clock pulse per bit of data. Each data transfer is
initiated with a START condition and terminated with a STOP condition. The number of data bytes
transferred between the START and STOP conditions is not limited. The information is transmitted byte-
wide and each receiver acknowledges with a ninth bit.

8.14.5 Acknowledge

Each byte of eight bits is followed by one acknowledge (ACK) bit as shown in Figure 24. This acknowledge
bit is a low level driven onto SDA by the receiver, whereas the master generates an extra acknowledge
related SCL pulse. A slave receiver which is addressed is obliged to generate an acknowledge after the
reception of each byte. Also, on a read transfer, a master receiver must generate an acknowledge after the
reception of each byte that has been clocked out of the slave transmitter. The device that acknowledges
must pull down the SDA line during the acknowledge clock pulse in such a way that the SDA line is a
stable low during the high period of the acknowledge related SCL pulse. A master receiver must signal an
end-of-data to the slave transmitter by not generating an acknowledge (a NAK) on the last byte that has
been clocked out of the slave. In this case, the transmitter must leave the data line high to enable the

master to generate the STOP condition. If 1/O Host attempts an 12c operation but no slave device
generates an ACK, or if a slave fails to generate an ACK on a data byte before the transfer is complete, a
NAK interrupt will be generated.

Figure 24. I2C Acknowledge

8.14.6 I’C Slave Addressing

For normal 12C reads and writes, the Command specifies the address to be sent on the interface. Both 7-
bit and 10-bit addressing are supported, as selected by 10BIT in the Command. The address is specified
in the ADDRESS field.

Figure 25 shows the operation in 7-bit mode in which the master addresses the slave with a 7-bit address
configured as 0xDO in the lower 7 bits of the ADDRESS field. After the START condition, the 7-bit address
is transmitted MSB first. If this address matches the lower 7 bits of an attached slave device, the eighth bit
indicates a write (RW = 0) or a read (RW = 1) operation and the slave supplies the ACK. If no slave
acknowledges the address, the transfer is terminated and a NAK error interrupt is generated.
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==

SDA 1 1 0 1 0o(0(0O

SCL

Figure 25. I2C 7-bit Address Operation

Figure 26 shows the operation with which the master addresses the Apollo3 Blue SoC with a 10-bit
address configured at 0x536. After the START condition, the 10-bit preamble 0b11110 is transmitted first,
followed by the upper two bits of the ADDRESS field and the eighth bit indicating a write (RW = 0) or a read
(RW = 1) operation. If the upper two bits match the address of an attached slave device, it supplies the
ACK. The next transfer includes the lower 8 bits of the ADDRESS field, and if these bits also match
I2CADDR the slave again supplies the ACK. If no slave acknowledges either address byte, the transfer is
terminated and a NAK error interrupt is generated.

==

SDA 1 1 1 1 0|1 0

SCL

Figure 26. I2C 10-bit Address Operation

8.14.7 I°C Offset Address Transmission

If the OFFSETCNT field of the CMD register specifies that there is at least one byte of address offset for

either a read or write command, then the 12C/SPI Master will first send one or more 8-bit Offset Address
bytes, where the offset is specified in the OFFSETLO field of the CMD register, and the OFFSETHI field of
the OFFSETHI register if multiple offset bytes have been specified.

This transfer is shown in Figure 27. The Offset Address is loaded into the Address Pointer of the slave.

<4— Offset Address ——»

Figure 27. I2C Offset Address Transmission

8.14.8 I’C Write Operation with Address Offset

In a write operation the I2C/SPI Master transmits to a slave receiver. The Address Operation has a RW
value of 0, and the second byte contains the Offset Address, as in Figure 27. The next byte is written to the
slave register selected by the Address Pointer (which was loaded with the Offset Address) and the
Address Pointer is incremented. Subsequent transfers write bytes into successive registers until a STOP
condition is received, as shown in Figure 28.
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Byte N Byte N+1 Byte N+2
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Figure 28. I2C Write Operation with Address Offset

8.14.9 I’C Read Operation with Address Offset

If a read operation with address offset is selected, the I2°C/SPI Master first executes an Offset Address
Transmission to load the Address Pointer of the slave with the desired Offset Address.

A subsequent operation will again issue the address of the slave but with the RW bit as a 1 indicating a
read operation. As shown in Figure 29, this transaction begins with a RESTART condition so that the
interface will be held in a multi-master environment. After the address operation, the slave becomes the
transmitter and sends the register value from the location pointed to by the Address Pointer, and the
Address Pointer is incremented. Subsequent transactions produce successive register values, until the

I2C/SPI Master receiver responds with a NAK and a STOP to complete the operation.

Byte N+1

son | [ s o[ [ 512 [5] [ 7L
e 1 ﬂﬂﬂ JUT Ul ﬂﬂﬂ JUUT_ U

RESTART

Figure 29. I2C Read Operation with Address Offset

8.14.101?C Write Operation with No Address Offset

If a write with no address offset is selected in the CMD and OFFSETCNT fields of the CMD register, the

I2C/SPI Master does not execute the Offset Address Transmission, but simply begins transferring bytes as
shown in Figure 30. This provides support for slave devices which do not implement the standard offset
address architecture. The OFFSETHI and OFFSETLO fields are not used in this case.

Byte 0 Byte 1 Byte 2 Byte N
SDA Addr A r

—Iﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂwﬂﬂf

Figure 30. I2C Write Operation with No Address Offset
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8.14.111°C Read Operation with No Address Offset

If a read with no address offset is selected in the CMD and OFFSETCNT fields of the CMD register, the

I2C/SPI Master does not execute the Offset Address Transmission, but simply begins transferring bytes
with a read as shown in Figure 31. This is important for slave devices which do not support an Address
Pointer architecture. For devices which do include an Address Pointer, multiple reads with no address
offset may be executed after a read with address offset to access subsequent registers as the Address
Pointer increments, without having to execute the Offset Address Transmission for each access.

Byte N Byte N+1

oTw | [

SDA Addr | R | A | 7

e 11 M1 TN

Figure 31. I2C Read Operation with No Address Offset

8.14.12Holding the Interface with CONT

In all of the previously described transactions, the I°C/SPI Master terminates the I2C operation with a

STOP sequence. In environments where there are other masters connected to the I°C interface, it may be
necessary for the Apollo3 Blue SoC to hold the interface between Commands to insure that another
master does not inadvertently access the same slave that the Apollo3 Blue SoC is accessing. In order to
implement this functionality, the CONT bit should be set in the CMD Register. This will cause the 1°C/SPI
Master to keep SDA high at the end of the transfer so that a STOP does not occur, and the next transaction
begins with a RESTART instead of a START. Note that for a Normal Read the interface is held between the
Offset Address Transmission and the actual read independent of the state of CONT, but it CONT is set the
read transaction will not terminate with a STOP.

8.14.1312C Multi-master Arbitration

The Apollo3 Blue SoC 12C/SPI Master supports multi-master arbitration in I2C mode. There are two cases
which must be handled.

The first is the case where another master initiates an 12C operation when the Apollo3 Blue SoC Master is

inactive. In this case the 12C/SPI Master will detect an I°C START operation on the interface and the
START interrupt will be asserted, which tells the software not to generate any 10 operations (which will not
be executed in any case). Software then waits for the STOP interrupt, which reenables operation.

The second case is where another master initiates an operation at the same time as the Apollo3 Blue SoC.
In this case there will be a point where one master detects that it is not driving SDA low but the bus signal

is low, and that master loses the arbitration to the other master. If the Apollo3 Blue SoC I2C/SPI Master
detects that it has lost arbitration, it will assert the ARB interrupt and immediately terminate its operation.
Software must then wait for the STOP interrupt and re-execute the current Command.

8.15 SPI Operations

8.15.1 SPI Configuration

The 12C/SPI Master supports all combinations of the polarity and phase modes of SPI using the
IOMn_MSPICFG_SPOL and IOMn_MSPICFG_SPHA bits. It also may be configured in either 3-wire or 4-
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wire mode. In 4-wire mode, the MOSI and MISO interface signals use separate 10 pins. In 3-wire mode,
MOSI and MISO are multiplexed on a single 10 pin for more efficient pin utilization. The 3/4 wire
configuration is selected in the mapping function of the PINCFG module.

NOTE

Due to the susceptibility of creating a clock glitch which could cause register
corruption, changing SPHA and SPOL bits should be done in separate writes to
the MSPICFG register.

SPI operations may transfer up to 4095 bytes in a single transfer, as the TSIZE field in the CMD register
provides a 12-bit length specification.

8.15.2 SPI Slave Addressing

In SPI mode, the Command specifies the slave channel to be used in the CMDSEL field. The 12C/SPI
Master supports up to four slaves, each of which has its own nCE signal which can be configured on an IO
pin. Additional slaves may be supported using GPIO pins and external decoding.

8.15.3 SPI Write with Address Offset

Figure 32 shows the case of a SPI Write with a one-byte address offset operation, whereby a write
operation is selected in the CMD field. The operation is initiated when the 12C/SPI Master pulls one of the

four nCE signals low. At that point the 12C/SPI Master begins generating the clock on SCK and the offset
address is transmitted from the master on the MOSI line, with the upper R/W bit of the offset field indicating
read (if 0) or write (if 1). In this example the R/W bit is a one selecting a write operation. The entire one, two
or three offset, the length of which is specified by the OFFSETCNT field, is taken from the OFFSETLO field
of the CMD and, depending on the value in OFFSETCNT, the OFFSETHI field in the OFFSETHI register.
The MSB of the entire OFFSET should be set to 1 if the slave expects a RW bit. If the slave does not
expect a RW bit, this allows the first byte of a write to be completely specified in the OFFSET field, and a
single byte write in that case can be executed without requiring any data to be loaded in to the FIFO.

Each subsequent byte is read from the FIFO and transmitted. The operation is terminated when the 12C/
SPI Master brings the nCE signal high. Note that the MISO line is not used in a write operation and is held

in the high impedance state by the 12C/SPI Master.

<¢— Offset Address —»4———Data Byte N——»<«———Data Byte N+1 ———»
MOSI’X|W|6|5|4|3|2|107|6|5|4|3|2|1 07|6|5|4|3|2|10 X‘

MISO

r_— B

Figure 32. SPI Normal Write Operation (Single-byte Offset Address)

8.15.4 SPI Read with Address Offset

Figure 33 shows the case of a Read with a one-byte address offset operation, whereby a read operation is
selected in the CMD field. The operation is initiated when the 12C/SPI Master pulls one of the four nCE

DS-A3-1p2p0 Page 286 of 946 ©2022 Ambiq Micro, Inc.
All rights reserved.



Apollo3 Blue SoC Datasheet

signals low. At that point the 1°C/SPI Master begins driving the clock onto SCK and the address is
transferred from the master to the slave just as it is in a write operation, but in this case the R/W bitisa 0

indicating a read. After the transfer of the last address bit (bit 0), the 12C/SPI Master stops driving the MOSI

line and begins loading the FIFO with the data on the MISO line. The transfer continues until the 12C/SPI
Master brings the nCE line high.

<¢—— Offset Address —»<¢————Data Byte N——»<«———Data Byte N+1——»
mosi | x |R[s[s|4]a][z]1]0] x |
miso T o5 [«]s 2] o] ]s]s]e]s]2]1]o}—
nCE*’ r

Figure 33. SPI Normal Read Operation

As with a Normal Write, the Offset Address byte including the R/W bit is taken from the offset field(s) of
CMD. If the slave expects a R/W bit, the MSB of the offset must be set accordingly. This allows reads from
devices which have different formats for the address byte.

8.15.5 SPI Write with No Address Offset

If a write with no address offset is selected in the CMD field, the Offset Address byte is not sent and all data
comes directly from the FIFO as shown in Figure 34. The OFFSET field is not used in this case.

<—— DataByte N ————»<«¢———Data Byte N+1——p»<«¢———Data Byte N+t2———p

MOSI’X|7|6|5|4|3|2|1 07|6|5|4|3|2|1 07|6|5|4|3|2|1 0 X‘

MISO

ncE | B

Figure 34. SPI Raw Write Operation

8.15.6 SPI Read with No Address Offset

If a read with no address offset is selected in the CMD field, data goes directly to the FIFO as shown in
Figure 35. The OFFSET field is not used in this case.

<¢—— DataByte N ————»<«———Data Byte N+1——p»<«¢———Data Byte N+2———»

MOSI
mso — 7 [e[s[a|af2[1]o]7[e]s[a]a]2[1]o]r]e]s]e]a]2]1]o}—
nCE*’ r
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Figure 35. SPI Raw Read Operation

8.15.7 SPI 3-wire Mode

In 3-wire mode, the MOSI and MISO lines are shared on a single pin. As described in the previous
sections, the MISO and MOSI lines are not driven at the same time, so 3-wire mode is equivalent to simply
tying them together external to the Apollo3 Blue SoC. 3-wire mode is configured by selecting the MxWIR3
alternative (x = 0 to 5 selecting the 12C/SPI Master) in the GPIO Pad Multiplexor rather than the MxMOSI
and MxMISO alternatives. Detailed configuration information is supplied in the GPIO and Pad
Configuration Module chapter.

8.15.8 Complex SPI Operations

In some cases peripheral devices require more complex transaction sequences than those supported by a
single Command. In order to support these transactions, the CONT bit may be set in the Command. In this
case, the nCE pin selected by the Channel will remain asserted low at the end of the transaction, so that
the next SPI operation will be seen as part of the same transaction. For example, there are peripheral
devices which require both a Function and an Address Offset to be transmitted at the beginning of a read.
Implementing this can be done in several ways. One example as shown in Figure 36 is:

1. Execute a Raw SPI write of length 2, with the data bytes being the Function and Offset. Set the
CONT bit in this Command so nCE remains asserted low.

2. Execute a Raw SPI Read of the desired transfer length. The data will then be read into the FIFO.
The CONT bit is not set in this Command.

<4—— Raw Write, 2 Bytes

<¢—— Raw Read, 1 Byte —»

<— Function ———p»<«—— Offset Address —» <——— Read Data ——»
most [ x [ 7]s[s]4|3]z2]1]0]7]e]s]«]3]2]]0] x |
MISO {7|6|5|4|3|2|1M
nCE*’ F

Figure 36. SPI Combined Operation

8.15.9 SPI Polarity and Phase

The Apollo3 Blue SoC supports all combinations of CPOL (clock polarity) and CPHA (data phase) in SPI
mode, as defined by the SPOL and SPHA bits. Figure 37 shows how these two bits affect the interface
signal behavior.
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nCE r

CPOL=0 SCK

CPOL=1 SCK

==
,_l
,_l
,_l
,_l
,_l
,_l
,_l
,_l
,_l
,_l
,_l
,_l
,_l
:

MOSI X 7(/6(5(4(3(2(1|0|7(|6((5(4|3 2|10 X
CPHA=0

MISO X 7|16 |5 |4(3|]2(1]0(|7|6(|5]|4(3]2|1](0 X

MOSI X 7/16(5(4 |3 |2(1|0f7 (|6 |5 (4321 [0]|X
CPHA=1

MISO X 7/16|5|4|3|2(1|]0(7]|6|5|4(|3]2|1]0]X

Figure 37. SPI CPOL and CPHA

If CPOL is 0, the clock SCK is normally low and positive pulses are generated during transfers. If CPOL is
1, SCK is normally high and negative pulses are generated during transfers.

If CPHA is 0, the data on the MOSI and MISO lines is sampled on the edge corresponding to the first SCK
edge after nCE goes low (i.e. the rising edge if CPOL is 0 and the falling edge if CPOL is 1). Data on MISO
and MOSI is driven on the opposite edge of SCK.

If CPHA is 1, the data on the MOSI and MISO lines is sampled on the edge corresponding to the second
SCK edge after nCE goes low (i.e. the falling edge if CPOL is 0 and the rising edge if CPOL is 1). Data on
MISO and MOSI is driven on the opposite edge of SCK.

The SPOL and SPHA bits may be changed between Commands if different slave devices have different
requirements. In this case the SUBMODCTRL_SMODNEN bit should be set to 0 either before or at the
same time as SPHA and SPOL are changed, and then set back to 1 before CMD is written.

8.16 Bit Orientation

In both I2C and SPI modes, the 12C/SPI Master supports data transmission either LSB first or MSB first as
configured by the LSB bit in the Command. If LSB is 0, data is transmitted and received MSB first. If LSB is
1, data is transmitted and received LSB first.

8.17 SPI Flow Control

The I2C/SPI Master supports flow control from the slave, which is controlled by several configuration bits.
Either read or write (or both) flow control may be implemented. Read flow control is enabled by setting the
IOMn_MSPICFG_RDFC bit, in which case the I2C/SPI Master will check the state of the Flow Control IRQ
pin, and if it is inactive the SPI clock will stop at the completion of the current byte transfer until it becomes
active. The Flow Control IRQ can be any of the 50 pins as selected by the GPIO_IOMnIRQ register
corresponding to the particular I2C/SPI Master. The polarity of the active state of the Flow Control IRQ is
selected by the IOMn_MSPICFG_RDFCPOL.
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Write flow control is enabled by setting the IOMn_MSPICFG_WTFC bit, but in this case either the Flow
Control IRQ or the state of the MISO line may be used for flow control, as selected by the
IOMn_MSPICFG_WTFCIRQ bit. If IRQ is selected by setting a one, the clock control is identical to that
described for reads above and the IRQ polarity is set by the IOMn_MSPICFG_WTFCPOL bit. If MISO is
selected by setting a zero in WTFCIRQ, the clock will be stopped if the MISO line is at the inactive polarity,
which is set by the WTFCPOL bit.

Slave devices supporting flow control typically require specific states of the MOSI line prior to the start of a
transfer. This state is controlled by the IOMn_MSPICFG_MOSIINV bit. If this bit is zero, MOSI will be
driven to a 1 at the start of a write transaction and to a 0 at the start of a read transaction — this is the
normal operation of devices with flow control support. If MOSIINV is set to one, these polarities will be
inverted.

Flow control may be asserted either prior to the first byte transfer, which will delay the start of SCK, or
within each byte transferred, which will pause SCK at the end of that byte. The examples below assume
that WTFCPOL or RDFCPOL are set to 0.

Figure 38 shows the operation of flow control at the beginning of a write transfer or a normal read transfer
which begins with an offset byte write. Either MISO or IRQ (selected by WTFCIRQ) must be deasserted
low within %2 of the SCK period after nCE is asserted low in order to delay the clock. SCK will continue in its
inactive state until MISO or IRQ is changed to the active state, and then will begin normal operation.

SCK
nCE |

MISO/IRQ —

Mos!l | 7 |6|5]4|3]2]1]o]|7]|6]5]4]3]2]1]0]7]6]5]4]

Figure 38. Flow Control at Beginning of a Write Transfer

Figure 39 shows the operation of flow control at the beginning of a raw read transfer. IRQ must be
deasserted low within %2 of the SCK period after nCE is asserted low in order to delay the clock. SCK will
continue in its inactive state until IRQ is changed to the active state, and then will begin normal operation.

SCK

MISO | 7 |6|5]4]3]2[1]0]|7]6]|5]4]3]2]1]0]7]6]5]4]

Figure 39. Flow Control at Beginning of a Raw Read Transfer
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Figure 40 shows the operation of flow control in the middle of a write transfer. MISO or IRQ must be
deasserted after the leading edge of SCK on the first bit of the byte (labeled 7) and before the falling edge
of the 7th bit of the byte (labeled 1) in order to insure that SCK stops at the end of the byte. De-asserting
MISO or IRQ outside of that window can produce unpredictable results. SCK will resume at some point
after the assertion of MISO or IRQ.

- -
- -

Window

SCK
nCE |

MISO/IRQ —! | |
Mosl | 7 [6]5]4[3][2]1]0] 7 [6]5]4[3]2[1]0]7]6]5]4]

Figure 40. Flow Control in the Middle of a Write Transfer

Figure 41 shows the operation of flow control in the middle of a read transfer. IRQ must be deasserted
after the leading edge of SCK on the first bit of the byte (labeled 7) and before the falling edge of the 7th bit
of the byte (labeled 1) in order to insure that SCK stops at the end of the byte. De-asserting IRQ outside of
that window can produce unpredictable results. SCK will resume at some point after the assertion of IRQ.

- -
s -

Window

SCK
nCE |

Mso | 7 [6]5[4]3][2]1]0] 7 |6]5]4]3]2]|1]0]7]6]5]4]

MosI
IRQ — \ \

Figure 41. Flow Control in the Middle of a Read Transfer

8.18 Minimizing Power

Each 12C/SPI Master submodule has an interface enable bit IIOMn_SUBMODCTRL_SMODnNEN. This bit
should be kept at 0 (along with PWRCTRL_DEVPWREN_PWRIOMn fields) whenever the interface is not
being used in order to minimize power consumption.

8.19 IOM Registers
10 Peripheral Master
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INSTANCE 0 BASE ADDRESS:0x50004000
INSTANCE 1 BASE ADDRESS:0x50005000
INSTANCE 2 BASE ADDRESS:0x50006000
INSTANCE 3 BASE ADDRESS:0x50007000
INSTANCE 4 BASE ADDRESS:0x50008000
INSTANCE 5 BASE ADDRESS:0x50009000

Registers associated with the IOM master module. The IOM master module is responsible for performing
SPI and 12C master operations to/from external devices. Multiple devices
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8.19.1 Register Memory Map

Table 396: IOM Register Map

Address(s)

Register Name

Description

0x50004000
0x50005000
0x50006000
0x50007000
0x50008000
0x50009000

FIFO

FIFO Access Port

0x50004100
0x50005100
0x50006100
0x50007100
0x50008100
0x50009100

FIFOPTR

FIFO size and remaining slots open values

0x50004104
0x50005104
0x50006104
0x50007104
0x50008104
0x50009104

FIFOTHR

FIFO Threshold Configuration

0x50004108
0x50005108
0x50006108
0x50007108
0x50008108
0x50009108

FIFOPOP

FIFO POP register

0x5000410C
0x5000510C
0x5000610C
0x5000710C
0x5000810C
0x5000910C

FIFOPUSH

FIFO PUSH register

0x50004110
0x50005110
0x50006110
0x50007110
0x50008110
0x50009110

FIFOCTRL

FIFO Control

0x50004114
0x50005114
0x50006114
0x50007114
0x50008114
0x50009114

FIFOLOC

FIFO Pointers

0x50004200
0x50005200
0x50006200
0x50007200
0x50008200
0x50009200

INTEN

|0 Master Interrupts: Enable
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Table 396: IOM Register Map

Address(s) Register Name Description

0x50004204
0x50005204
0x50006204
0x50007204
0x50008204
0x50009204

INTSTAT 10 Master Interrupts: Status

0x50004208
0x50005208
0x50006208
0x50007208
0x50008208
0x50009208

INTCLR 10 Master Interrupts: Clear

0x5000420C
0x5000520C
0x5000620C
0x5000720C
0x5000820C
0x5000920C

INTSET 10 Master Interrupts: Set

0x50004210
0x50005210
0x50006210
0x50007210
0x50008210
0x50009210

CLKCFG 1/O Clock Configuration

0x50004214
0x50005214
0x50006214
0x50007214
0x50008214
0x50009214

SUBMODCTRL Submodule control

0x50004218
0x50005218
0x50006218
0x50007218
0x50008218
0x50009218

CMD Command and Offset

0x5000421C
0x5000521C
0x5000621C
0x5000721C
0x5000821C
0x5000921C

DCX DCX Control

0x50004220
0x50005220
0x50006220 High order 2 bytes of 3 byte offset for 10 transac-
0x50007220 OFFSETHI tion
0x50008220

0x50009220

0x50004224
0x50005224
0x50006224
0x50007224
0x50008224
0x50009224

CMDSTAT Command status
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Table 396: IOM Register Map

Address(s)

Register Name

Description

0x50004240
0x50005240
0x50006240
0x50007240
0x50008240
0x50009240

DMATRIGEN

DMA Trigger Enable

0x50004244
0x50005244
0x50006244
0x50007244
0x50008244
0x50009244

DMATRIGSTAT

DMA Trigger Status

0x50004280
0x50005280
0x50006280
0x50007280
0x50008280
0x50009280

DMACFG

DMA Configuration

0x50004288
0x50005288
0x50006288
0x50007288
0x50008288
0x50009288

DMATOTCOUNT

DMA Total Transfer Count

0x5000428C
0x5000528C
0x5000628C
0x5000728C
0x5000828C
0x5000928C

DMATARGADDR

DMA Target Address

0x50004290
0x50005290
0x50006290
0x50007290
0x50008290
0x50009290

DMASTAT

DMA Status

0x50004294
0x50005294
0x50006294
0x50007294
0x50008294
0x50009294

CQCFG

Command Queue Configuration

0x50004298
0x50005298
0x50006298
0x50007298
0x50008298
0x50009298

CQADDR

CQ Target Read Address

0x5000429C
0x5000529C
0x5000629C
0x5000729C
0x5000829C
0x5000929C

CQSTAT

Command Queue Status
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Table 396: IOM Register Map

Address(s)

Register Name

Description

0x500042A0
0x500052A0
0x500062A0
0x500072A0
0x500082A0
0x500092A0

CQFLAGS

Command Queue Flag

0x500042A4
0x500052A4
0x500062A4
0x500072A4
0x500082A4
0x500092A4

CQSETCLEAR

Command Queue Flag Set/Clear

0x500042A8
0x500052A8
0x500062A8
0x500072A8
0x500082A8
0x500092A8

CQPAUSEEN

Command Queue Pause Enable

0x500042AC
0x500052AC
0x500062AC
0x500072AC
0x500082AC
0x500092AC

CQCURIDX

IOM Command Queue current index value .
Compared to the CQENDIDX reg contents to
generate the IDXEQ Pause event for command
queue

0x500042B0
0x500052B0
0x500062B0
0x500072B0
0x500082B0
0x500092B0

CQENDIDX

IOM Command Queue current index value .
Compared to the CQCURIDX reg contents to
generate the IDXEQ Pause event for command
queue

0x500042B4
0x500052B4
0x500062B4
0x500072B4
0x500082B4
0x500092B4

STATUS

IOM Module Status

0x50004300
0x50005300
0x50006300
0x50007300
0x50008300
0x50009300

MSPICFG

SPI module master configuration

0x50004400
0x50005400
0x50006400
0x50007400
0x50008400
0x50009400

MI2CCFG

12C Master configuration

0x50004404
0x50005404
0x50006404
0x50007404
0x50008404
0x50009404

DEVCFG

12C Device Configuration register
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Table 396: IOM Register Map

Address(s) Register Name Description

0x50004410
0x50005410
0x50006410
0x50007410
0x50008410
0x50009410

IOMDBG IOM Debug
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8.19.2 IOM Registers

8.19.2.1 FIFO Register

FIFO Access Port
OFFSET: 0x00000000

INSTANCE 0 ADDRESS:
INSTANCE 1 ADDRESS:
INSTANCE 2 ADDRESS:
INSTANCE 3 ADDRESS:
INSTANCE 4 ADDRESS:
INSTANCE 5 ADDRESS:

0x50004000
0x50005000
0x50006000
0x50007000
0x50008000
0x50009000

Provides direct random access to both output and input FIFOs. The state of the FIFO is not disturbed by
reading these locations (i.e., no POP will be done). FIFOOQ is accessible from addresses 0x0 - 0x1C, and is
used for data output from the IOM to external devices. These FIFO locations can be read and written
directly.

Table 397: FIFO Register

3|13(2(2(2|2|2|2|2|2(2(2|1|1]|1]|1]|1 1111
1,0/9|8(7(6(5/4/3|2|1/0(9(8|7|6|5|4|3(2(1,0/9|8|7|6(5[4/3|2|1]|0

-
-
o
o
o
o
o
o
o
o
o
o

FIFO

Table 398: FIFO Register Bits

Bit Name Reset RW Description

FIFO direct access. Only locations 0 - 3F will return valid information.

31:0 FIFO 0x0 RW

8.19.2.2 FIFOPTR Register
FIFO size and remaining slots open values
OFFSET: 0x00000100

INSTANCE 0 ADDRESS:
INSTANCE 1 ADDRESS:
INSTANCE 2 ADDRESS:
INSTANCE 3 ADDRESS:
INSTANCE 4 ADDRESS:
INSTANCE 5 ADDRESS:

0x50004100
0x50005100
0x50006100
0x50007100
0x50008100
0x50009100

Provides the current valid byte count of data within the FIFO as seen from the internal state machines.
FIFOO is dedicated to outgoing transactions and FIFO1 is dedicated to incoming transactions. All counts
are specified in units of bytes.
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Table 399: FIFOPTR Register

3|13|2(2|2|2]|2 2, 2,2,2{11}1{1}1;1{1{1{1;1,0,0,0{0;0|0|0|0|0]|0
1,0(9|8|7|6(5 312|11(0(9 4(3(2/1/0(9|8|7|6(|5[4|3|2|1]|0
FIFO1REM FIFO1SIZ FIFOOREM FIFO0SIZ
Table 400: FIFOPTR Register Bits
Bit Name Reset RW Description
The number of remaining data bytes slots currently in FIFO 1 (written by
31:24 FIFO1REM 0x0 RO | interface, read by MCU)
The number of valid data bytes currently in FIFO 1 (written by interface,
23:16 FIFO1SIZ 0x0 RO | read by MCU)
The number of remaining data bytes slots currently in FIFO 0 (written by
15:8 FIFOOREM 0x0 RO | MCU, read by interface)
The number of valid data bytes currently in the FIFO 0 (written by MCU,
7:0 FIFOO0SIZ 0x0 RO | read by interface)
8.19.2.3 FIFOTHR Register
FIFO Threshold Configuration
OFFSET: 0x00000104
INSTANCE 0 ADDRESS: 0x50004104
INSTANCE 1 ADDRESS: 0x50005104
INSTANCE 2 ADDRESS: 0x50006104
INSTANCE 3 ADDRESS: 0x50007104
INSTANCE 4 ADDRESS: 0x50008104
INSTANCE 5 ADDRESS: 0x50009104

Sets the threshold values for incoming and outgoing transactions. The threshold values are used to assert
the interrupt if enabled, and also used during DMA to set the transfer size as a result of DMATHR trigger.

Table 401: FIFOTHR Register

3(3|2(2|2[|2]|2 2(2|2(2|1{1|1}1(1{1(1|1{1|1]0(0,|0 o(ojofojo0fo0
110(9(8|7(6|5/4|3|2|1|0 4 110(9 8|7 5(4(3(2]|1(0
[a]
RSVD FIFOWTHR 5 FIFORTHR
o
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Table 402: FIFOTHR Register Bits

Bit

Name

Reset

RW

Description

31:14

RSVD

0x0

RO

RESERVED

13:8

FIFOWTHR

0x0

RW

FIFO write threshold in bytes. A value of 0 will disable the write FIFO level
from activating the threshold interrupt. If this field is non-zero, it will trigger a
threshold interrupt when the write FIFO contains FIFOWTHR free bytes, as
indicated by the FIFOOREM field. This is intended to signal when a transfer
of FIFOWTHR bytes can be done from the host to the IOM write FIFO to
support large IOM write operations.

7:6

RSVD

0x0

RO

RESERVED

5:0

FIFORTHR

0x0

RW

FIFO read threshold in bytes. A value of 0 will disable the read FIFO level
from activating the threshold interrupt. If this field is non-zero, it will trigger a
threshold interrupt when the read FIFO contains FIFORTHR valid bytes of
data, as indicated by the FIFO1SIZ field. This is intended to signal when a
data transfer of FIFORTHR bytes can be done from the IOM module to the
host via the read FIFO to support large IOM read operations.

8.19.2.4 FIFOPOP Register
FIFO POP register

OFFSET: 0x00000108

INSTANCE 0 ADDRESS
INSTANCE 1 ADDRESS
INSTANCE 2 ADDRESS
INSTANCE 3 ADDRESS
INSTANCE 4 ADDRESS
INSTANCE 5 ADDRESS

: 0x50004108
: 0x50005108
: 0x50006108
: 0x50007108
: 0x50008108
: 0x50009108

Will advance the internal read pointer of the incoming FIFO (FIFO1) when read, if POPWR is not active. If
POPWR is active, a write to this register is needed to advance the internal FIFO pointer.

Table 403: FIFOPOP Register

3 222 222 21/1{1{1{1{1{1{1{1(1{0{0;0|0{0|0|0|0 0
110 8(7|6 4.3(2(1(0 4/3(2|1(0|9(8|7|6|5|4(3|2[1]|0
FIFODOUT
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Table 404: FIFOPOP Register Bits

Bit Name Reset RW Description
This register will return the read data indicated by the current read pointer
31:0 FIFODOUT 0x0 RW on reads. If the POPWR control bit in the FIFOCTRL register is reset (0), the

FIFO read pointer will be advanced by one word as a result of the read.

8.19.2.5 FIFOPUSH Register

FIFO PUSH register
OFFSET: 0x0000010C

INSTANCE 0 ADDRESS:
INSTANCE 1 ADDRESS:
INSTANCE 2 ADDRESS:
INSTANCE 3 ADDRESS:
INSTANCE 4 ADDRESS:
INSTANCE 5 ADDRESS:

0x5000410C
0x5000510C
0x5000610C
0x5000710C
0x5000810C
0x5000910C

Will write new data into the outgoing FIFO and advance the internal write pointer.

Table 405: FIFOPUSH Register

1

1

1

111

1
4

1

1

-
o
o
o
o
o
o
o
o
o

FIFODIN

Table 406: FIFOPUSH Register Bits

Bit Name Reset RW Description
This register is used to write the FIFORAM in FIFO mode and will cause a
31:0 FIFODIN 0x0 RW push event to occur to the next open slot within the FIFORAM. Writing to

this register will cause the write point to increment by 1 word(4 bytes).

8.19.2.6 FIFOCTRL Register

FIFO Control
OFFSET: 0x00000110

INSTANCE 0 ADDRESS:
INSTANCE 1 ADDRESS:
INSTANCE 2 ADDRESS:
INSTANCE 3 ADDRESS:

0x50004110
0x50005110
0x50006110
0x50007110
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INSTANCE 4 ADDRESS: 0x50008110
INSTANCE 5 ADDRESS: 0x50009110

Provides controls for the operation of the internal FIFOs. Contains fields used to control the operation of
the POP register, and also controls to reset the internal pointers of the FIFOs.

Table 407: FIFOCTRL Register

-
-
o
o
o
o
o
o
o
o
o

3(2|2(2|2|2|2|2(2|2(2|1[1|1]|1|1 1111
7/6|5

-
)
©
©
~
o
3
IS
w
N
-
)
IS
-
©
©
~
o
3
IS
w
N
-
)

RSVD

FIFORSTN
POPWR

Table 408: FIFOCTRL Register Bits

Bit Name Reset RW Description

31:2 RSVD 0x0 Rro | RESERVED

Active low manual reset of the FIFO. Write to 0 to reset FIFO, and then write
1 FIFORSTN 0x1 RW | to 1 to remove the reset.

Selects the mode in which 'pop' events are done for the FIFO read opera-
tions. A value of '1' will prevent a pop event on a read operation, and will

0 POPWR 0x0 RW require a write to the FIFOPOP register to create a pop event.

8.19.2.7 FIFOLOC Register

FIFO Pointers

OFFSET: 0x00000114

INSTANCE 0 ADDRESS: 0x50004114
INSTANCE 1 ADDRESS: 0x50005114
INSTANCE 2 ADDRESS: 0x50006114
INSTANCE 3 ADDRESS: 0x50007114
INSTANCE 4 ADDRESS: 0x50008114
INSTANCE 5 ADDRESS: 0x50009114

Provides a read only value of the current read and write pointers. This register is read only and can be
used along with the FIFO direct access method to determine the next data to be used for input and output
functions.
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Table 409: FIFOLOC Register

3(3|2(2|2[|2)|2 2(2|2(2|1/1(11(1|1(1|1{1|j1,0(0|0(0j0j0|0|0|0]|O
1,0(9|8|7|6(5 312(1(0 4 1,0(9|8|7(6(5[4/3[2|1]|0
E 3

RSVD 14 RSVD =

O @)

I L

T T

Table 410: FIFOLOC Register Bits

Bit Name Reset RW Description
31:12 RSVD 0x0 Ro | Reserved
Current FIFO read pointer. Used to index into the incoming FIFO (FIFO1),
11:8 FIFORPTR 0x0 RW which is usgd to store read data returned from external devices during a
read operation.
7:4 RSVD 0x0 Ro | Reserved
Current FIFO write pointer. Value is the index into the outgoing FIFO
3:0 FIFOWPTR 0x0 RW | (FIFOO0), which is used during write operations to external devices.

8.19.2.8 INTEN Register

I0 Master Interrupts: Enable
OFFSET: 0x00000200
INSTANCE 0 ADDRESS: 0x50004200
INSTANCE 1 ADDRESS: 0x50005200
INSTANCE 2 ADDRESS: 0x50006200
INSTANCE 3 ADDRESS: 0x50007200
INSTANCE 4 ADDRESS: 0x50008200
INSTANCE 5 ADDRESS: 0x50009200

Set bits in this register to allow this module to generate the corresponding interrupt.

Table 411: INTEN Register

3(2|2|2|2]|2 2|2 2 (1)1 (1]|1]1 111 0 o(ojofojO0foO 0
110(9|8|7|6|5 3(2|1/0|9|8|7,6|5|4(3|2({1|/0|9(8|7(6|5[4|3|2|1]|0
8 — o

x|o
0l |o [0 s Tz =
RSVD 5%25§§9§§§§%§%8
88%0042(0(09_2&2!—5

®)
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Table 412: INTEN Register Bits

Bit Name Reset RW Description
31:15 RSVD 0x0 Ro | RESERVED
14 CQERR 0x0 RW Error during command queue operations
CQ write operation performed a register write with the register address bit 0
set to 1. The low address bits in the CQ address fields are unused and bit 0
13 CQUPD 0x0 RW | can be used to trigger an interrupt to indicate when this register write is per-
formed by the CQ operation.
Command queue is paused due to an active event enabled in the PAU-
SEEN register. The interrupt is posted when the event is enabled within the
12 CQPAUSED 0x0 RO | PAUSEEN register, the mask is active in the CQIRQMASK field and the
event occurs.
DMA Error encountered during the processing of the DMA command. The
1 DERR 0x0 RW DMA ferror coulq occur vyhen the memor.y. access specified in the DMA oper-
ation is not available or incorrectly specified.
DMA Complete. Processing of the DMA operation has completed and the
10 DCMP 0x0 RW | DMA submodule is returned into the idle state
Arbitration loss interrupt. Asserted when arbitration is enabled and has been
9 ARB 0x0 RW | lost to another master on the bus.
STOP command interrupt. Asserted when another master on the bus has
8 STOP 0x0 RW | signaled a STOP command.
START command interrupt. Asserted when another master on the bus has
7 START 0x0 RW | signaled a START command.
illegal command interrupt. Asserted when a command is written when an
6 ICMD 0x0 RW | active command is in progress.
illegal FIFO access interrupt. Asserted when there is a overflow or under-
5 IACC 0x0 RW | flow event
12C NAK interrupt. Asserted when an unexpected NAK has been received
4 NAK 0x0 RW | on the 12C bus.
Write FIFO Overflow interrupt. This occurs when software tries to write to a
3 FOVFL 0x0 RW | full FIFO. The current operation does not stop.
Read FIFO Underflow interrupt. This occurs when software tries to pop from
2 FUNDFL 0x0 RW | an empty FIFO.
FIFO Threshold interrupt. For write operations, asserted when the number
1 THR 0x0 RW | of free bytes in the write FIFO equals or exceeds the WTHR field.
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Table 412: INTEN Register Bits

Bit Name Reset RW Description
0 CMDCMP 0x0 RW Command complete interrupt
8.19.2.9 INTSTAT Register
10 Master Interrupts: Status
OFFSET: 0x00000204
INSTANCE 0 ADDRESS: 0x50004204
INSTANCE 1 ADDRESS: 0x50005204
INSTANCE 2 ADDRESS: 0x50006204
INSTANCE 3 ADDRESS: 0x50007204
INSTANCE 4 ADDRESS: 0x50008204
INSTANCE 5 ADDRESS: 0x50009204
Read bits from this register to discover the cause of a recent interrupt.
Table 413: INTSTAT Register
3(3|2(2|2[2]|2 2(2|2(2|1{1(1|1(1]|1{1]|1]|1|1]0 00 o(ojo0j(o0]|0
1/0(9(8(7(6(5 3|2 0 4/3(2|1(0|9(8|7|6|5|4(3|2[1]|0
8 1 o
X |Qa [ |
n|x o o (=) o =
RSVD G52z |Z8(c|2(218]|2|5(2|%|8
88%00410)'595282'-2
o
o
Table 414: INTSTAT Register Bits
Bit Name Reset RW Description
31:15 RSVD 0x0 RO RESERVED
14 CQERR 0x0 RW Error during command queue operations
CQ write operation performed a register write with the register address bit 0
set to 1. The low address bits in the CQ address fields are unused and bit 0
13 CQUPD 0x0 RW | can be used to trigger an interrupt to indicate when this register write is per-
formed by the CQ operation.
Command queue is paused due to an active event enabled in the PAU-
SEEN register. The interrupt is posted when the event is enabled within the
12 CQPAUSED 0x0 RO | PAUSEEN register, the mask is active in the CQIRQMASK field and the
event occurs.
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Table 414: INTSTAT Register Bits

Bit Name Reset RW Description
DMA Error encountered during the processing of the DMA command. The
1 DERR 0x0 RW DMA ferror coulq occur vyhen the memor.y. access specified in the DMA oper-
ation is not available or incorrectly specified.
DMA Complete. Processing of the DMA operation has completed and the
10 DCMP 0x0 RW | DMA submodule is returned into the idle state
Arbitration loss interrupt. Asserted when arbitration is enabled and has been
9 ARB 0x0 RW | lost to another master on the bus.
STOP command interrupt. Asserted when another master on the bus has
8 STOP 0x0 RW | signaled a STOP command.
START command interrupt. Asserted when another master on the bus has
7 START 0x0 RW | signaled a START command.
illegal command interrupt. Asserted when a command is written when an
6 ICMD 0x0 RW | active command is in progress.
illegal FIFO access interrupt. Asserted when there is a overflow or under-
5 IACC 0x0 RW | flow event
12C NAK interrupt. Asserted when an unexpected NAK has been received
4 NAK 0x0 RW | on the 12C bus.
Write FIFO Overflow interrupt. This occurs when software tries to write to a
3 FOVFL 0x0 RW | full FIFO. The current operation does not stop.
Read FIFO Underflow interrupt. This occurs when software tries to pop from
2 FUNDFL 0x0 RW | an empty FIFO.
FIFO Threshold interrupt. For write operations, asserted when the number
1 THR 0x0 RW | of free bytes in the write FIFO equals or exceeds the WTHR field.
0 CMDCMP 0x0 RW Command complete interrupt

8.19.2.10INTCLR Register

10 Master Interrupts: Clear

OFFSET: 0x00000208

INSTANCE 0 ADDRESS
INSTANCE 1 ADDRESS
INSTANCE 2 ADDRESS
INSTANCE 3 ADDRESS
INSTANCE 4 ADDRESS
INSTANCE 5 ADDRESS

: 0x50004208
: 0x50005208
: 0x50006208
: 0x50007208
: 0x50008208
: 0x50009208
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Write a 1 to a bit in this register to clear the interrupt status associated with that bit.

Table 415: INTCLR Register

312(2(|2|2]|2 2|2 211111 1 0 0/0/0|{0|0|0O 0
1/0(9(8(7(6|5 3]2{1/0(9,8|7|6|5[4|3|2|1/0|9,8|7|6|5|4|3|2|1]|0
8 1 o
x| o = —
m x| o o alo Lo =
|_
olo|g|e|e Plo|= 1= e 3
O
Table 416: INTCLR Register Bits
Bit Name Reset RW Description
31:15 RSVD 0x0 Ro | RESERVED
14 CQERR 0x0 RW Error during command queue operations
CQ write operation performed a register write with the register address bit 0
set to 1. The low address bits in the CQ address fields are unused and bit 0
13 CQUPD 0x0 RW | can be used to trigger an interrupt to indicate when this register write is per-
formed by the CQ operation.
Command queue is paused due to an active event enabled in the PAU-
SEEN register. The interrupt is posted when the event is enabled within the
12 CQPAUSED 0x0 RO | PAUSEEN register, the mask is active in the CQIRQMASK field and the
event occurs.
DMA Error encountered during the processing of the DMA command. The
1 DERR 0x0 RW DMA ferror coulq occur vyhen the memor.y. access specified in the DMA oper-
ation is not available or incorrectly specified.
DMA Complete. Processing of the DMA operation has completed and the
10 DCMP 0x0 RW | DMA submodule is returned into the idle state
Arbitration loss interrupt. Asserted when arbitration is enabled and has been
9 ARB 0x0 RW | lost to another master on the bus.
STOP command interrupt. Asserted when another master on the bus has
8 STOP 0x0 RW | signaled a STOP command.
START command interrupt. Asserted when another master on the bus has
7 START 0x0 RW | signaled a START command.
illegal command interrupt. Asserted when a command is written when an
6 ICMD 0x0 RW | active command is in progress.
illegal FIFO access interrupt. Asserted when there is a overflow or under-
5 IACC 0x0 RW | flow event
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Table 416: INTCLR Register Bits

Bit Name Reset RW Description
12C NAK interrupt. Asserted when an unexpected NAK has been received
4 NAK 0x0 RW | on the 12C bus.
Write FIFO Overflow interrupt. This occurs when software tries to write to a
3 FOVFL 0x0 RW | full FIFO. The current operation does not stop.
Read FIFO Underflow interrupt. This occurs when software tries to pop from
2 FUNDFL 0x0 RW | an empty FIFO.
FIFO Threshold interrupt. For write operations, asserted when the number
1 THR 0x0 RW | of free bytes in the write FIFO equals or exceeds the WTHR field.
0 CMDCMP 0x0 RW Command complete interrupt

8.19.2.11INTSET Register

10 Master Interrupts: Set
OFFSET: 0x0000020C

INSTANCE 0 ADDRESS: 0x5000420C
INSTANCE 1 ADDRESS: 0x5000520C
INSTANCE 2 ADDRESS: 0x5000620C
INSTANCE 3 ADDRESS: 0x5000720C
INSTANCE 4 ADDRESS: 0x5000820C
INSTANCE 5 ADDRESS: 0x5000920C

Write a 1 to a bit in this register to instantly generate an interrupt from this module. (Generally used for
testing purposes).

Table 417: INTSET Register

33 222 2(2|2(2|1{1(1|1(1|1(1|1[{1|1]0(0|0|0 0 0(0|0
10 8|7|6 3/12(1(0(9 )8 6 4(3(2(1|0|9|8|7|6(|5[4|3|2|1]|0
8 1 o
x| Qa [ |
wlx| o o nlo L =
RSVD 53251320 2/5(22I1512/E(3
318|g5(ale|<|o |6 (2= |R|2|7|2
(@)
o
Table 418: INTSET Register Bits
Bit Name Reset RW Description
31:15 RSVD 0x0 RO RESERVED
DS-A3-1p2p0 Page 308 of 946 ©2022 Ambiq Micro, Inc.

All rights reserved.




Apollo3 Blue SoC Datasheet

Table 418: INTSET Register Bits

Bit Name Reset RW Description
14 CQERR 0x0 RW Error during command queue operations
CQ write operation performed a register write with the register address bit 0
set to 1. The low address bits in the CQ address fields are unused and bit 0
13 CQUPD 0x0 RW | can be used to trigger an interrupt to indicate when this register write is per-
formed by the CQ operation.
Command queue is paused due to an active event enabled in the PAU-
SEEN register. The interrupt is posted when the event is enabled within the
12 CQPAUSED 0x0 RO | PAUSEEN register, the mask is active in the CQIRQMASK field and the
event occurs.
DMA Error encountered during the processing of the DMA command. The
1 DERR 0x0 RW DMA ferror coulq occur vyhen the memor.y. access specified in the DMA oper-
ation is not available or incorrectly specified.
DMA Complete. Processing of the DMA operation has completed and the
10 DCMP 0x0 RW | DMA submodule is returned into the idle state
Arbitration loss interrupt. Asserted when arbitration is enabled and has been
9 ARB 0x0 RW | lost to another master on the bus.
STOP command interrupt. Asserted when another master on the bus has
8 STOP 0x0 RW | signaled a STOP command.
START command interrupt. Asserted when another master on the bus has
7 START 0x0 RW | signaled a START command.
illegal command interrupt. Asserted when a command is written when an
6 ICMD 0x0 RW | active command is in progress.
illegal FIFO access interrupt. Asserted when there is a overflow or under-
5 IACC 0x0 RW | flow event
12C NAK interrupt. Asserted when an unexpected NAK has been received
4 NAK 0x0 RW | on the 12C bus.
Write FIFO Overflow interrupt. This occurs when software tries to write to a
3 FOVFL 0x0 RW | full FIFO. The current operation does not stop.
Read FIFO Underflow interrupt. This occurs when software tries to pop from
2 FUNDFL 0x0 RW | an empty FIFO.
FIFO Threshold interrupt. For write operations, asserted when the number
1 THR 0x0 RW | of free bytes in the write FIFO equals or exceeds the WTHR field.
0 CMDCMP 0x0 RW Command complete interrupt
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8.19.2.12CLKCFG Register
I/0 Clock Configuration
OFFSET: 0x00000210

INSTANCE 0 ADDRESS
INSTANCE 1 ADDRESS
INSTANCE 2 ADDRESS
INSTANCE 3 ADDRESS
INSTANCE 4 ADDRESS
INSTANCE 5 ADDRESS

: 0x50004210
: 0x50005210
: 0x50006210
: 0x50007210
: 0x50008210
: 0x50009210

Provides clock related controls used internal to the BLEIF module, and enablement of 32KHz clock to the
BLE Core module. The internal clock sourced is selected via the FSEL and can be further divided by 3
using the DIV3 control.

Table 419: CLKCFG Register

3 2(2|2(2|2|2]|2 21/1{1{1{1{1{1{1{1(1{0{0;0|0{0|0|0|0 0
110 8(7|6(5|4[3]|2 0 4 21 9(8|7(6|5[4|3|2(1|0
z
Z | m w
TOTPER LOWPER RSVD '-'>J > FSEL RSVD =<
o o O
©}
Table 420: CLKCFG Register Bits
Bit Name Reset RW Description
Clock total clock count minus 1. This provides the total period of the divided
31:24 TOTPER 0x0 RW | clock -1 when the DIVEN is active. The
Clock low clock count minus 1. This provides the number of clocks the
23:16 LOWPER 0x0 RW | divided clock will be low when the DIVEN = 1.
15:13 RSVD 0x0 RO RESERVED
Enable clock division by TOTPER and LOWPER
12 DIVEN 0x0 RW DIS = 0x0 - Disable TOTPER division.
EN = 0x1 - Enable TOTPER division.
Enable divide by 3 of the source IOCLK. Division by 3 is done before the
DIVEN programmable divider, and if enabled
1 DIV3 0x0 RW
DIS = 0x0 - Select divide by 1.
EN = 0x1 - Select divide by 3.
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Table 420: CLKCFG Register Bits

Bit

Name

Reset

RW

Description

10:8

FSEL

0x0

RW

Select the input clock frequency.

MIN_PWR = 0x0 - Selects the minimum power clock. This setting should be
used whenever the IOM is not active.

HFRC = 0x1 - Selects the HFRC as the input clock.

HFRC_DIV2 = 0x2 - Selects the HFRC / 2 as the input clock.

HFRC_DIV4 = 0x3 - Selects the HFRC / 4 as the input clock.

HFRC_DIV8 = 0x4 - Selects the HFRC / 8 as the input clock.

HFRC_DIV16 = 0x5 - Selects the HFRC / 16 as the input clock.
HFRC_DIV32 = 0x6 - Selects the HFRC / 32 as the input clock.
HFRC_DIV64 = 0x7 - Selects the HFRC / 64 as the input clock.

71

RSVD

0x0

RO

RESERVED

IOCLKEN

0x0

RW

Enable for the interface clock. Must be enabled prior to executing any 10
operations.

8.19.2.13SUBMODCTRL Register
Submodule control
OFFSET: 0x00000214

INSTANCE 0 ADDRESS
INSTANCE 1 ADDRESS
INSTANCE 2 ADDRESS
INSTANCE 3 ADDRESS
INSTANCE 4 ADDRESS
INSTANCE 5 ADDRESS

: 0x50004214
: 0x50005214
: 0x50006214
: 0x50007214
: 0x50008214
: 0x50009214

Provides enable for each submodule. Only a single submodule can be enabled at one time.

Table 421: SUBMODCTRL Register

3|2(2|2(2|2|2|2)|2 2|1(1|{1(1{1(1;1(1;1|1/0|j0{0|0(0|jO0O(O0|O0O(O0]|0O0
10 8|7(6|5(4|3(2|1]|0 4 1 9|8(7|6(5|4(3|2(1|0
w w
o pd o pd
N
RSRVD é 8 é 8
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Table 422: SUBMODCTRL Register Bits
Bit Name Reset RW Description
318 RSRVD 0x0 Ro | Reserved
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Table 422: SUBMODCTRL Register Bits

Bit Name Reset RW Description
Submodule 0 module type. This is the 12C Master interface
MSPI = 0x0 - SPI Master submodule
7:5 SMOD1TYPE 0x1 RO | I2C_MASTER = 0x1 - MI2C submodule
SSPI = 0x2 - SPI Slave submodule
S12C = 0x3 - 12C Slave submodule
NA = 0x7 - NOT INSTALLED
4 SMOD1EN 0x0 RW Submodule 1 enable (1) or disable (0)
Submodule 0 module type. This is the SPI Master interface.
SPI_MASTER = 0x0 - MSPI submodule
3:1 SMODOTYPE 0x0 RO | I2C_MASTER = 0x1 - 12C Master submodule
SSPI = 0x2 - SPI Slave submodule
S12C = 0x3 - 12C Slave submodule
NA = 0x7 - NOT INSTALLED
0 SMODOEN 0x0 RW Submodule 0 enable (1) or disable (0)
8.19.2.14CMD Register
Command and Offset
OFFSET: 0x00000218
INSTANCE 0 ADDRESS: 0x50004218
INSTANCE 1 ADDRESS: 0x50005218
INSTANCE 2 ADDRESS: 0x50006218
INSTANCE 3 ADDRESS: 0x50007218
INSTANCE 4 ADDRESS: 0x50008218
INSTANCE 5 ADDRESS: 0x50009218

Writes to this register will start an 1O transaction, as well as set various parameters for the command itself.
Reads will return the command value written to the CMD register.

Table 423: CMD Register

3(3|2(2|2(2|2|2|2]|2 1(1(1(1(1(1(1(1({1{1(0]0 o(ojojfojo|o0]|O
110(9|8|7|6|5(4|3|2 4/3(2|1(0|9(8|7|6|5|4(3|2[1]|0
& =
8 | & AR
OFFSETLO > ‘8 TSIZE Z| W CMD
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O
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Table 424: CMD Register Bits

Bit Name Reset RW Description
This register holds the low order byte of offset to be used in the transaction.
31:24 OFFSETLO 0x0 RW | The number of offset bytes to use is set with bits 1:0 of the command.
23:22 RSRVD22 0x0 Ro | Reserved

Command Specific selection information. Not used in Master 12C. Used as
21:20 CMDSEL 0x0 RW | CEn select for Master SPI transactions

Defines the transaction size in bytes. The offset transfer is not included in
19:8 TSIZE 0x0 RW | this size.

Continue to hold the bus after the current transaction if set to a 1 with a new
7 CONT 0x0 RW | command issued.

Number of offset bytes to use for the command - 0, 1, 2, 3 are valid selec-
tions. The second (byte 1) and third byte (byte 2) are read from the
6:5 OFFSETCNT 0x0 RW | OFFSETHI register, and the low order byte is pulled from this register in the
OFFSETLO field.

Command for submodule.

WRITE = 0x1 - Write command using count of offset bytes specified in the
OFFSETCNT field

READ = 0x2 - Read command using count of offset bytes specified in the
OFFSETCNT field

TMW = 0x3 - SPI only. Test mode to do constant write operations. Useful for
debug and power measurements. Will continually send data in OFFSET
field

TMR = 0x4 - SPI Only. Test mode to do constant read operations. Useful for
debug and power measurements. Will continually read data from external
input

4:0 CMD 0x0 RW

8.19.2.15DCX Register

DCX Control

OFFSET: 0x0000021C

INSTANCE 0 ADDRESS: 0x5000421C
INSTANCE 1 ADDRESS: 0x5000521C
INSTANCE 2 ADDRESS: 0x5000621C
INSTANCE 3 ADDRESS: 0x5000721C
INSTANCE 4 ADDRESS: 0x5000821C
INSTANCE 5 ADDRESS: 0x5000921C

Enables use of CE signals to transmit DCX level for SPI transactions. Only used in Apollo3 Revision B. For
Revision A, this register MUST NOT be programmed!
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Table 425: DCX Register

3(3|2(2|2|2|2|2(2|2(2|2(1|1|1(1|1(1]|1{1]|1]1|0]|0 o(ojofojO0foO
110(9(8|7(6|5({4|3|2|1]|0 4 1 9|8 5(4(3|2|1]0
- |E ===
wi3|3|3|3
2w W iw W
OO0 |0
Table 426: DCX Register Bits
Bit Name Reset RW Description
31:5 RSVD 0x0 RO RESERVED
DCX Signaling Enable The selected DCX signal (unused CE pin) will be
driven low during write of offset byte, and high during transmission of data
4 DCXEN 0x0 Rw | Ytes:
EN = 0x10 - Enable DCX.
DIS = 0x0 - Disable DCX.
3 CE30UT 0x0 RW Enable DCX output using CE3 output
2 CE20UT 0x0 RW Enable DCX output using CE2 output
1 CE10UT 0x0 RW Enable DCX output using CE1 output
0 CEOOUT 0x0 RW Enable DCX output using CEO output

8.19.2.160OFFSETHI Register
High order 2 bytes of 3 byte offset for 10 transaction

OFFSET: 0x00000220

INSTANCE 0 ADDRESS
INSTANCE 1 ADDRESS
INSTANCE 2 ADDRESS
INSTANCE 3 ADDRESS
INSTANCE 4 ADDRESS
INSTANCE 5 ADDRESS

: 0x50004220
: 0x50005220
: 0x50006220
: 0x50007220
: 0x50008220
: 0x50009220

High order 2 bytes of 3 byte offset for IO transaction
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Table 427: OFFSETHI Register

1

1

1111

-

1

1

o =

OFFSETHI

Table 428: OFFSETHI Register Bits

Bit Name

Reset

RW

Description

31:16 RSVD

0x0

RO

Reserved

15:0 OFFSETHI

0x0

RW

Holds the high order 2 bytes of the 3 byte addressing/offset field to use with
IO commands. The number of offset bytes to use is specified in the com-

mand register

8.19.2.177CMDSTAT Register

Command status
OFFSET: 0x00000224

INSTANCE 0 ADDRESS:
INSTANCE 1 ADDRESS:
INSTANCE 2 ADDRESS:
INSTANCE 3 ADDRESS:
INSTANCE 4 ADDRESS:
INSTANCE 5 ADDRESS:

0x50004224
0x50005224
0x50006224
0x50007224
0x50008224
0x50009224

Provides status on the execution of the command currently in progress. The fields in this register will reflect
the real time status of the internal state machines and data transfers within the IOM.

Table 429: CMDSTAT Register

3(3|2(2|2|2]|2 2(2|2(2|1(1|1|1(1]1([1]1 110/0/0|0(O0O|O0OfO|jO0O[O0]|O
110/9(8|7(6|5/4|3[2|1|0 4 0(9|8(7|6|5|4 3 (2|10
<
RSRVDO CTSIZE 8 CCMD
=
O
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Table 430: CMDSTAT Register Bits

Bit Name Reset RW Description
31:20 RSRVDO 0x0 Ro | Reserved
The current number of bytes still to be transferred with this command. This
19:8 CTSIZE 0x0 RO | field will count down to zero.
The current status of the command execution.
75 | owostr | oo | o BRSO Errcnematered i comman
IDLE = 0x4 - Idle state, no active command, no error
WAIT = 0x6 - Command in progress, but waiting on data from host
4:0 CCMD 0x0 RO current command that is being executed
8.19.2.18DMATRIGEN Register
DMA Trigger Enable
OFFSET: 0x00000240
INSTANCE 0 ADDRESS: 0x50004240
INSTANCE 1 ADDRESS: 0x50005240
INSTANCE 2 ADDRESS: 0x50006240
INSTANCE 3 ADDRESS: 0x50007240
INSTANCE 4 ADDRESS: 0x50008240
INSTANCE 5 ADDRESS: 0x50009240

Provides control on which event will trigger the DMA transfer after the DMA operation is setup and
enabled. The trigger event will cause a number of bytes (depending on trigger event) to be

Table 431: DMATRIGEN Register

2 (2|1

111111 1|]1({1|1|0(0|0(0|0Of0O|O0O 0|0

-

£
-
©
©
~
°
a
£
w
N
-
o

RSVD

DTHREN
DCMDCMPEN
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Table 432: DMATRIGEN Register Bits
Bit Name Reset RW Description
31:2 RSVD 0x0 RO RESERVED.
Trigger DMA upon THR level reached. For M2P DMA operations (IOM
| omRen | o0 | Rw e e e e s s
Trigger DMA upon command complete. Enables the trigger of the DMA
o | ououpeN | o | mw | e s command simmlted e i e ogere, e b o

8.19.2.19DMATRIGSTAT Register
DMA Trigger Status

OFFSET: 0x00000244
INSTANCE 0 ADDRESS: 0x50004244
INSTANCE 1 ADDRESS: 0x50005244
INSTANCE 2 ADDRESS: 0x50006244
INSTANCE 3 ADDRESS: 0x50007244
INSTANCE 4 ADDRESS: 0x50008244
INSTANCE 5 ADDRESS: 0x50009244

Provides the status of trigger events that have occurred for the transaction. Some of the bits are read only
and some can be reset via a write of 0.

Table 433: DMATRIGSTAT Register

33 22|22 2(2|2(2|1(1|1|1(1|1|(1|1{1|1|]0/0|0(0|O0Of(O0O|O0O[O0]|O
110 8(7|6|5 3(2|1(0 4 1 9(8|7(6|5[4|32(1|0
o o
=S|yl
) O
RSVD =&
o532
5| |8
Table 434: DMATRIGSTAT Register Bits
Bit Name Reset RW Description
31:3 RSVD 0x0 RO RESERVED.
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Table 434: DMATRIGSTAT Register Bits

Bit Name Reset RW Description
DMA triggered when DCMDCMP = 0, and the amount of data in the FIFO
was enough to complete the DMA operation (greater than or equal to cur-
2 DTOTCMP 0x0 RO | rent TOTCOUNT) when the command completed. This trigger is default
active when the DCMDCMP ftrigger is
Triggered DMA from THR event. Bit is read only and can be cleared by dis-
1 DTHR 0x0 RO | abling the DTHR trigger enable or by disabling DMA.
Triggered DMA from Command complete event. Bit is read only and can be
0 DCMDCMP 0x0 RO | cleared by disabling the DCMDCMP trigger enable or by disabling DMA.

8.19.2.20DMACFG Register
DMA Configuration

OFFSET: 0x00000280
INSTANCE 0 ADDRESS: 0x50004280
INSTANCE 1 ADDRESS: 0x50005280
INSTANCE 2 ADDRESS: 0x50006280
INSTANCE 3 ADDRESS: 0x50007280
INSTANCE 4 ADDRESS: 0x50008280
INSTANCE 5 ADDRESS: 0x50009280

Configuration control of the DMA process, including the direction of DMA, and enablement of DMA

Table 435: DMACFG Register

3|3|2(2|2|2]|2 2, 2,2|2{1{1{1{1{1{1{1{1{1]1{0,0;0|0|0|0|0)|0 0
1/0(9(8(7 (6|5 3/2(1{0(9]|8 6 413|2|1|/0|9|8|7|6|5|4|3|2|1]|0
|z x
x x\z
)
RSVD T | RSVD 2|
3 2|5
& a a
Table 436: DMACFG Register Bits
Bit Name Reset RW Description
31:10 RSVD 0x0 Ro | RESERVED.
Power off module after DMA is complete. If this bit is active, the module will
request to power off the supply it is attached to. If there are other units still
9 DPWROEF 0x0 RW requiring power from the same domain, power down will not be performed.
DIS = 0x0 - Power off disabled
EN = 0x1 - Power off enabled
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Table 436: DMACFG Register Bits

Bit Name Reset RW Description
Sets the Priority of the DMA request
8 DMAPRI 0x0 RW 1| oW = 0x0 - Low Priority (service as best effort)
HIGH = 0x1 - High Priority (service immediately)
7:2 RSVD 0x0 Ro | RESERVED.
Direction
1 DMADIR 0x0 RW P2.M = 0x0 - Penpher.al to .Memory.(SRAM) transaction. To t_)e set when
doing IOM read operations, i.e., reading data from external devices.
M2P = 0x1 - Memory to Peripheral transaction. To be set when doing IOM
write operations, i.e., writing data to external devices.
DMA Enable. Setting this bit to EN will start the DMA operation. This should
be the last DMA related register set prior to issuing the command
0 DMAEN 0x0 RW

DIS = 0x0 - Disable DMA Function
EN = 0x1 - Enable DMA Function

8.19.2.21DMATOTCOUNT Register
DMA Total Transfer Count
OFFSET: 0x00000288

INSTANCE 0 ADDRESS
INSTANCE 1 ADDRESS
INSTANCE 2 ADDRESS
INSTANCE 3 ADDRESS
INSTANCE 4 ADDRESS
INSTANCE 5 ADDRESS

: 0x50004288
: 0x50005288
: 0x50006288
: 0x50007288
: 0x50008288
: 0x50009288

Contains the number of bytes to be transferred for this DMA transaction. This register is decremented as
the data is transferred, and will be 0 at the completion of the DMA operation.

Table 437: DMATOTCOUNT Register

33 2(2|2(2|2|2|2|2(2|{1(1|1{1|1|1|1|1(1|1(0|0[0|0|O0O|O0O|O0O|O0|O0|0O
110 8(7|6[(5|4|3[2|1|0 4 1 9(8|7(6|5[4|3|2(1]|0
RSRVDD TOTCOUNT
Table 438: DMATOTCOUNT Register Bits
Bit Name Reset RW Description
31:12 RSRVDD 0x0 Ro | Reserved
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Table 438: DMATOTCOUNT Register Bits

Bit Name Reset RW Description
Triggered DMA from Command complete event occurred. Bit is read only
11:0 TOTCOUNT 0x0 RW and can be cleared by disabling the DTHR trigger enable or by disabling

DMA.

8.19.2.22DMATARGADDR Register
DMA Target Address
OFFSET: 0x0000028C

INSTANCE 0 ADDRESS: 0x5000428C
INSTANCE 1 ADDRESS: 0x5000528C
INSTANCE 2 ADDRESS: 0x5000628C
INSTANCE 3 ADDRESS: 0x5000728C
INSTANCE 4 ADDRESS: 0x5000828C
INSTANCE 5 ADDRESS: 0x5000928C

The source or destination address internal the SRAM for the DMA data. For write operations, this can only
be SRAM data (ADDR bit 28 = 1); For read operations, this can be either SRAM or FLASH (ADDR bit 28 =

0)
Table 439: DMATARGADDR Register
3(2|2(2|2|2|2|2|2 111111 (1{1(1|1(1|00(0|0(0|0O(O0|O0[O0]|0O
110/9(8|7(6|5[4|3 2|1 4/3(2|1(0|9(8|7|6|5|4(3|2[1]|0
[se]
AN
5
RSVD 9,: RSVD TARGADDR
V]
14
<
Table 440: DMATARGADDR Register Bits
Bit Name Reset RW Description
31:29 RSVD 0x0 Ro | Reserved
Bit 28 of the target byte address for source of DMA (either read or write). In
28 TARGADDR28 0x0 RW cases. of non-word aligned addresses, t.he DMA logic will take care for
ensuring only the target bytes are read/written.
27:21 RSVD 0x0 Ro | Reserved
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Table 440: DMATARGADDR Register Bits

Bit Name Reset RW Description
Bits [19:0] of the target byte address for source of DMA (either read or
write). The address can be any byte alignment, and does not have to be
20:0 TARGADDR 0x0 RW | word aligned. In cases of non-word aligned addresses, the DMA logic will

take care for ensuring only the target bytes are read/written.

8.19.2.23DMASTAT Register
DMA Status

OFFSET: 0x00000290
INSTANCE 0 ADDRESS: 0x50004290
INSTANCE 1 ADDRESS: 0x50005290
INSTANCE 2 ADDRESS: 0x50006290
INSTANCE 3 ADDRESS: 0x50007290
INSTANCE 4 ADDRESS: 0x50008290
INSTANCE 5 ADDRESS: 0x50009290

Status of the DMA operation currently in progress.

Table 441: DMASTAT Register

313 2 (2|22 2(2|2(2|1|{1(1}1(1|1(1|1{1|1,]0(0|0(0|0[0|O0|0|0]|O
110 8|7|6|5 3]2{1/0(9,8|7|6|5[4|3|2|1/0|9,8|7|6|5|4|3|2|1]|0
%o |
RSVD Wil
s|=|2
alo|e
Table 442: DMASTAT Register Bits
Bit Name Reset RW Description
313 RSVD 0x0 Ro | RESERVED.
DMA Error. This active high bit signals an error was encountered during the
2 DMAERR 0x0 RW DMA.operat|or?. The bit can be cleared by writing to 0. Once set, this bit will
remain set until cleared by software.
DMA Transfer Complete. This signals the end of the DMA operation. This bit
1 DMACPL 0x0 RW can be cleared by writing to 0, and will also be cleared when a new DMA is
started.
DMA Transfer In Progress indicator. 1 will indicate that a DMA transfer is
0 DMATIP 0x0 RO gctlve. The .DMAtransfer may be waiting on data, transferring data, or wait-
ing for priority.
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8.19.2.24CQCFG Register
Command Queue Configuration
OFFSET: 0x00000294

INSTANCE 0 ADDRESS: 0x50004294
INSTANCE 1 ADDRESS: 0x50005294
INSTANCE 2 ADDRESS: 0x50006294
INSTANCE 3 ADDRESS: 0x50007294
INSTANCE 4 ADDRESS: 0x50008294
INSTANCE 5 ADDRESS: 0x50009294

Controls parameters and options for execution of the command queue operation. To enable command
queue, create this in memory, set the address, and enable it with a write to CQEN

Table 443: CQCFG Register

3|3(2(2(2|2|2|2|2(2(2(2|1|1|1|1(1(1/1|1}1|1|]0(0(0f0]|0|0]|0]|0O 0
1,0/9|8(7(6(5/43|2|1/0(9/8|7|6|5|4|3(2(1/0/9|8|7|6|5[4/3|2|1]|0
I -

— |2

RSVD %d%g

2" 0|°

Table 444: CQCFG Register Bits

Bit Name Reset RW Description

31:4 RSVD 0x0 RO RESERVED.

Selects the MPSI modules used for sourcing the CQFLAG [11:8].

MSPIOFLGSEL = 0x0 - Selects MPSIO as source of signals used in
CGFLAG[11:8].
MSPI1FLGSEL
CGFLAG[11:8].
MSPI2FLGSEL
CGFLAG[11:8].

3:2 MSPIFLGSEL 0x0 RW

0x1 - Selects MPSI1 as source of signals used in

0x2 - Selects MPSI2 as source of signals used in

Sets the Priority of the command queue DMA request

! CaPRI 0x0 RW LOW = 0x0 - Low Priority (service as best effort)

HIGH = 0x1 - High Priority (service immediately)

Command queue enable. When set, will enable the processing of the com-
mand queue and fetches of address/data pairs will proceed from the word
address within the CQADDR register. Can be disabled using a CQ executed
0 CQEN 0x0 RW | write to this bit as well.

DIS = 0x0 - Disable CQ Function
EN = 0x1 - Enable CQ Function
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8.19.2.25CQADDR Register
CQ Target Read Address
OFFSET: 0x00000298

INSTANCE 0 ADDRESS
INSTANCE 1 ADDRESS
INSTANCE 2 ADDRESS
INSTANCE 3 ADDRESS
INSTANCE 4 ADDRESS
INSTANCE 5 ADDRESS

: 0x50004298
: 0x50005298
: 0x50006298
: 0x50007298
: 0x50008298
: 0x50009298

The SRAM address which will be fetched next execution of the CQ operation. This register is updated as
the CQ operation progresses, and is the live version of the register. The register can also be written by the
Command Queue operation itself, allowing the relocation of successive CQ fetches. In this case, the new
CQ address will be used for the next CQ address/data fetch.

Table 445: CQADDR Register

3|3 2|2(2(2(2|2|2|2|2(1(1{1|1|1|1|1|1(1[1|]0|0|0|O0OfO0OfO0O|0|0]|O0]|O
10 8|7(6(5(4/3|2|1]|0 4(3(2(1|0|9|8|7|6|5[4|3|2|1]|0
3
a o 8
= g RSRVD1 CQADDR z
%) < %]
hd g hd
o
Table 446: CQADDR Register Bits
Bit Name Reset RW Description
31:29 RSRVD2 0x0 Ro | Reserved
Bit 28 of target byte address for source of CQ. Used to denote Flash (0) or
28 CQADDR28 0x0 RW | SRAM (1) access
27:21 RSRVD1 0x0 Ro | Reserved
Bits 19:2 of target byte address for source of CQ. The buffer must be
20:2 CQADDR 0x0 RW | aligned on a word boundary
1:0 RSRVDO 0x0 Ro | Reserved
8.19.2.26CQSTAT Register
Command Queue Status
OFFSET: 0x0000029C
INSTANCE 0 ADDRESS: 0x5000429C
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INSTANCE 1 ADDRESS: 0x5000529C
INSTANCE 2 ADDRESS: 0x5000629C
INSTANCE 3 ADDRESS: 0x5000729C
INSTANCE 4 ADDRESS: 0x5000829C
INSTANCE 5 ADDRESS: 0x5000929C

Provides the status of the command queue operation. If the command queue is disabled, these bits will be

cleared. The bits are read only

Table 447: CQSTAT Register

1

-
o
o
o

111111

-

1111

(3]
£
(2]
N
-
o

RSVD

CQERR
CQPAUSED
CQTIP

Table 448: CQSTAT Register Bits

Bit Name Reset RW Description
313 RSVD 0x0 Ro | RESERVED.
Command queue processing Error. This active high bit signals that an error
2 CQERR 0x0 RW | was encountered during the CQ operation.
Command queue operation is currently paused.
1 CQPAUSED 0x0 RO
Command queue Transfer In Progress indicator. 1 will indicate that a CQ
0 caTiP 0x0 RO transfer is active and this will remain active even when paused waiting for
external event.

8.19.2.27CQFLAGS Register
Command Queue Flag

OFFSET: 0x000002A0

INSTANCE 0 ADDRESS: 0x500042A0
INSTANCE 1 ADDRESS: 0x500052A0
INSTANCE 2 ADDRESS: 0x500062A0
INSTANCE 3 ADDRESS: 0x500072A0
INSTANCE 4 ADDRESS: 0x500082A0
INSTANCE 5 ADDRESS: 0x500092A0

Command Queue Flag
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Table 449: CQFLAGS Register

3(3|2(2|2|2|2|2(2|2(2|2{1|1}1|1}1(1|1(1|1{1]0]{0|0|O0(0|O0O(0|0 0|0
1,0/9|8|7(6(5[43[2|1]|0 4 1 9|8|7(6(5[43[2|1]|0
CQIRQMASK CQFLAGS

Table 450: CQFLAGS Register Bits

Bit Name Reset RW Description

Mask the bits used to generate the command queue interrupt. A'1"in the bit
position will enable the pause event to trigger the interrupt, if the CQWT _int

31:16 CQIRQMASK 0x0 RW interrupt is enabled. Bits definitions are the same as CQPAUSE

Current flag status (read-only). Bits [7:0] are software controllable and bits
15:0 CQFLAGS 0x0 RO | [15:8] are hardware status.

8.19.2.28CQSETCLEAR Register
Command Queue Flag Set/Clear
OFFSET: 0x000002A4

INSTANCE 0 ADDRESS: 0x500042A4
INSTANCE 1 ADDRESS: 0x500052A4
INSTANCE 2 ADDRESS: 0x500062A4
INSTANCE 3 ADDRESS: 0x500072A4
INSTANCE 4 ADDRESS: 0x500082A4
INSTANCE 5 ADDRESS: 0x500092A4

Set/Clear the command queue software pause flags on a per-bit basis. Contains 3 fields, allowing for
setting, clearing or toggling the value in the software flags. Priority when the same bit

Table 451: CQSETCLEAR Register

3(3|2(2|2|2|2|2(2|2(2|2(1]|1]1 1 1|j1/1/1j0(0|0(0|j0j0|0 00O
110/9/8|7|(6|5(4|3(2|1/0|9,8(7|6(5|4[3|2|{1|(0|9(8|7(6|5[4|3|2(1]|0

-
-

RSVD CQFCLR CQFTGL CQFSET

Table 452: CQSETCLEAR Register Bits

Bit Name Reset RW Description
31:24 RSVD 0x0 Ro | Reserved
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Table 452: CQSETCLEAR Register Bits

Bit Name Reset RW Description
Clear CQFlag status bits. Will clear to 0 any SWFLAG with a 1" in the corre-
23:16 CQFCLR 0x0 WO | sponding bit position of this field
Toggle the indicated bit. Will toggle the value of any SWFLAG with a 1" in
15:8 CQFTGL 0x0 WO | the corresponding bit position of this field
Set CQFlag status bits. Will set to 1 the value of any SWFLAG with a '1" in
7:0 CQFSET 0x0 WO | the corresponding bit position of this field
8.19.2.29CQPAUSEEN Register
Command Queue Pause Enable
OFFSET: 0x000002A8
INSTANCE 0 ADDRESS: 0x500042A8
INSTANCE 1 ADDRESS: 0x500052A8
INSTANCE 2 ADDRESS: 0x500062A8
INSTANCE 3 ADDRESS: 0x500072A8
INSTANCE 4 ADDRESS: 0x500082A8
INSTANCE 5 ADDRESS: 0x500092A8

Enables a flag to pause an active command queue operation. If a bit is '1' and the corresponding bit in the
CQFLAG register is '1', CQ processing will halt until either value is changed to '0'".

Table 453: CQPAUSEEN Register

3|3 222 222 2(1|1(1|1{1|(1;1(1|1(1|j0(0|0|0f0O|O0OfO0O|O0O[O0]|O
1(10 8|76 4|13|2|1|0|9|8|7|6|5|4|3|2|1|0|9|8|7|6|5|4|3|2|1]|0
RSVD CQPEN
Table 454: CQPAUSEEN Register Bits
Bit Name Reset RW Description
31:16 RSVD 0x0 Ro | Reserved
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Table 454:

CQPAUSEEN Register Bits

Bit Name

Reset

RW

Description

15:0 CQPEN

0x0

RW

Enables the specified event to pause command processing when active

IDXEQ = 0x8000 - Pauses the command queue when the current index
matches the last index

BLEXOREN = 0x4000 - Pause command queue when input BLE bit XORed
with SWFLAG4 is '1'

IOMXOREN = 0x2000 - Pause command queue when input IOM bit XORed
with SWFLAG3 is '1'

GPIOXOREN = 0x1000 - Pause command queue when input GPIO irg_bit
XORed with SWFLAG2 is '1'

MSPI1XNOREN = 0x800 - Pause command queue when selected MSPI
input bit 1 (buffer 1 ready) XNORed with SWFLAG1 is '1'. MSPI used is
selected in CQCFG.MSPIFLGSEL field.

MSPIOXNOREN = 0x400 - Pause command queue when selected MSPI
input bit 0 (buffer 0 ready) XNORed with SWFLAG1 is '1'. MSPI used is
selected in CQCFG.MSPIFLGSEL field.

MSPI1XOREN = 0x200 - Pause command queue when selected MSPI input
bit 1 (buffer 1 ready) XORed with SWFLAGH1 is '1'. MSPI used is selected in
CQCFG.MSPIFLGSEL field.

MSPIOXOREN = 0x100 - Pause command queue when selected MSPI input
bit 0 (buffer 0 ready) XORed with SWFLAG1 is '1'. MSPI used is selected in
CQCFG.MSPIFLGSEL field.

SWFLAGENY = 0x80 - Pause the command queue when software flag bit 7
is'1'.

SWFLAGENSG = 0x40 - Pause the command queue when software flag bit 6
is'1'

SWFLAGENS = 0x20 - Pause the command queue when software flag bit 5
is'1'

SWFLAGEN4 = 0x10 - Pause the command queue when software flag bit 4
is'1'

SWFLAGEN3 = 0x8 - Pause the command queue when software flag bit 3
is'1'

SWFLAGEN2 = 0x4 - Pause the command queue when software flag bit 2
is'1'

SWFLAGEN1 = 0x2 - Pause the command queue when software flag bit 1
is'1'

SWFLAGENO = 0x1 - Pause the command queue when software flag bit 0
is'1'

8.19.2.30CQCURIDX Register

IOM Command Queue current index value . Compared to the CQENDIDX reg contents to generate
the IDXEQ Pause event for command queue

OFFSET: 0x000002AC

INSTANCE 0 ADDRESS
INSTANCE 1 ADDRESS
INSTANCE 2 ADDRESS
INSTANCE 3 ADDRESS
INSTANCE 4 ADDRESS
INSTANCE 5 ADDRESS

: 0x500042AC
: 0x500052AC
: 0x500062AC
: 0x500072AC
: 0x500082AC
: 0x500092AC

Current index value, targeted to be written by register write operations within the command queue. This is
compared to the CQENDIDX and will stop the CQ operation if bit 15 of the CQPAUSEEN is '1' and
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Table 455: CQCURIDX Register

313 2(2|2(2|2|2|2|2(2|{1(1|1{1|1|1|1|1(1|1(0|0[0|0|O0O|O0O|O0O|O0O|O0|O
110 8(7|6(5|4(3|2|1(0]9 4 1 9(8|7(6|5[4|32(1|0
RSVD CQCURIDX
Table 456: CQCURIDX Register Bits
Bit Name Reset RW Description
31:8 RSVD 0x0 RO RESERVED
Holds 8 bits of data that will be compared with the CQENDIX register field. If
the values match, the IDXEQ pause event will be activated, which will cause
7:0 CQCURIDX 0x0 RW | the pausing of command queue operation if the IDXEQ bit is enabled in

CQPAUSEEN.

8.19.2.31CQENDIDX Register

IOM Command Queue current index value . Compared to the CQCURIDX reg contents to generate
the IDXEQ Pause event for command queue

OFFSET: 0x000002B0

INSTANCE 0 ADDRESS
INSTANCE 1 ADDRESS
INSTANCE 2 ADDRESS
INSTANCE 3 ADDRESS
INSTANCE 4 ADDRESS
INSTANCE 5 ADDRESS

: 0x500042B0
: 0x500052B0
: 0x500062B0
: 0x500072B0
: 0x500082B0
: 0x500092B0

End index value, targeted to be written by software to indicate the last valid register pair contained within
the command queue for a register write operations within the command queue.

Table 457: CQENDIDX Register

3 2(2|2(2|2[|2]|2 2(1|1(1|1(1|1;1(1|1(1|0(0j0[{0|0|0|0|O 0
110 8(7|/6(5|/4(3|2/1/0|9(8|7(6|5/{4|3|2(1|{0(9|8[7|6|5|4|3|[2|1|0
RSVD CQENDIDX
Table 458: CQENDIDX Register Bits
Bit Name Reset RW Description
31:8 RSVD 0x0 RO RESERVED
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Table 458: CQENDIDX Register Bits

Bit Name Reset RW Description
Holds 8 bits of data that will be compared with the CQCURIX register field. If
the values match, the IDXEQ pause event will be activated, which will cause
7:0 CQENDIDX 0x0 RW | the pausing of command queue operation if the IDXEQ bit is enabled in

CQPAUSEEN.

8.19.2.32STATUS Register
IOM Module Status

OFFSET: 0x000002B4

INSTANCE 0 ADDRESS
INSTANCE 1 ADDRESS
INSTANCE 2 ADDRESS
INSTANCE 3 ADDRESS
INSTANCE 4 ADDRESS
INSTANCE 5 ADDRESS

IOM Module Status

: 0x500042B4
: 0x500052B4
: 0x500062B4
: 0x500072B4
: 0x500082B4
: 0x500092B4

Table 459: STATUS Register

-
-
-
-
-
o
o
o
o
o
o
o
o
o

111111
8|7(6(5(4(3/2|1|0(9(8(|7|6|5|4]|3

N
-
o

RSVD

IDLEST
CMDACT
ERR

Table 460: STATUS Register Bits

Bit

Name

Reset

RW

Description

31:3

RSVD

0x0

RO

RESERVED

IDLEST

0x0

RO

indicates if the active 1/0 state machine is IDLE. Note - The state machine
could be in idle state due to hold-offs from data availability, or as the com-
mand gets propagated into the logic from the registers.

IDLE = 0x1 - The I/O state machine is in the idle state.

CMDACT

0x0

RO

Indicates if the active I/0O Command is currently processing a transaction, or
command is complete, but the FIFO pointers are still synchronizing inter-
nally. This bit will go high at

ACTIVE = 0x1 - An I/O command is active. Indicates the active module has
an active command and is processing this. De-asserted when the command
is completed.
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Table 460: STATUS Register Bits

Bit

Name

Reset

RW

Description

ERR

0x0

RO

Bit has been deprecated. Please refer to the other error indicators. This will
always return 0.

ERROR = 0x1 - Bit has been deprecated and will always return 0.

8.19.2.33MSPICFG Register

SPI module master configuration
OFFSET: 0x00000300
INSTANCE 0 ADDRESS: 0x50004300
INSTANCE 1 ADDRESS: 0x50005300
INSTANCE 2 ADDRESS: 0x50006300
INSTANCE 3 ADDRESS: 0x50007300
INSTANCE 4 ADDRESS: 0x50008300

INSTANCE 5 ADDRESS: 0x50009300
Controls the configuration of the SPI master module, including POL/PHA, LSB, flow control, and delays for

MISO and MOSI
Table 461: MSPICFG Register
3 2 (2|22 22|21 1 111(1|1|{1(1|0(0|0(0|0[0]|O 0
110 8(7|6|5 3(2|1/0|9|8|7,6|5|4(3|2({1|/0|9(8|7(6|5[4|3|2|1]|0
= > = c o
0|9 A 2 D9 |E|a Zlolo Sl |
S | = a Q15|15 |3 |5 L | RSVD 819
215 3 Z |Z|5|z|EIR|S|2|E =
= a Q » |2 < = 2
Table 462: MSPICFG Register Bits
Bit Name Reset RW Description
31 RSVD 0x0 Ro | RESERVED
30 MSPIRST 0x0 RW Not used. To reset the module, toggle the SMOD_EN for the module
Delay tap to use for the output signal (MOSI). This give more hold time on
29:27 DOUTDLY 0x0 RW | the output data
Delay tap to use for the input signal (MISO). This gives more hold time on
26:24 DINDLY 0x0 RW | the input data.
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Table 462: MSPICFG Register Bits

Bit Name Reset RW Description
Selects data transfer as MSB first (0) or LSB first (1) for the data portion of
the SPI transaction. The offset bytes are always transmitted MSB first.

23 SPILSB 0x0 RW
MSB = 0x0 - Send and receive MSB bit first
LSB = 0x1 - Send and receive LSB bit first
selects the read flow control signal polarity.

22 RDFCPOL 0x0 RW HIGH = 0x0 - Flow control signal high creates flow control.

LOW = 0x1 - Flow control signal low creates flow control.

selects the write flow control signal polarity. The transfers are halted when
the selected flow control signal is OPPOSITE polarity of bit. (For example:
WTFCPOL = 0 will allow a IRQ=1 to pause transfers).

21 WTFCPOL Ox1 RW HIGH = 0x0 - Flow control signal high(1) creates flow control and byte trans-
fers will stop until the flow control signal goes low.

LOW = 0x1 - Flow control signal low(0) creates flow control and byte trans-
fers will stop until the flow control signal goes high(1).
selects the write mode flow control signal.
20 WTFCIRQ 0x0 RW MISO = 0x0 - MISO is used as the write mode flow control signal.
IRQ = 0x1 - IRQ is used as the write mode flow control signal.

19 RSVD 0x0 Ro | Reserved
inverts MOSI when flow control is enabled.

18 MOSIINV 0x0 RW NORMAL = 0x0 - MOSI is set to 0 in read mode and 1 in write mode.
INVERT = 0x1 - MOSl is set to 1 in read mode and 0 in write mode.
enables read mode flow control.

17 RDFC 0x0 RW DIS = 0x0 - Read mode flow control disabled.

EN = 0x1 - Read mode flow control enabled.
enables write mode flow control.
16 WTFC 0x0 RW DIS = 0x0 - Write mode flow control disabled.
EN = 0x1 - Write mode flow control enabled.
15:3 RSVD 0x0 RO RESERVED
Enables full duplex mode for Master SPI write operations. Data will be cap-

2 FULLDUP 0x0 RW | tured simultaneously into the read FIFO
selects SPI phase.

1 SPHA 0x0 RW S(%l\gPLE_LEADING_EDGE = 0x0 - Sample on the leading (first) clock
SAMPLE_TRAILING_EDGE = 0x1 - Sample on the trailing (second) clock
edge.
selects SPI polarity.

0 SPOL 0x0 RW CLK_BASE_0 = 0x0 - The base value of the clock is 0.

CLK_BASE_1 = 0x1 - The base value of the clock is 1.
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8.19.2.34MI2CCFG Register

12C Master configuration

OFFSET: 0x00000400

INSTANCE 0 ADDRESS
INSTANCE 1 ADDRESS
INSTANCE 2 ADDRESS
INSTANCE 3 ADDRESS
INSTANCE 4 ADDRESS
INSTANCE 5 ADDRESS

: 0x50004400
: 0x50005400
: 0x50006400
: 0x50007400
: 0x50008400
: 0x50009400

Controls the configuration of the I12C bus master.

Table 463: MI2CCFG Register

3(3|2(2|2|2|2|2(2|2|2|2(1|1|{1|1|1(1|1(1]|1[(1|]0|0(0|0|0|O0|0O 00
110/ 9/8|7(6|5(4|3[2|1|{0|98(7|6(5|4(3|2|1(0|9(8|7|6|5|4|3]|2 0
> >
= -
0 o) o) Sle| 7 |5|z |82
RSRVD3 2 SMPCNT Z Z zlo| 2 |zlalAl5
4 2 u g8l a |o|Z|Qa
(%) a &) Z|lsS| o |Z|<|~7|<
n n
Table 464: MI2CCFG Register Bits
Bit Name Reset RW Description
31:25 RSRVD3 0x0 Ro | Reserved
24 STRDIS 0x0 RW Disable detection of clock stretch events smaller than 1 cycle
Number of Base clock cycles to wait before sampling the SCL clock to
23:16 SMPCNT 0x0 RW | determine if a clock stretch event has occurred
Number of IOCLK cycles to delay the SDA output en (all transitions
15:12 SDAENDLY 0x0 RW | affected). Used to delay data relative to clock
Number of IOCLK cycles to delay the rising edge of the SCL output en
11:8 SCLENDLY 0x0 RW | (clock will go low on this edge). Used to allow clock shaping.
7 RSRVD2 0x0 Ro | Reserved
6 MI2CRST 0x0 RW Not used. To reset the module, toggle the SMOD_EN for the module
54 SDADLY 0x0 RW Delay to enable on the SDA output. Values are 0x0-0x3.
3 RSRVD1 0x0 Ro | Reserved
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Table 464: MI2CCFG Register Bits

Bit Name Reset RW Description
Enables multi-master arbitration for the 12C master. If the bus is known to
have only a single master, this function can be disabled to save clock cycles
on I12C transactions

2 ARBEN 0x0 RW ARBEN = 0x1 - Enable multi-master bus arbitration support for this 12C
master
ARBDIS = 0x0 - Disable multi-master bus arbitration support for this 12C
master
Direction of data transmit and receive, MSB(0) or LSB(1) first. Default per
12C specification is MSB first. This applies to both read and write data, and
read data will be bit

1 12CLSB 0x0 RW MSBFIRST = 0x0 - Byte data is transmitted MSB first onto the bus/read
from the bus
LSBFIRST = 0x1 - Byte data is transmitted LSB first onto the bus/read from
the bus
Sets the 12C master device address size to either 7 bits (0) or 10 bits (1).

0 ADDRSZ 0x0 RW ADDRSZ7 = 0x0 - Use 7-bit addressing for I2C master transactions
ADDRSZ10 = 0x1 - Use 10-bit addressing for I2C master transactions

8.19.2.35DEVCFG Register

12C Device Configuration register
OFFSET: 0x00000404

INSTANCE 0 ADDRESS:
INSTANCE 1 ADDRESS:
INSTANCE 2 ADDRESS:
INSTANCE 3 ADDRESS:
INSTANCE 4 ADDRESS:
INSTANCE 5 ADDRESS:

0x50004404
0x50005404
0x50006404
0x50007404
0x50008404
0x50009404

Contains the 12C device address.

Table 465: DEVCFG Register

3(3|2(2]|2]|2 2(2|2(2|1|{1|1}1(1|1(1|1{1|1|]0(0|0(0|O0[0|O0|0|0|O
10|98 |76 3/12(1(0(9 )8 6 4(3(2(1|0|9|8|7|6|5[4(3|2|1]|0
RSVD DEVADDR
Table 466: DEVCFG Register Bits
Bit Name Reset RW Description
31:10 RSVD 0x0 Ro | Reserved
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Table 466: DEVCFG Register Bits

Bit Name Reset RW Description
I12C address of the device that the Master will use to target for read/write
9:0 DEVADDR 0x0 RW | operations. This can be either a 7-bit or 10-bit address.

8.19.2.36/0MDBG Register

IOM Debug
OFFSET: 0x00000410

INSTANCE 0 ADDRESS: 0x50004410
INSTANCE 1 ADDRESS: 0x50005410
INSTANCE 2 ADDRESS: 0x50006410
INSTANCE 3 ADDRESS: 0x50007410
INSTANCE 4 ADDRESS: 0x50008410
INSTANCE 5 ADDRESS: 0x50009410

Debug control

Table 467: IOMDBG Register

3|3|2(2|2|2]|2 2(2|2(2|1|{1|1|1(1|1(1|1{1|1|]0(0|0f(0|O0[0|O0O|0|0]|O
1/0(9(8(7(6|5 3/]2(1|0 4 1 9876|543 |2|1]|0
z
@) % =
N4 w
DBGDATA 11X 10
2|0 (@
a|Oo (B
=
Table 468: IOMDBG Register Bits
Bit Name Reset RW Description
Debug control for various options. DBGDATA[1:0] is used to select between
31:3 DBGDATA 0x0 RW | different debug data available in the DBGO and DBG1 registers.
APBCLK debug clock control. Enable APB_CLK to be active when this bit is
2 APBCLKON 0x0 RW | '1'. Otherwise, the clock is controlled with gating from the logic as needed.
IOCLK debug clock control. Enable I0_CLK to be active when this bit is 1.
1 IOCLKON 0x0 RW | Otherwise, the clock is controlled with gating from the logic as needed.
Debug Enable. Setting bit will enable the update of data within this register,
0 DBGEN 0x0 RW | otherwise it is clock gated for power savings
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9. 12C/SPI Slave Module

SPI Slave Controller REGs

e )
12C Slave Controller INTs Interface

XN\ Ol

FIFO

Figure 42. Block diagram for the I2C/SPI Slave Module

9.1 Functional Overview

The 12C/SPI Slave (10S) Module, shown in Figure 42, allows the Apollo3 Blue SoC to function as a Slave

in an 12C or SPI system. The I2C/SPI Slave operates in an independent fashion, so that the device may be
placed in a sleep mode and still receive operations over the I/O interface. The Slave may be configured to
generate an interrupt on specific references.

The I12C/SPI Slave contains 256 bytes of RAM which is only accessible when the module is enabled. This
RAM may be flexibly configured into three spaces: a block directly accessible via the /O interface, a block
which functions as a FIFO for read operations on the interface, and a block of generally accessible RAM
used to store parameters during deep sleep mode.

In 12C mode the Slave supports fully configurable 7 and 10-bit addressing with interface timing limits as

specified in the Inter-Integrated Circuit (I20) Interface section of the Electricals chapter. In SPI mode, the
Slave supports all polarity/phase combinations and interface frequencies as specified in the Serial
Peripheral Interface (SPI) Slave Interface section.

9.2 Local RAM Allocation

The 12C/SPI Slave is built around a 256-byte local RAM (LRAM), through which all data flows between the

CPU AHB and the 10 interface. The I°C/SPI Slave supports a 128-byte offset space when accessed from
the 1/O interface.

The LRAM is divided into three separate areas on 8-byte boundaries. These areas are:

1. ADirect Area for direct communication between the host and the MCU, which is mapped between
the AHB address space and the 1/O address space. This area is from LRAM address 0x00 to the
address calculated from the 5-bit FIFOBASE field in the FIFO configuration register (FIFOCFG),
minus 1. This 5-bit field (IOSLAVE_FIFOCFG_FIFOBASE) should contain a value that represents
the start of the FIFO Area and, in so doing, defines the size of the Direct Area in 8-byte segments.
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Part of this area can be defined as IO Slave Read-only starting at any 8-byte segment defined by
IOSLAVE_FIFOCFG_ROBASE and extending through the end of the Direct Area at FIFOBASE*8-
1.

A FIFO Area which is used to stream data from the Apollo3 Blue SoC. This memory is directly
addressed from the AHB, but accessed from the 1/O Interface using a single I/O address Ox7F as a
streaming port. The FIFO area is from the LRAM address calculated from the value in the
FIFOBASE field, FIFOBASE*8, to the LRAM address calculated from the value in the FIFOMAX
field of the FIFOCFG register, IOSLAVE_FIFOCFG_FIFOMAX.The upper FIFO Area address is
FIFOMAX*8-1. The maximum value for FIFOMAX is 0x20, which would result in an upper FIFO
Area address of OxFF.

A RAM Area which is accessible only from the AHB Slave. The RAM area is from the LRAM
address calculated from the value in the FIFOMAX field of the FIFOCFG register, IOSLAVE_FIFO-
CFG_FIFOMAX, to address OxFF. Setting FIFOMAX to 0x20 would result in a RAM area of zero
size.

The data in the LRAM is maintained in Deep Sleep Mode.

Figure 43 below shows the LRAM address mapping between the I/O interface and the AHB.

9.3

1/0 Address RAM/AHB
0x00 0x00
Up to 120 Bytes
Directly Direct Area
Addressable
FIFOBASE * 8 - 1
<«— FIFOBASE * 8
0x78-7B IOINT Regs FIFO Area
0x7C FIFOCTRLO
0x7D FIFOCTRUP <«— FIFOMAX * 8
0x7F FIFO (Data)
RAM Area

OxFF

Figure 43. I2C/SPI Slave Module LRAM Addressing

Direct Area Functions

The Direct Area is used for direct communications between the interface Host and the Apollo3 Blue SoC.
The Host may write a register in this Register Access space, called REGACC, and read it back without
requiring the CPU to wake up, so that very low power interactions are supported. In some cases, however,
accesses require interaction with the CPU.

REGACC interrupts are mapped in the Direct Area and operate as follows. Each REGACC interrupt status

bit will be set whenever there is a read or write over the 12C or SPI interface in the Direct Area with an
offset address which corresponds to a particular REGACC interrupt. Table 469 below lists the offsets to
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memory locations within the Direct Area and corresponding interrupt bit settings in the REGACCINTSTAT
register.

I/O writes to locations 0x0-0xF will set a corresponding interrupt flag in the REGACCINTSTAT register.
These locations are typically used for specific commands to the Apollo3 Blue SoC. Note that not all flags
need generate an actual interrupt, so small multi-byte commands may be transmitted in this area. For
example, a write to location 0x0 will set bit 31 of the REGACCINTSTAT register, a write to location 0x1 will
set bit 30 of REGACCINTSTAT, and a write to location OxF will set bit 16 of the REGACCINTSTAT register.

The upper 16 REGACC interrupts are each generated on an access to the last byte of a 32-bit word,
starting at 0x10. I/O writes to locations 0x10 to Ox4F will set a corresponding interrupt flag in the
REGACCINTSTAT register if the I/O address modulo 4 is 3 (i.e. addresses 0x13, 0x17, 0x1B, etc.). This
allows larger transfers to be sent in a burst with a trigger being generated on the last write, and it also
allows specifying a data buffer of any whole word size and have an interrupt generated on access to the
last byte of the buffer. For example, a write to location 0x13 will set bit 15 of the REGACCINTSTAT
register, a write to location 0x17 will set bit 14 of REGACCINTSTAT, and a write to location Ox4F will set bi