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Apollo3 Blue Plus SoC Datasheet

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 2 MB of flash memory for code/data
- Up to 768 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 and 2x 2/4-bit SPI master interfaces (MSPIs)
- 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:
- 5.3x4.3x0.8 mm, 108-ball BGA with 74 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 Ambiq Micro’s patented Sub-
threshold Power Optimized Technology (SPOT™) and designed
for battery-powered and portable, mobile devices. The Apollo3
Blue Plus SoC sets a new standard in energy efficiency for bat-
tery-powered devices with an integrated ARM Cortex-M4 proces-
sor with Floating Point Unit and TurboSPOT™ increasing the
computational capabilities of the ARM Cortex M4F core to 96 MHz
while lowering the active power consumption to <6 uA/MHz. This
combination 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 Ambiq’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. The Apollo3 Blue also
forms the core of Ambiq’s Voice-on-SPOT™ reference platform
making it the perfect device for always-on voice assistant integra-
tion and command recognition to battery-powered devices. The
Apollo3 Blue provides a dedicated second core for the ultra-low
power BLE5 connectivity platform providing superior RF through-
put and leaving plenty of resources available for user applications.
The Apollo3 Blue Plus SoC adds two additional MSPI modules (3
total) to the Apollo3 feature set, and increases the external
memory execute-in-place (XiP) aperture from 64 MB to 96 MB (32
MB/ MSPI instance). Additionally, internal FLASH increases from
1 MB to 2 MB, SRAM from 384 KB to 768 KB (TCM size remains
at 64 KB) and the GPIO count increases from 50 to 74.
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Table 142: SKU REEISTEI ......cciuiiiiieiieeiie ettt e etie ettt ettesete et e e eeesseessbeeseeessaesseessseenseas 143
Table 143: SKU ReEIStEr BItS ....ccueiiiiiiiiiiieciiiecieeesiie ettt see e tae e tve e vaeeeraeenaeenns 143
Table 144: FEATUREENABLE ReEZISET .....cc.eoviiiiiiiiiciciecie st 143
Table 145: FEATUREENABLE Register Bits........cccccteriiiiieiiiiiieiieeiie et 144
Table 146: DEBUGGER REZIStEI ......uciiiiiiiiiieeeiieceiie ettt et et ee e 144
Table 147: DEBUGGER RegiSter Bits.......c..couiririiiiiiiiiiiieiiesiieseee et 145
Table 148: DMASRAMWRITEPROTECT2 ReGISter........ccueviiniiiieiieieeiie et 145
Table 149: DMASRAMWRITEPROTECT2 Register Bits ........cccccerverieiienieiieeeeeie e 145
Table 150: ADCPWRDLY REZIStEr....cc..eeiuiiiiiiiieiiie ettt ettt ettt 145
Table 151: ADCPWRDLY Register BitS.......ccccccveviiiiiiiiiiiiecie ettt 146
Table 152: ADCCAL REISIET ...uviieiiieeiiieeieieeieeestieeeeeieeeieeeseaeeeseaeeessaeesssseeessaeesssaeessaeenns 146
Table 153: ADCCAL RegIStEr BitS .....cc.ueiiieiiiiiieiiie ettt ettt s 146
Table 154: ADCBATTLOAD REZISLET .......ccciiiiieiieeieeiieetie ettt eeve e e svaeenaeeeve e 147
Table 155: ADCBATTLOAD RegiSter Bits ......ccccveiieiieieieeie et 147
Table 156: ADCTRIM REZISLET .....ccvieruieeiiieiiietieeiie ettt ettt st e eaee e e as 147
Table 157: ADCTRIM Re@iSter BitS.......cccieiiiiiiieriieiie ettt 148
Table 158: ADCREFCOMP REIStET.......uiiiiiiiieiieeiiie e ciie et eeee e e 148
Table 159: ADCREFCOMP Reg@ister Bits ........cccceeuieiiiiiiiiiiciieeiiesiie et 148
Table 160: XTALCTRL REZISIET ....cccvvieiiieeeiie ettt ettt e eeseeesnneae s 149
Table 161: XTALCTRL RegiSter BitsS........cccciieeiiieciiiecieceeee ettt 149
Table 162: XTALGENCTRL REZISIET .....cc.ceeviieiiieeiieiiieiieie ettt et 150
Table 163: XTALGENCTRL Register Bits .......cccceeeiviiiiiiiiie et 150
Table 164: MISCCTRL REZISTET ......cevueiiiiiiiriieniieecie ettt st 151
Table 165: MISCCTRL RegIStEr BItS .....cccueeiiiiiieriieeieeiieeiie ettt 151
Table 166: BOOTLOADER REZIStEI .....ccuuuiiiiieeiiie ettt et eee e e seve e e seaeeeseae e 152
Table 167: BOOTLOADER Register Bits ........cccceviviiiiiiiiiiiieiienienececie e 152
Table 168: SHADOWVALID REZISLET .......ccciiiiieriieiieeiieciieeeie ettt eeveeieeseaesseeseaeeneeas 153
Table 169: SHADOWYVALID Register Bits .........ccooiiiiiiiieiiieiiie e 153
Table 170: SCRATCHO REZISET ....c..eeeuiieiiiiiiesiie ettt ettt sttt eaee e e 153
Table 171: SCRATCHO ReISter BitS ......ccueeviieiiieeiicieieiieie ettt s 154
Table 172: SCRATCHT REZISLET ....ccuvieeiiieeiiie ettt ee e eteeesete e sabe e e seaeeesaseeessaeanns 154
Table 173: SCRATCHI RegiSter Bits......cc.ceioiiiiiieiieiiiiiieiie et e 154
Table 174: ICODEFAULTADDR REZISTET .....cccueeiiiieiieeiieiieeiiesiee ettt 154
Table 175: ICODEFAULTADDR Register BitS ........cccccvevueiieieiieriieieseeie e 155
Table 176: DCODEFAULTADDR REZIStET .....c.coiiiiieiiieiieiieiiie sttt 155
Table 177: DCODEFAULTADDR Register Bits ........ccccecueiiirieiierieneeieeie e 155
Table 178: SYSFAULTADDR REZISIET ....ccuvveiiiieiiiie ettt 155
Table 179: SYSFAULTADDR RegiSter BitS........cccueeouieiiinieeiiciieeeieiie e 156
Table 180: FAULTSTATUS REZISIET ......eeeiiieeiie et etieeeee et ee e e seveeesaveeesese e e 156
Table 181: FAULTSTATUS RegiSter BIts ......ccccvoiiiiiiiiiiiiiienececece e 156
Table 182: FAULTCAPTUREEN REZISET ......ccueiiiiiiiieiiiieiie ittt 157
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Table 183: FAULTCAPTUREEN Register BitS .........cccceeieieiiinieiiieie e 157
Table 184: DBGRI REEISIET......ccccuiiiiiiieeiie ettt ettt et ee et ee e eesereeeeeneeeesneeesaneaens 158
Table 185: DBGR1 RegiSter BItS ........cccuiiiiiiiiieiiie ettt s 158
Table 186: DBGR2 REZISIET......cccciiiiiiieeiiie ettt sttt et s ee e e eese e e snseeesaneeens 158
Table 187: DBGR2 RegiSter BItS ........ccouiiiiiiiieiiie ettt 158
Table 188: PMUENABLE REZISIET .....c..cciiiiiieriieeieeieeet ettt sttt eaae e eees 159
Table 189: PMUENABLE RegiSter BitS.........ccoviiiiiiieiiiie e 159
Table 190: TPIUCTRL REZISET ......ccviriiiieiiieiieniieteeeie ettt et st 159
Table 191: TPIUCTRL Re@ISter Bits ......cccuiiiiieiieeieeiiiiceiie ettt 159
Table 192: OTAPOINTER REZIStET.......ccevieiiieeiiieciiieeieeeeee ettt 160
Table 193: OTAPOINTER RegiSter BItS ......cc.coviviiiiiiiiiiiiieiiesiieeeecece et 160
Table 194: SRAMMODE REZISIET......ccueeiuiiiiiieiieeiie ettt et ettt steeseve e e seae s eebeeneeas 161
Table 195: SRAMMODE RegiSter Bits .......cccceeeiiieiiiieciiiieieeecieeese et 161
Table 196: KEXTCLKSEL REZISIET ......eecuiiiiiiiieiiie ettt ettt sttt 162
Table 197: KEXTCLKSEL Register BitS.........cccceiieiiiiiiiiiieeie et 162
Table 198: SIMOBUCKT REZISIET ... ..ccceiuiieiiiiesiiiesiieeeciie et eesiieeeseieeeetaeeesaaeeevaeessaeennsaeenns 162
Table 199: SIMOBUCKI Re@iSter Bits .......ccceerieiiiiiiiiieie ettt 163
Table 200: SIMOBUCKZ REZISIET ......cccuieiiieiieeiieeieeieeetieiie et eeeeestae e eseeeeseessaesnseenseaenns 163
Table 201: SIMOBUCK2 RegiSter Bits .........cceeieriiiieiieieie e 163
Table 202: SIMOBUCKS3 REZISTET ......ccuuieiieiiieiie ettt eeiie et et e st st e e e ssaesnseenneeenns 165
Table 203: SIMOBUCK3 Re@ISter BitS .......cccvveiiieiieiiiiiieie ettt s 165
Table 204: SIMOBUCKZ REISIET ......vuiiiiieeeiie e eiieeeietteereeeeeeseieeeseneeessseaessseeesaneaens 166
Table 205: SIMOBUCK4 Re@iSter Bits ........cccevieiiiiiiiiiieie et 166
Table 206: BLEBUCKT REZISLET ....ccuviiiiiieeiiie et ettt ettt ee s sive e seveeesnseeesnneeens 167
Table 207: BLEBUCKT Re@ister BitS.......cccuooiiriiriiiiiieiiiieiiesieeecece e 168
Table 208: BLEBUCK?2 REZISLET .......ceeuieiiiiiieeiie ettt et ee st sete et e e e ssaessse e anees 168
Table 209: BLEBUCK?2 RegiSter BitS.......ccccuiieiiiieiiiieiieceie ettt 169
Table 210: FLASHWPROTO REZISTET ...c..eeuviriiiniiiiiieeiecicie ettt et 169
Table 211: FLASHWPROTO RegiSter BitS.......cceeevuieiiiiiiieieeiieeiiesiie et 169
Table 212: FLASHWPROT 1 REZISTET ...c.ueeuvieeieieieiiiee ettt et 170
Table 213: FLASHWPROT1 Register BitS.......cccooviiiiiiiiiiiiiiciiesncecie e 170
Table 214: FLASHWPROT2 REZISLET ....ccueiiiieiieeiieeitiiieiie ettt esae e 170
Table 215: FLASHWPROT2 Register BitS.......cccveeoiiiiiiieiiieceie et 170
Table 216: FLASHWPROT3 REZISTET ....ccueiiiiiiieciie ettt ettt e 171
Table 217: FLASHWPROT3 RegiSter BitS.......ccveeuieiiiiiiieieceeeicesiie et 171
Table 218: FLASHRPROTO REZISLET .......oeeeviiieiieeeiie ettt et s 171
Table 219: FLASHRPROTO RegiSter BitS.......cccueiuiiiiiiiiiie et 171
Table 220: FLASHRPROT T REZISLET .....ccviiiiieiieeiiecieeeeietie ettt sttt 172
Table 221: FLASHRPROT T RegiSter BitS.......ccccvieriiieeiiieiiiecieeeeeeeee et 172
Table 222: FLASHRPROT2 REZISLET .....ccuiiriiiiieiiieeieeieeiie ettt sttt s 172
Table 223: FLASHRPROT2 RegiSter BitS........ccceeueeiiiiiieiieciececeecesiie e 172
Table 224: FLASHRPROT3 REZISLET ......occoiiieieiieciie ettt 173
Table 225: FLASHRPROT3 RegiSter BitS........ccccevieiiiiiiiiiecie et 173
Table 226: DMASRAMWRITEPROTECTO REGISter........ccveierieriiiiieeieeie e 173
Table 227: DMASRAMWRITEPROTECTO0 Register Bits .........ccccceevvereeieeieeieseieeeeeene 173
Table 228: DMASRAMWRITEPROTECT T ReGISter........cccveuiriiniiriinieeiecie i 174
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Table 229: DMASRAMWRITEPROTECT1 Register Bits ........cccoocevviereerieeieniiesieneeeenee 174
Table 230: DMASRAMREADPROTECTO REZISter......cccueiuieieeiieriieiereeie e 174
Table 231: DMASRAMREADPROTECTO Register BitS ........cccccveevienieiiiiniieiie e, 174
Table 232: DMASRAMREADPROTECT1 REZISter......cccueiuieieiiieriieiieeie e 175
Table 233: DMASRAMREADPROTECT1 Register Bits .......cccccevieviereeieeieeieseeeeeeeeee 175
Table 234: DMASRAMREADPROTECT2 REZISter......cccueruieiieriiiriiriinieeie e 175
Table 235: DMASRAMREADPROTECT2 Register Bits ........cccevivvineeiieeieiiesiceeeeeeee 175
Table 236: CACHECTRL RegISter Map.......cceeviiriiriiiiieiiiieeiiestie ettt 180
Table 237: CACHECFG REZISLEI........cccuiiiiieiieiiie ettt ettt st et ssaesnae e ennes 181
Table 238: CACHECFG RegiSter BitS ........ccoviiiiiiieiiie ittt 181
Table 239: CTRL REZISLET.......couiiiiiiiieiie ittt st 182
Table 240: CTRL Re@iSter BitS .......ccceeieiiiieiiieiieeiie ettt ettt et ssee e e s 182
Table 241: NCROSTART ReEZIStOT .....uvviiiieeiiie ettt et eete e st eseve e sraeeesaae e 184
Table 242: NCROSTART RegiSter Bits.......ccccuieriieiieiiiiiieie e et 184
Table 243: NCROEND REZISLEI ......ccveeiiiiiiiiieitie ettt et et seve e e e e essaeenaeenseenneas 185
Table 244: NCROEND RegiSter BitS.......c.cccviiieiiieiiiie et 185
Table 245: NCRISTART REZISIET .....ceouvieiiiiieiie ettt ettt ettt e 185
Table 246: NCRISTART RegiSter BitS.......ccccuieriieiiiiiiiiieie ettt s 185
Table 247: NCRIEND REZISET .....ccccviieiiieeiiie e cieee et eeieee e e see e seveeestve e e svaeeesaaeeeaaeenns 186
Table 248: NCRIEND Re@iSter BitS.......cccceeviiiiriieiiiiiieiieiie ettt s 186
Table 249: DMONO REZISLET ......cccuiiriieiiieiiieriietie ettt eetie et e e sraesabe e e sseessaessseenseannns 186
Table 250: DMONO RegiSter BitS .......cccciiiiiieieiie ettt ettt 186
Table 251: DMONT REEISLET .. ..cccviiiieiiieeiieeiietieeiie ettt ettt st st e e e ssaesatesnneannees 187
Table 252: DMONIT RegISter BitS .......cceoiiiiiiieeiiie et et 187
Table 253: DMON2 REEISLET .....cccutiiiiiriieeiieiieet et ettt ettt st et esseesateeabeennees 187
Table 254: DMON2 Re@ISter BItS .......ccueiiieiiiiiieeiie ittt ettt st sttt 187
Table 255: DMON3 REZISIET .. ..cuueieiiieieiieeeiieeiieette et teseeeeaee st e eieeesnseeessaeeessseeessseeenens 188
Table 256: DMON3 RegISter Bits ......ccueeuiiiiriiiriiniiieeie ettt 188
Table 257: IMONO REGISLET ......eeiuiietieeiieeieeteetieetie ettt et eie et staeesaeenee e e aessaessseenneas 188
Table 258: IMONO Re@ISter BitS......c.uieioiieiiiieeiie ettt 188
Table 259: IMONT REZISTET ....c..eoviiriiiiiiieiiieriiet ettt sttt ettt saee 189
Table 260: IMONT Re@IStEr BitS.......cooveiiieiiiiiieriie ettt enae e 189
Table 261: IMONZ REZISLET .....ueeiiiieeiieeeiieeeiie et eree e te e e vee et ee et aeseneeeessneessseeeenneaens 189
Table 262: IMON2 Re@ISter BitS........cccuiiiiiiiiiiiieeiie ettt 189
Table 263: IMON3 REZISLET ....cuveeriieiieeiieeiiertieetie et ent et eete et e ereessaesebeeseeeeseesssessseenseannnes 190
Table 264: IMON3 RISt BIlS.....cccviieiiiieiiieeiiie ettt ete e stve e seve e svae e raeeeaae e 190
Table 265: FLASHOCFG REZISLEI ......ccuiiiiiiiieiiie ettt ettt st s 190
Table 266: FLASHOCFG RegiSter BitS........cccoeviieiieiiiciiiiiecie ettt 190
Table 267: FLASHICEFG REZISIET ...c.uvvieiiieeiiie e cieie et eetee et eeeeeeeeeieeesereeeseseeesnseeessneaens 191
Table 268: FLASHICFG Register BitS........cccoeiiieiiieiieeiieiiecie e 191
Table 269: FLASH2CFG REZISLEI ......ccuieiiiieiieiiie ittt e et seve e eseeessaesnaeenneanneas 192
Table 270: FLASH2CFG RegiSter BitS.......cccuiieiuieieiieeciie et 192
Table 271: FLASH3CFG REZISLEI .....cocuviiiiiiiieiie ettt ettt st enae e aneeas 193
Table 272: FLASH3CFG RegiSter BItS......ccccuvieiiieiiiieeiie et 193
Table 273: BLEIF REZISTET IMAD ....coiviiiiiiiiiiiiieiie ettt ettt e 208
Table 274: FIFO REZISTET ......occuiieiieitieeiie ettt ettt ettt saae e e e e e saessaeenseenneas 210
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Table 275: FIFO Re@IStEr BitS......c.cccieeiieiiiiiieiieeiie ettt ettt sive e e s eese s 210
Table 276: FIFOPTR REZISTET ....c.uviiiiiiieiiieeiiie ettt stae e stbe e e stve e e srae e e saaeeesaeenns 210
Table 277: FIFOPTR RegiSter BItS .........cccieiiiiiieiiie ettt e 211
Table 278: FIFOTHR REZISIET ......vviiiiiieiie ettt sttt s eesane e 211
Table 279: FIFOTHR Register BitS.........ccciiiiiiiiiiieiie e 211
Table 280: FIFOPOP REZISLET .......ccoivieriieeiiieiiietieeiie ettt ettt ettt seae e e e e e sseeseseenees 212
Table 281: FIFOPOP RegiSter BitS .......cccviiviiieiiieeiie et s 212
Table 282: FIFOPUSH REZISTET ......cveriiiiiiiieiieniiet ettt sttt ettt 212
Table 283: FIFOPUSH RegiSter BitS........ccvevviiiriieiieeiieiieiie ettt 213
Table 284: FIFOCTRL REZISTET .....ccccviieiiieeiiieeiiiecieee et eeieeeeeeestieeesereeeseveeeseaeeessseeensaeenns 213
Table 285: FIFOCTRL RegiSter Bits......cc.coouiiiiririiiicieciciecie et 213
Table 286: FIFOLOC REZISLET ......ceovvieeiieeiieiiieiieetie ettt et eeeeeaesaaeesveeeeeessaeesaeseseeneeas 214
Table 287: FIFOLOC RegISter BitS......cccuiiiiiieiiiie et 214
Table 288: CLKCFG REZISTET .......ciiiieiieeiiieiiieeie ettt ettt sttt et e enees 214
Table 289: CLKCFG RegIStEr BitS......ccueeiuiiiiiiiieriie ettt ettt st eie e s e s 215
Table 290: CIMD REZISTET .....cuviieiiieeiiieeieie et ee ettt e e stteeestieeetteeeseteeessaeesssaeasssaeeesaeensaeennsaeenns 215
Table 291: CMD Re@ISter BitS .......cccuieiiieiiiiiiiiieciie ettt s 216
Table 292: CMDRPT REZISET ......ceovviiiiiiiiiieiieeiie ettt ettt et staeseve et e eseessaeenseenseaenees 216
Table 293: CMDRPT RegiSter Bits.......ccceeieriieriieieieeie ettt 217
Table 294: OFFSETHI REGISIET .....ccovieiuiieiiieiieiie ettt ettt ettt e 217
Table 295: OFFSETHI ReZISter BitS.......cccviiiieiiieeiie ettt 217
Table 296: CMDSTAT REZISIET......ccciiiiiiieeeiie e ceie et teree e et e sreee e eeeeseeessseeessneaens 218
Table 297: CMDSTAT ReIStEr BitS ......ccoiiiiiiiiiieeieeiieieie ettt e 218
Table 298: INTEN REGISIET ......cceiuiieiiiieeiiie ettt ee ettt e e sete e e sebe e e saaeeesraeessaeennsaeenns 218
Table 299: INTEN Register Bits ........coouiiiiiiiiiiieiie et 219
Table 300: INTSTAT REZISTEI ...cccueeiiieeiieiiieiiesiie ettt eetie et e st sate e e e e e ssaeesaesnneaneas 220
Table 301: INTSTAT RegISter BitS.....ccccuvieiiiiieiieeeiie et s 220
Table 302: INTCLR REZISTET ......couieriiriiieiiiieiie sttt sttt et sre e 222
Table 303: INTCLR Re@ISter BitS.......cccuiiiuiiiiieiieeiecitieieeie ettt s 222
Table 304: INTSET REZISIET ....ccccueieeiiieeiiieeie ettt ettt estae e aae e stae e vaeevaeennaeenns 224
Table 305: INTSET RegiSter BitS.......cocceoiiiiiiiriiiiieciecicie et 224
Table 306: DMATRIGEN REZISIET .....cc..cccuiiiiieiieeiie ettt sttt e 225
Table 307: DMATRIGEN Re@iSter Bits ......c..ccoviiiiiieiiiie et 226
Table 308: DMATRIGSTAT REZISLET ....cc.ueeiiieiieiie ettt ettt 226
Table 309: DMATRIGSTAT RegiSter BitS.......ccccevueeiiiiiiieiiecieeeeeiie et 226
Table 310: DMACFG ReEZISIET......ceiiiiiieiiieeieieeieeeciieeeeeieeeeeeseteeestaeeesebeeessseeessaeesssaeessaeenns 227
Table 311: DMACFG RegiSter BItS ........cccuieiiiiiieiie ettt e 227
Table 312: DMATOTCOUNT ReEZISIET ......ecouvieiieiieeieeiteetieeiie e eeeeesieeetve e eseaesseeesseeneeas 228
Table 313: DMATOTCOUNT Register Bits........ccceoieiieieieeiesiiereeeee e 228
Table 314: DMATARGADDR REZISTET .....cccueiiiieiieiiieeiieeiie ettt et 228
Table 315: DMATARGADDR Register BitS........ccccoeciiriiiiieiiieiiesiie et 228
Table 316: DMASTAT REZISIET.....cccuiiiiieieciieeectieeetieeetieetie e tae e e evaeeree e aeeaneaeesseeeeens 229
Table 317: DMASTAT RegiSter Bifs ......cccuiiiiiiiieiieeiieeiieiie ettt s 229
Table 318: CQCFG REZISLOT ... ..ccocuiiieiieeiiie ettt et te e et ee e ser e sneeesnneeesnneeesnneeens 230
Table 319: CQCFG Re@IStEr BitS .....cccuuiiiiieieiie ettt et et eeae e e eeae e eaneans 230
Table 320: CQADDR REISTET .......ceeuiieiiiiiieiieeiie ettt ettt sttt srae et e s 231
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Table 321: CQADDR RegiSter Bits.........ccciiiiieiiieeiiecie ettt e 231
Table 322: CQSTAT REZISIET ...ccuuvieeiiieeiiie ettt e et e st e e e sebe e e saveeesraeesssaeeesaeenns 231
Table 323: CQSTAT RegiSter BitS......ccciiiiiiiiiieiiieeieeieeeie et 232
Table 324: CQFLAGS ReEZISIET ... ..ccciuiiiiiiieeieieeitee et ee ettt ee e e e sebeeesebeeesaaeeessaeesssaeennsaeenns 232
Table 325: CQFLAGS RegiSter BIts .......ccuiiiuiiiiieiie ettt 232
Table 326: CQSETCLEAR REZISET ......cccuiiiiieiieiie ettt ettt et s 233
Table 327: CQSETCLEAR Re@iSter Bits........ccccoiiiiiiieiiiieiiie ettt 233
Table 328: CQPAUSEEN REZISET ....c.ceouieuiiriiiniiiiiniecie ettt sttt saee s 233
Table 329: CQPAUSEEN Register BitS.........ccceoieiiiiiiiiiieiie et e 233
Table 330: CQCURIDX REZISIET .....cuvveeirieeiiieeirieeieeeeieeeieeeeeteeeeeieeeseteeesaveeesraeeessseeessaeanns 234
Table 331: CQCURIDX RegiSter Bits........ccucoiiririiniiiieiciecie sttt 235
Table 332: CQENDIDX REZISIET ....c..eevuieeiiiiiieiieeiie ettt eetteeeteee et svaeeereeeeeesaessaesebeeneeas 235
Table 333: CQENDIDX RegiSter Bits........cccveeiiiieiiiieiiiie et 235
Table 334: STATUS ReEZISTET....ccciiiiieeiie ettt ettt ettt e et e s eebeeneeas 236
Table 335: STATUS RegIStEr BIts .....cccuveiiieiiieiieciie ettt et 236
Table 336: MSPICFG ReEZISIET ... ...cccuiiieiiieeieieeieeeciieeeeiieeeeieeeseteeestaeeesaaeeesaaeeesaeensaeesnsaeenns 236
Table 337: MSPICFG RegiSter BitS ........cccuieiuiiiiiiiie ettt 237
Table 338: BLECFG REZISLET.....c..ccoiiieeiieiiieiieeiieeiie ettt ettt saeestaeeaee e e e e seeenaeenees 238
Table 339: BLECFG RegISter Bits ......ccceiieiiieiesiieiieieeeiee ettt 238
Table 340: PWRCMD REEISTOI .....cccvieiiieiiieeiiieiiesiie ettt ettt ettt ebae e e 240
Table 341: PWRCMD Register BitS.........cccieiviiiiiieiiiiiiiiieie ettt s 240
Table 342: BSTATUS REZISTET ....uvieiiiieeiiieeeie et ee ettt eee e ete e e seteeesebeeesaaeeessaeeessaeessaeenns 240
Table 343: BSTATUS RegISter BitS......c.cccciiiriieiieiiieiieiieie et st 241
Table 344: BLEDBG REZISTET ......uviiiiiiieiiieeiiieeiteeciieeeeie et eeete e et eesateeeseveeesaaeessaaeeesaeenns 242
Table 345: BLEDBG Register BIts ......c..cociiiiiiiieiie et 242
Table 346: Command Queue EXample..........cccoevieiiiiiiiiiiiie et 251
Table 347: CQELAGS ...ttt ettt sttt et ettt e e et enaeenae s 252
Table 348: MSPIO Pin Muxing (Single, Dual or Quad) .........cccceeviiiiniinieiieiiieie e 255
Table 349: MSPI1 Pin Muxing (Single, Dual, Quad or Octal)..........cccocueecieriinniienieeieene. 255
Table 350: MSPI2 Pin Muxing (Single, Dual or Quad) .......ccccccovveviiieniiieeieeecieeeie e 256
Table 351: Required Settings for Typical Configurations.............ccecevveereeviercnienenncneenean 257
Table 352: PADCFG DeSCIIPHION.......cccuiiiiieiiestie ettt eetie et esee et sate e eseeensaessaeenseanneas 257
Table 353: MSPI REZISTET MAP ....uoiiiiiiieiiiieciie ettt ettt e ae e eene 260
Table 354: CTRL REEISET.....cccutiiiiiiieieie ettt ettt ettt st e e seaeenteenneeenees 263
Table 355: CTRL Re@ISter BItS ......cccueiiiiiiiiiieiie ettt ettt st s 263
Table 356: CFG REZISLET ....cccuuiieiieieciieeecie ettt ettt ettt e seaeae e aeeeneee e 264
Table 357: CFG RegIStr BItS.....cccuiiiiieiiiiiiiiietie ettt et et 265
Table 358: ADDR REEISEI.....cc.ciiiieitieeiieeieietietie ettt eette e esr e e s aessaessaeesseesaessaeseseanseas 266
Table 359: ADDR RegiSter BitS .......cccuvieiiiieiiieeiiieceieeie ettt 266
Table 360: INSTR REZISLET ....c..eeiiiiiieiiie ettt sttt e e s 266
Table 361: INSTR Re@ISter BitS......cc.coiiiiiiiiiiieiieeiie ettt e 266
Table 362: TXFIFO REZISTEI .. ..ccuuiiiitieieiieeeiie ettt ettt teeree e et eeeae e e seae e e saaeeeense e e e 267
Table 363: TXFIFO REGIStEr BiLS ......cevuieiiieiiiiiieeiie ettt et 267
Table 364: RXFIFO REZISIET........ueiiitieiiiie ettt sttt seae e saae e e saae e e 267
Table 365: RXFIFO RegiSter BitS ......cccueiiiiiiiiiieiie et e 268
Table 366: TXENTRIES REZISLET ......cccieiiieiiiiiiieeiie ettt ettt snae e e 268
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Table 367: TXENTRIES RegiSter BitS.........cccceiieiiiiiiiieiieie ettt s 268
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Table 1486:
Table 1487:
Table 1488:
Table 1489:
Table 1490:
Table 1491:
Table 1492:
Table 1493:
Table 1494:
Table 1495:
Table 1496:
Table 1497:
Table 1498:
Table 1499:
Table 1500:
Table 1501:
Table 1502:
Table 1503:
Table 1504:
Table 1505:
Table 1506:
Table 1507:
Table 1508:
Table 1509:
Table 1510:
Table 1511:
Table 1512:
Table 1513:
Table 1514:
Table 1515:

CUST AUTH W18 Register Bits

CUST AUTH W19 Register........

CUST _AUTH_ W19 Register Bits

CUST AUTH W20 Register........

CUST AUTH_W20 Register Bits

CUST _AUTH W21 Register........

CUST _AUTH_W?21 Register Bits

CUST AUTH_W22 Register........

CUST _AUTH_W22 Register Bits

CUST AUTH W23 Register........

CUST AUTH_W23 Register Bits

CUST _AUTH_ W24 Register........

CUST AUTH_ W24 Register Bits

CUST_AUTH_W25 Register........

CUST_AUTH_W25 Register Bits

CUST AUTH W26 Register........

CUST AUTH_W26 Register Bits

CUST _AUTH_ W27 Register........

CUST AUTH W27 Register Bits

CUST_AUTH_W28 Register........

CUST AUTH_ W28 Register Bits

CUST AUTH W29 Register........

CUST _AUTH_W?29 Register Bits

CUST AUTH_ W30 Register........

CUST_AUTH_W30 Register Bits

CUST _AUTH_ W31 Register........

CUST AUTH_ W31 Register Bits

CUST PUBKEY WO Register.....
CUST PUBKEY_ WO Register Bits
CUST PUBKEY WI Register.....
CUST PUBKEY W1 Register Bits
CUST PUBKEY_ W2 Register.....
CUST PUBKEY W2 Register Bits
CUST _PUBKEY_ W3 Register.....
CUST PUBKEY_ W3 Register Bits
CUST PUBKEY_ W4 Register.....
CUST PUBKEY W4 Register Bits
CUST PUBKEY_ WS Register.....
CUST PUBKEY_WS5 Register Bits
CUST PUBKEY_ W6 Register.....
CUST PUBKEY_ W6 Register Bits
CUST PUBKEY_ W7 Register.....
CUST PUBKEY W7 Register Bits
CUST PUBKEY_ WS Register.....
CUST PUBKEY_ W8 Register Bits
CUST PUBKEY_ W9 Register.....
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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:
Table 1531:
Table 1532:
Table 1533:
Table 1534:
Table 1535:
Table 1536:
Table 1537:
Table 1538:
Table 1539:
Table 1540:
Table 1541:
Table 1542:
Table 1543:
Table 1544:
Table 1545:
Table 1546:
Table 1547:
Table 1548:
Table 1549:
Table 1550:
Table 1551:
Table 1552:
Table 1553:
Table 1554:
Table 1555:
Table 1556:
Table 1557:
Table 1558:
Table 1559:
Table 1560:
Table 1561:

CUST PUBKEY W9 Register Bits

CUST PUBKEY W10 Register
CUST PUBKEY W10 Register
CUST PUBKEY_ W11 Register
CUST PUBKEY W11 Register
CUST PUBKEY W12 Register
CUST PUBKEY_ W12 Register
CUST PUBKEY W13 Register
CUST PUBKEY W13 Register
CUST PUBKEY_ W14 Register
CUST PUBKEY W14 Register
CUST PUBKEY W15 Register
CUST PUBKEY W15 Register
CUST PUBKEY W16 Register
CUST PUBKEY_ W16 Register
CUST PUBKEY W17 Register
CUST PUBKEY W17 Register
CUST PUBKEY_ W18 Register
CUST PUBKEY W18 Register
CUST PUBKEY W19 Register
CUST PUBKEY_ W19 Register
CUST PUBKEY W20 Register
CUST PUBKEY W20 Register
CUST PUBKEY_ W21 Register
CUST PUBKEY W21 Register
CUST PUBKEY W22 Register
CUST PUBKEY_ W22 Register
CUST PUBKEY W23 Register
CUST PUBKEY W23 Register
CUST PUBKEY_ W24 Register
CUST PUBKEY W24 Register
CUST PUBKEY_ W25 Register
CUST PUBKEY W25 Register
CUST PUBKEY W26 Register
CUST PUBKEY_ W26 Register
CUST PUBKEY W27 Register
CUST PUBKEY W27 Register
CUST PUBKEY_ W28 Register
CUST PUBKEY W28 Register
CUST PUBKEY_ W29 Register
CUST PUBKEY_ W29 Register
CUST PUBKEY W30 Register
CUST PUBKEY W30 Register
CUST PUBKEY_ W31 Register
CUST PUBKEY W31 Register
CUST PUBKEY W32 Register

................................................................. 988
....................................................................... 989
BitS oo 989
....................................................................... 989
BitS oo 989
....................................................................... 990
BitS oo 990
....................................................................... 990
BitS oo 990
....................................................................... 991
BItS oo 991
....................................................................... 991
BitS o 991
....................................................................... 992
BitS oo 992
....................................................................... 992
BiItS oo 992
....................................................................... 993
BitS oo 993
....................................................................... 993
BitS oo 993
....................................................................... 994
BitS oo 994
....................................................................... 994
BatS o 994
....................................................................... 995
BitS oo 995
....................................................................... 995
BiItS oo 995
....................................................................... 996
BiItS oo 996
....................................................................... 996
BitS oo 996
....................................................................... 997
BitS oo 997
....................................................................... 997
BitS oo 997
....................................................................... 998
BitS oo 998
....................................................................... 998
BitS oo 998
....................................................................... 999
BitS oo 999
....................................................................... 999
BitS oo 999
..................................................................... 1000
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Table 1562:
Table 1563:
Table 1564:
Table 1565:
Table 1566:
Table 1567:
Table 1568:
Table 1569:
Table 1570:
Table 1571:
Table 1572:
Table 1573:
Table 1574:
Table 1575:
Table 1576:
Table 1577:
Table 1578:
Table 1579:
Table 1580:
Table 1581:
Table 1582:
Table 1583:
Table 1584:
Table 1585:
Table 1586:
Table 1587:
Table 1588:
Table 1589:
Table 1590:
Table 1591:
Table 1592:
Table 1593:
Table 1594:
Table 1595:
Table 1596:
Table 1597:
Table 1598:
Table 1599:
Table 1600:
Table 1601:
Table 1602:
Table 1603:
Table 1604:
Table 1605:
Table 1606:
Table 1607:

CUST PUBKEY_ W32 Register
CUST PUBKEY W33 Register
CUST PUBKEY W33 Register
CUST PUBKEY_ W34 Register
CUST PUBKEY W34 Register
CUST PUBKEY_ W35 Register
CUST PUBKEY_ W35 Register
CUST PUBKEY W36 Register
CUST PUBKEY_ W36 Register
CUST PUBKEY W37 Register
CUST PUBKEY W37 Register
CUST PUBKEY W38 Register
CUST PUBKEY W38 Register
CUST PUBKEY W39 Register
CUST PUBKEY_ W39 Register
CUST PUBKEY W40 Register
CUST PUBKEY W40 Register
CUST PUBKEY_ W41 Register
CUST PUBKEY W41 Register
CUST PUBKEY W42 Register
CUST PUBKEY_ W42 Register
CUST PUBKEY W43 Register
CUST PUBKEY W43 Register
CUST PUBKEY_ W44 Register
CUST PUBKEY W44 Register
CUST PUBKEY W45 Register
CUST PUBKEY_ W45 Register
CUST PUBKEY W46 Register
CUST PUBKEY W46 Register
CUST PUBKEY_ W47 Register
CUST PUBKEY W47 Register
CUST PUBKEY W48 Register
CUST PUBKEY W48 Register
CUST PUBKEY W49 Register
CUST PUBKEY_ W49 Register
CUST PUBKEY W50 Register
CUST PUBKEY W50 Register
CUST PUBKEY_ W51 Register
CUST PUBKEY W51 Register
CUST PUBKEY_ W52 Register
CUST PUBKEY_ W52 Register
CUST PUBKEY_ WS53 Register
CUST PUBKEY W53 Register
CUST PUBKEY_ W54 Register
CUST PUBKEY W54 Register
CUST PUBKEY_ WS5S5 Register

BItS e 1000
..................................................................... 1000
BItS oo 1000
..................................................................... 1001
BItS ceeeeece 1001
..................................................................... 1001
BItS o 1001
..................................................................... 1002
BItS oo 1002
..................................................................... 1002
BItS e 1002
..................................................................... 1003
BItS oo 1003
..................................................................... 1003
BItS .o 1003
..................................................................... 1004
BItS o 1004
..................................................................... 1004
BItS oo 1004
..................................................................... 1005
BItS e 1005
..................................................................... 1005
BItS oo 1005
..................................................................... 1006
BItS ceeecece 1006
..................................................................... 1006
BItS e 1006
..................................................................... 1007
BItS oo 1007
..................................................................... 1007
BItS ceeeeiece 1007
..................................................................... 1008
BItS e 1008
..................................................................... 1008
BItS .o 1008
..................................................................... 1009
BItS e 1009
..................................................................... 1009
BItS oo 1009
..................................................................... 1010
BItS o 1010
..................................................................... 1010
BItS oo 1010
..................................................................... 1011
BItS ceeeeece 1011
..................................................................... 1011
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Table 1608:
Table 1609:
Table 1610:
Table 1611:
Table 1612:
Table 1613:
Table 1614:
Table 1615:
Table 1616:
Table 1617:
Table 1618:
Table 1619:
Table 1620:
Table 1621:
Table 1622:
Table 1623:
Table 1624:
Table 1625:
Table 1626:
Table 1627:
Table 1628:
Table 1629:
Table 1630:
Table 1631:
Table 1632:
Table 1633:
Table 1634:
Table 1635:
Table 1636:
Table 1637:
Table 1638:
Table 1639:
Table 1640:
Table 1641:
Table 1642:
Table 1643:
Table 1644:

CUST PUBKEY WS5S5 Register Bits ...........
CUST PUBKEY_ W56 Register...................
CUST PUBKEY_ W56 Register Bits ...........
CUST PUBKEY W57 Register...................
CUST PUBKEY W57 Register Bits ...........
CUST PUBKEY_ WS58 Register...................
CUST PUBKEY WS58 Register Bits ...........
CUST PUBKEY W59 Register...................
CUST PUBKEY_ W59 Register Bits ...........
CUST PUBKEY W60 Register...................
CUST PUBKEY W60 Register Bits ...........
CUST PUBKEY_ W61 Register...................
CUST PUBKEY W61 Register Bits ...........
CUST PUBKEY_ W62 Register...................
CUST PUBKEY_ W62 Register Bits ...........
CUST PUBKEY_ W63 Register...................
CUST PUBKEY_ W63 Register Bits ...........
CUSTOMER _KEYO Register..........cccueeu...e.
CUSTOMER _KEYO Register Bits ...............
CUSTOMER _KEYT1 Register........cccccueenene.
CUSTOMER KEY1 Register Bits ...............
CUSTOMER _KEY?2 Register......................
CUSTOMER KEY2 Register Bits ...............
CUSTOMER KEY3 Register..........cccuenn....
CUSTOMER _KEY3 Register Bits ...............
CUST PUBHASH WO Register ..................
CUST PUBHASH WO Register Bits...........
CUST PUBHASH WI Register ..................
CUST PUBHASH W1 Register Bits...........
CUST PUBHASH W2 Register ..................
CUST PUBHASH W2 Register Bits...........
CUST PUBHASH_ W3 Register ..................
CUST PUBHASH W3 Register Bits...........
CUSTID RegISter ......eevveeiieeeiieiieeieesiie e
CUSTID Register Bits.........cccceecveeevencriennnns
Ordering Information............cccccveevvveenveennnn.
Document Revision List .........ccccceceeeeiennnnne.
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1. Apollo3 Blue Plus SoC Package Pins

1.1 Pin Configuration

2

7

=
o
=
[

12

C VDDBH_SW/| VDDB

D VDDBH

OOOOOOOOE |
OOOOOOLOOO

OOOOOOOO® |
OOOOOOOOO |
OOOOOOOOO |

GPIO38

OOOOOOOOO

OOOOOOOOW
OOOOOOOOO® |

GPl028 GPlO04

GPIO60

GPIO06

GPIO09

GPIO08

GPIO58

GPlO64

GPIO69

GPlO68 GPlO66

GPlO46 GPlO48 GPl049

GPlO44 GPlO40

Figure 1. Apollo3 Blue Plus SoC BGA Pin Configuration Diagram - Top View
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1.2 Pin Connections

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

Table 1: Pin List and Function Table

BGA GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | Number | Number
POWER
B1 - - VDDP VDD Supply for SIMO Buck Converter Power
Cc2 - - VDDB VDD Supply for BLE/Burst Buck Converter Power
F6 - - VDDH VDD Supply for /O Pads Power
C3 - - VDDA Analog Voltage Supply Power
G2 - - VCC RF Voltage Supply Power
D3 - - VDDS High Voltage Digital Supply Power
H1 - - VDCDCRF RF Voltage Supply Power
B2 - - VSSP Ground Connection for SIMO Buck Converter Ground
C4 - - VSSA Ground for Analog Supply Ground
D2 - - VSSB Ground Connection for BLE/Burst Buck Converter Ground
F5 - - VSS Ground for Digital Ground
J3 - - VSSBA Ground for BLE Analog Supply Ground
G1 - - VSSVCO Ground for BLE VCO Supply Ground
H2 - - VSSS Ground for BLE RF Supply Ground
A6 - - ADCVREF Analog to Digital Converter Reference Voltage Analog
F1 - - DVDD Decoupling Cap for BLE digital supply Power
BUCK
A3 - - VDDC SIMO Buck Converter Voltage Core Output Supply Power
B3 } } VDDF SIMO Buck Converter Voltage Flash/Memory Out- Power
put Supply
A1 - - SIMOBUCK_SW SIMO Buck Converter Inductor Switch Output Power
A2 - - SIMO- SIMO Buck Converter Inductor Switch Input Power
BUCK_SWSEL
C1 - - VDDBH_SW BLE/Burst Buck Converter Inductor Switch Power
D1 - - VDDBH BLE/Burst Buck Converter Voltage Output Supply Power
OSCILLATOR
A4 - - X0 32.768 kHz Crystal Output XT
B4 - - XI 32.768 kHz Crystal Input XT
E2 - - X0O32MM 32 MHz Crystal Input XT
E1 - - XO32MP 32 MHz Crystal Output XT
RESET
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Table 1: Pin List and Function Table

BGA GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | Number | Number
Input/
G7 - - RSTN External Reset Input Output
RF
J2 - - RFIOM RF 1/0 Negative Analog
NN - - RFIOP RF 1/0 Positive Analog
H3 - - TXEN Transmitter Enable Output
GPIO
0 SLsCL 12C Slave Clock Input
1 SLSCK SPI Slave Clock Input
2 CLKOUT Programmable Output Clock Qutput
Input/
3 GPIO00 General Purpose I/0 Output
G4 0
4 RSV Reserved
5 RSV Reserved
6 RSV Reserved
10 Master N Chip Select 0
7 NCEO See NCE Encoding Table in GPIO Chapter Output
Bidirec-
0 SLSDAWIR3 | IC Slave 1/0 Data tional
SPI Master 3 3 Wire Data Open
Drain
1 SLMOSI SPI Slave Input Data Input
2 UARTOTX UARTO Transmit Output
H4 1 3 GPIO01 General Purpose I/0 Input/
Output
4 RSV Reserved Input
5 SRV Reserved
6 RSV Reserved
10 Master N Chip Select 1
7 NCE1 See NCE Encoding Table in GPIO Chapter Output
0 UART1RX UART1 Receive Input
1 SLMISO SPI Slave Output Data Output
2 UARTORX UARTO Receive Input
Input/
3 GPIO02 General Purpose /0 Output
J4 2
4 RSV Reserved
5 RSV Reserved
6 RSV Reserved
10 Master N Chip Select 2
7 NCE2 See NCE Encoding Table in GPIO Chapter Output
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Table 1: Pin List and Function Table

BGA GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | 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/
G3 3 3 GPIO03 General Purpose I/0 Output
4 RSV Reserved
5 RSV Reserved
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 I/0 Output
Al 4 4 RSV Reserved
5 UART1RX UART1 Receive Input
Timer/Counter Interface Signal 17
6 CT17 See “Implementing Counter/Timer Connections” on | Output
page 394.
MSPI Master 0 Interface Signal 2 Input/
7 MSPI0_2 See “MSPI Connection” on page 393. Output
Open
0 MOSCL [2C Master 0 Clock Drain
OQutput
1 MOSCK SPI Master 0 Clock Output
2 UAORTS UARTO Request To Send (RTS) Output
3 GPIO05 General Purpose I/0 Input/
Output
D8 5
4 RSV Reserved
5 RSV Reserved
6 RSV Reserved
Timer/Counter Interface Signal 8
7 CT8 See “Implementing Counter/Timer Connections” on | Output
page 438.
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Table 1: Pin List and Function Table

BGA GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | Number | Number
) Bidirec-
0 MOSDAWIR3 1“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/
co 6 3 GPIO06 General Purpose I/0 Output
4 RSV Reserved
Timer/Counter Interface Signal 10
5 CT10 See “Implementing Counter/Timer Connections” on | Output
page 394.
6 RSV Reserved
7 12SDAT 12S Data Qutput
10 Master N Chip Select 7
0 NCE7 See NCE Encoding Table in GPIO Chapter Output
1 MOMOSI SPI Master 0 Output Data Qutput
2 CLKOUT Programmable Output Clock Output
Input/
3 GPIO07 General Purpose I/O Output
c8 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 438.
Open
0 M1SCL I2C Master 1 Clock Drain
Qutput
1 M1SCK SPI Master 1 Clock Output
10 Master N Chip Select 8
2 NCE8 See NCE Encoding Table in GPIO Chapter Output
E10 8 3 GPIO08 General Purpose 1/0 g‘p”t’
utput
4 SCCCLK Secure Card Controller Clock QOutput
5 RSV Reserved
6 UART1TX UART1 Transmit Output
7 RSV Reserved
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Table 1: Pin List and Function Table

BGA GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | Number | Number
Bidirec-
0 M1SDAWIRS | 12C 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 NCES See NCE Encoding Table in GPIO Chapter Output
D9 9 Input/
3 GPIO09 General Purpose I/0 Output
4 scclo Secure Card Controller /0 Input/
Qutput
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/
F10 10 3 GPIO10 General Purpose I/0 Output
4 PDMCLK PDM Clock Output Output
5 UA1TRTS 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
! NCE™ See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 31
2 CT31 See “Implementing Counter/Timer Connections” on | Output
page 394.
BS M 3 GPIO11 General Purpose /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
DS-A3P-1p3p0 Page 56 of 1037 ©2022 Ambiq Micro, Inc.

All rights reserved.



Apollo3 Blue Plus SoC Datasheet

Table 1: Pin List and Function Table

B(:;A (eIl A Pad Function Ml n
Pin Pad n Select Name Description Pin Type
Number | Number | Number
0 ADCDONSE9 éir:]egloe%EtngDeigilt;I)ﬁ%nverter Differential N Input 0 / Input
1 NCE12 gegﬂssctggnggéri)ng?l!:;lt;ii GPIO Chapter Output
Timer/Counter Interface Signal 0
2 CTO See “Implementing Counter/Timer Connections” on | Output
page 438.
A7 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
0 ADCDOPSES éir:]aglc;g_Etﬁdlgigiltgrl)li%nveder Differential P Input 0 / Input
1 NCE13 ISoegI ;ggrgngﬁé?ng?ll':glteﬁ GPIO Chapter Output
Timer/Counter Interface Signal 2
2 CT2 See “Implementing Counter/Timer Connections” on | Output
page 438.
B7 13 Input/
3 GPIO13 General Purpose I/0 Output
4 12SBCLK 128 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
1 NCE14 lSer/I I?J%Ergnggcil‘i)nge‘ll':glte1i‘r‘1 GPIO Chapter Output
2 UART1TX UART1 Transmit Output
c7 14 3 GPIO14 General Purpose /0 (Ijnu'i;gt
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

B(:;A (eIl A Pad Function Ml n
Pin Pad n Select Name Description Pin Type
Number | Number | Number
0 ADCD1N Analog to Digital Converter Differential N Input 1 Input
L NCE15 gysggrgnggé?ngi:g}eﬁ GPIO Chapter Output
2 UART1RX UART1 Receive Input
3 GPIO15 General Purpose I/0 g‘u’i:gt
C6 15
4 PDMDATA PDM Data Input
5 RSV Reserved
Bidirec-
6 SWDIO Serial Wire Debug I/0 tional 3-
state
7 SWO Serial Wire Debug Output Output
0 ADCSEO Analog to Digital Converter Single-Ended Input 0 Input
1 NCE16 IS%QA sggé\‘ngohé[i)nggll':glteﬁ GPIO Chapter Output
2 TRIGO ADC Trigger Input 0 Input
F3 16 3 GPIO16 General Purpose I/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 IS%?:I?Z‘E?;S;;?@?Z&L% GPIO Chapter Output
2 TRIG1 ADC Trigger Input 1 Input
E3 17 3 GPIO17 General Purpose I/0 énu‘::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%‘iré'nfﬁ?ngiiﬁfeﬁ GPIO Chapter Output
Timer/Counter Interface Signal 4
2 CT4 See “Implementing Counter/Timer Connections” on | Output
page 394.
D4 18 3 GPIO18 General Purpose /0 (I)nput/
utput
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

B(:;A (eIl A Pad Function Ml n
Pin Pad n Select Name Description Pin Type
Number | Number | Number
0 CMPRFO Comparator Reference 0 Input
1 NCE19 gysggrgnggé?ngi:g}eﬁ GPIO Chapter Output
Timer/Counter Interface Signal 6
2 CT6 See “Implementing Counter/Timer Connections” on | Output
page 394.
F2 19 3 GPIO19 General Purpose I/0 (!)nu’i:gt
4 SCCIO Secure Card Controller 1/0 (IJnu'i;gt
5 RSV Reserved
6 UART1RX UART1 Receive Input
7 12SBCLK 128 Bit Clock Input
0 SWDCK Software Debug Clock Input
1 NCE20 ISOeQ/I Elggrgngg(;?ng?ll':tfltezﬁ GPIO Chapter Output
2 RSV Reserved
F8 20 3 GPI020 General Purpose I/0 (_!)nuq;gt
4 UARTOTX UARTO Transmit Output
5 UART1TX UART1 Transmit Output
6 12SBCLK 128 Bit Clock Input
7 UA1TRTS UART1 Request To Send (RTS) Output
Bidirec-
0 SWDIO Software Data I/0 tional
3-state
1 NCE21 IS%QA :lgzré\lng]cii?ng?ll'aegltezil GPIO Chapter Output
2 RSV Reserved Output
F7 21 3 GPIO21 General Purpose /O Cl)nu‘::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 GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | 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 438.
B10 22 3 GPIO22 General Purpose 1/0 Input/
Output
4 PDMCLK PDM Output Clock Output
5 RSV Reserved
MSPI Master 0 Interface Signal 0 Input/
6 MSPI0_0 See “MSPI Connection” on page 393. 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 394.
A12 23 3 GPI023 General Purpose I/0 (I)nput/
utput
4 12SWCLK 12S Word Clock Input
5 CMPOUT Voltage Comparator Output Output
6 MSPIO_3 MSP‘! Master 0 Inter_fac:—z Signal 3 Input/
See “MSPI Connection” on page 393. 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 MSPIO 8 MSPI Master 0 Interface Signal 8 Input/
- See “MSPI Connection” on page 393. Output
3 GPI024 General Purpose /0 g“i“t’t
B9 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 394.
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 GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | 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 394.
3 GPIO25 General Purpose I/0 én’im/t
A8 25 utpu
Bidirec-
4 M2SDAWIR3 12C Master 2 1/0 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 394.
A10 26 3 GPIO26 General Purpose I/0 g‘p“t/
utput
4 SCCRST Secure Card Controller Reset Output
5 MSPIO 1 MSPI Master 0 Interface Signal 1 Input/
- See “MSPI Connection” on page 393. 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 438.
B8 27 3 GPIO27 General Purpose I/0 Input/
Output
4 M2SCL I2C 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 GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | 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 394.
A9 28 3 GPIO28 General Purpose I/0 Input/
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
1 NCE29 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 9
2 CT9 See “Implementing Counter/Timer Connections” on | Output
page 394.
A5 29 Input/
3 GPI1029 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
! NCE30 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 11
2 CT11 See “Implementing Counter/Timer Connections” on | Output
page 394.
F4 30 3 GPIO30 General Purpose /O Input/
Output
4 UARTOTX UARTO Transmit Output
5 UA1TRTS UART1 Request To Send (RTS) Output
6 BLEIF_SCK BLE Interface SCK Observation Output
7 I12SDAT 12S Data Output Output
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Table 1: Pin List and Function Table

BGA GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | 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 394.
D5 31 3 GPIO31 General Purpose I/0 Input/
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
1 NCE32 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 15
2 CT15 See “Implementing Counter/Timer Connections” on | Output
page 394.
Input/
B6 32 3 GPIO32 General Purpose I/0 Output
4 scclo Secure Card Controller /0 Input/
Output
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 /O Output
C5 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 394.
7 SWO Serial Wire Debug Output SWO
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Table 1: Pin List and Function Table

B(:;A (eIl A Pad Function Ml n
Pin Pad n Select Name Description Pin Type
Number | Number | Number
0 ADCSE6 Analog to Digital Converter Single-Ended Input 6 Input
L NCE34 IS%QA sggrgnggé?ng?ll:glt:ﬁ GPIO Chapter Output
2 UA1TRTS UART1 Request To Send (RTS) Output
D6 34 3 GPIO34 General Purpose I/0 g‘u’i:gt
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
1 NCE35 ISOeg/I Ié\]lgggnggfns?ll':glt:ii GPIO Chapter Output
2 UART1TX UART1 Transmit Output
3 GPIO35 General Purpose I/0 Cl)nu’i:ltJ/t
E4 35
4 I12SDAT 12S Data Output
Timer/Counter Interface Signal 27
5 CT27 See “Implementing Counter/Timer Connections” on | Output
page 438.
6 UAORTS UARTO Request To Send (RTS) Output
7 BLEIF_STATUS BLE Interface STATUS Observation Output
0 TRIG1 ADC Trigger Input 1 Input
L NCE36 ISoeg/I :lgzrgngs(ifi)ng?ll'aeglte?ﬁ GPIO Chapter Output
2 UART1RX UART1 Receive Input
8 6 3 GPIO36 General Purpose I/0 C')”u‘::gt
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
! NCEs7 S0 ﬁ%‘i’gnfﬁ?nﬁiﬁffﬁ GPIO Chapter Output
2 UAORTS UARTO Request To Send (RTS) Output
3 GPIO37 General Purpose 1/0 (')”u‘:;gt
59 ¥ 4 SCCIO Secure Card Controller /0 (IDnu‘i;gt
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 438.
DS-A3P-1p3p0 Page 64 of 1037 ©2022 Ambiq Micro, Inc.

All rights reserved.



Apollo3 Blue Plus SoC Datasheet

Table 1: Pin List and Function Table

B(:;A (eIl A Pad Function Ml n
Pin Pad n Select Name Description Pin Type
Number | Number | Number
0 TRIG3 ADC Trigger Input 3 Input
L NCE38 IS%QA sztgréﬂngg‘;?nggll:glt:ﬁ GPIO Chapter Output
2 UAOCTS UARTO Clear To Send (CTS) Input
37 38 3 GPIO38 General Purpose I/0 g‘u’:;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 394.
m 39 3 GPIO39 General Purpose I/0 é"u’::gt
4 M4SCL I2C 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 GPIO40 General Purpose I/0 énuF::L/t
J12 40 Bidirec-
S e Pt O
Drain
5 M4MISO SPI Master 4 Data Input Input
6 RSV Reserved
7 RSV Reserved
0 NCE41 Soo. sggrgnggc;?ns?llzglt:ﬂn GPIO Chapter Output
1 BLEIF_IRQ BLE Interface IRQ Observation Output
2 SWO Serial Wire Debug Output QOutput
D7 41 3 GPIO41 General Purpose /0 (I)nuF;;gt
4 12SWCLK 12S Word Clock Input
5 UA1TRTS 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 GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | Number | Number
0 UART1TX UART1 Transmit Output
10 Master N Chip Select 42
1 NCE42 See NCE Encoding Table in GPIO Chapter Output
2 cT16 See “Implementing Counter/Timer Connections” on Output
page 438.
Input/
J9 42 3 GPIO42 General Purpose I/0 Output
4 M3SCL I2C Master 3 Clock open
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 394.
3 GPI043 General Purpose /0 é"’:”t/t
J8 43 utpu
Bidirec-
4 M3SDAWIR3 |2C 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 394.
J10 a4 3 GPIO44 General Purpose I/O (I)nputl
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 GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | Number | Number
0 UAI1CTS 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 394.
H8 45 3 GPIO45 General Purpose I/0 Input/
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 128 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 394.
H9 46 Input/
3 GPI1046 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
1 NCE47 See NCE Encoding Table in GPIO Chapter Output
Timer/Counter Interface Signal 26
2 CT26 See “Implementing Counter/Timer Connections” on | Output
page 394.
H10 4 3 GPIO47 General Purpose /O 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 GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | 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 394.
H11 48 3 GPIO48 General Purpose 1/0 Input/
Output
4 M5SCL I2C Master 5 Clock Sl
aster oc 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 394.
3 GPIO49 General Purpose 1/0 (')”F;””t
H12 49 utpu
Bidirec-
4 M5SDAWIRS | 12C Master 5 1/0 Data tional
SPI Master 5 3 Wire Data Open
Drain
5 M5MISO SPI Master 5 Input Data Input
6 RSV Reserved
7 RSV Reserved
0 SWO Serial Wire Debug Output
1 NCE50 10 Master N Chip Select 50 Output
2 CTO Timer/counter 0 Output
3 GPIO50 General purpose /0 110
J6 50
4 UARTOTX UARTO transmit output Output
5 UARTORX UARTO receive input Input
6 UART1TX UART1 transmit output Output
7 UART1RX UART1 receive input Input
0 MSPI1_0 MSPI Master 1 Interface Signal 110
1 NCE51 10 Master N Chip Select 51 Output
2 CT1 Timer/counter 1 Output
3 GPIO51 General purpose /O 110
B11 51
4 RSV Reserved
5 RSV Reserved
6 RSV Reserved
7 RSV Reserved
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Table 1: Pin List and Function Table

BGA GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | Number | Number

0 MSPI1_1 MSPI Master 1 Interface Signal 110

1 NCE52 10 Master N Chip Select 52 Output

2 CT2 Timer/counter 2 Output

3 GPIO52 General purpose /0 110
B12 52

4 RSV Reserved

5 RSV Reserved

6 RSV Reserved

7 RSV Reserved

0 MSPI1_2 MSPI Master 1 Interface Signal /0

1 NCE53 10 Master N Chip Select 53 Output

2 CT3 Timer/counter 3 Output

3 GPIO53 General purpose /O 110
D10 53

4 RSV Reserved

5 RSV Reserved

6 RSV Reserved

7 RSV Reserved

0 MSPI1_3 MSPI Master 1 Interface Signal /0

1 NCE54 10 Master N Chip Select 54 Output

2 CT4 Timer/counter 4 Output

3 GPIO54 General purpose /0 110
c10 54

4 RSV Reserved

5 RSV Reserved

6 RSV Reserved

7 RSV Reserved

0 MSPI1_4 MSPI Master 1 Interface Signal /0

1 NCE55 10 Master N Chip Select 55 Output

2 CT5 Timer/counter 5 Output

3 GPIO55 General purpose /O 1’0
E11 55

4 RSV Reserved

5 RSV Reserved

6 RSV Reserved

7 RSV Reserved
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Table 1: Pin List and Function Table

BGA GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | Number | Number

0 MSPI1_5 MSPI Master 1 Interface Signal 110

1 NCE56 10 Master N Chip Select 56 Output

2 CT6 Timer/counter 6 Output

3 GPIO56 General purpose /0 110
D11 56

4 RSV Reserved

5 RSV Reserved

6 RSV Reserved

7 RSV Reserved

0 MSPI1_6 MSPI Master 1 Interface Signal 110

1 NCE57 10 Master N Chip Select 57 Output

2 CT7 Timer/counter 7 Output

3 GPIO57 General purpose /O 110
C1 57

4 RSV Reserved

5 RSV Reserved

6 RSV Reserved

7 RSV Reserved

0 MSPI1_7 MSPI Master 1 Interface Signal /0

1 NCE58 10 Master N Chip Select 58 Output

2 CT8 Timer/counter 8 Output

3 GPIO58 General purpose /0 110
E12 58

4 RSV Reserved

5 RSV Reserved

6 RSV Reserved

7 RSV Reserved

0 MSPI1_8 MSPI Master 1 Interface Signal /0

1 NCE59 10 Master N Chip Select 59 Output

2 CT9 Timer/counter 9 Output

3 GPIO59 General purpose /O 1’0
D12 59

4 RSV Reserved

5 RSV Reserved

6 RSV Reserved

7 RSV Reserved
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Table 1: Pin List and Function Table

BGA GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | Number | Number
0 MSPI1_9 MSPI Master 2 Interface Signal 110
1 NCE60 10 Master N Chip Select 60 Output
2 CT10 Timer/counter 10 Output
3 GPIO60 General purpose /0 110
c12 60
4 RSV Reserved
5 RSV Reserved
6 RSV Reserved
7 RSV Reserved
0 SWO Serial Wire Debug Output
1 NCE61 10 Master N Chip Select 61 Output
2 CT11 Timer/counter 11 Output
3 GPIO61 General purpose /O 110
H6 61
4 UARTOTX UARTO transmit output Output
5 UARTORX UARTO receive input Input
6 UART1TX UART1 transmit output Output
7 UART1RX UART1 receive input Input
0 SWo Serial Wire Debug Output
1 NCE62 10 Master N Chip Select 62 QOutput
2 CT12 Timer/counter 12 Output
3 GPI062 General purpose /0 110
G6 62
4 UAOCTS UARTO Clear to Send (CTS) Input
5 UAORTS UARTO Request to Send (RTS) Output
6 UA1ICTS UART1 Clear to Send (CTS) input Input
7 UA1RTS UART1 Request to Send (RTS) Output
0 SWO Serial Wire Debug Output
1 NCE63 10 Master N Chip Select 63 Output
2 CT13 Timer/counter 13 Output
3 GPIO63 General purpose /O 1’0
H7 63
4 UAOCTS UARTO Clear to Send (CTS) Input
5 UAORTS UARTO Request to Send (RTS) Output
6 UAI1CTS UART1 Clear to Send (CTS) input Input
7 UA1RTS UART1 Request to Send (RTS) Output
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Table 1: Pin List and Function Table

BGA GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | Number | Number

0 MSPI2_0 MSPI Master 2 Interface Signal 110

1 NCE64 10 Master N Chip Select 64 Output

2 CT14 Timer/counter 14 Output

3 GPIO64 General purpose /0 110
F12 64

4 RSV Reserved

5 RSV Reserved

6 RSV Reserved

7 RSV Reserved

0 MSPI2_1 MSPI Master 2 Interface Signal /0

1 NCE65 10 Master N Chip Select 65 Output

2 CT15 Timer/counter 15 Output

3 GPIO65 General purpose /O 110
F11 65

4 RSV Reserved

5 RSV Reserved

6 RSV Reserved

7 RSV Reserved

0 MSPI2_2 MSPI Master 2 Interface Signal /0

1 NCE66 10 Master N Chip Select 66 QOutput

2 CT16 Timer/counter 16 Output

3 GPI066 General purpose /0 110
G12 66

4 RSV Reserved

5 RSV Reserved

6 RSV Reserved

7 RSV Reserved

0 MSPI2_3 MSPI Master 2 Interface Signal /10

1 NCEG67 10 Master N Chip Select 67 Output

2 CT17 Timer/counter 17 Output

3 GPIO67 General purpose /O 1’0
G11 67

4 RSV Reserved

5 RSV Reserved

6 RSV Reserved

7 RSV Reserved
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Table 1: Pin List and Function Table

BGA GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | Number | Number
0 MSPI2_4 MSPI Master 2 Interface Signal 110
1 NCE68 10 Master N Chip Select 68 Output
2 CT18 Timer/counter 18 Output
3 GPIO68 General purpose /0 110
G10 68
4 RSV Reserved
5 RSV Reserved
6 RSV Reserved
7 RSV Reserved
0 SWOo Serial Wire Debug Output
1 NCE69 10 Master N Chip Select 69 Output
2 CT19 Timer/counter 19 Output
3 GPIO69 General purpose /O 110
G9 69
4 UARTOTX UARTO transmit output Output
5 UARTORX UARTO receive input Input
6 UART1TX UART1 transmit output Output
7 UART1RX UART1 receive input Input
0 SWOo Serial Wire Debug Output
1 NCE70 10 Master N Chip Select 70 Output
2 CT20 Timer/counter 20 Output
3 GPIO70 General purpose /0 110
F9 70
4 UARTOTX UARTO transmit output Output
5 UARTORX UARTO receive input Input
6 UART1TX UART1 transmit output Output
7 UART1RX UART1 receive input Input
0 SWO Serial Wire Debug Output
1 NCE71 10 Master N Chip Select 71 Output
2 CT21 Timer/counter 21 Output
3 GPIOT71 General purpose I/O 1’0
J5 71
4 UARTOTX UARTO transmit output Output
5 UARTORX UARTO receive input Input
6 UART1TX UART1 transmit output Output
7 UART1RX UART1 receive input Input
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Table 1: Pin List and Function Table

BGA GPIO Functio Pad Function
Pin Pad n Select Name Description Pin Type
Number | Number | Number

0 SWO Serial Wire Debug Output
1 NCE72 10 Master N Chip Select 72 Output
2 CT22 Timer/counter 22 Output
3 GPIO72 General purpose /0 110

H5 72
4 UARTOTX UARTO transmit output Output
5 UARTORX UARTO receive input Input
6 UART1TX UART1 transmit output Output
7 UART1RX UART1 receive input Input
0 SWO Serial Wire Debug Output
1 NCE73 10 Master N Chip Select 73 Output
2 CT23 Timer/counter 23 Output
3 GPIO73 General purpose /O 110

G5 73
4 UAOCTS UARTO Clear to Send (CTS) Input
5 UAORTS UARTO Request to Send (RTS) Output
6 UA1CTS UART1 Clear to Send (CTS) input Input
7 UA1TRTS UART1 Request to Send (RTS) Output
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2. System Core
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, Peripherals
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Figure 2. Block Diagram for the Ultra-Low Power Apollo3 Blue Plus SoC

The ultra-low power Apollo3 Blue Plus SoC, shown in Figure 2, 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 Plus 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.
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The Apollo3 Blue Plus SoC provides support for higher performance operating modes through Ambiqg’s
TurboSPOT technology. The TurboSPOT technology allows applications to meet critical timing as/when
needed while still providing extremely high energy efficiency operation. The Apollo3 Blue Plus SoC also
supports secure boot using Ambiqg’s SecureSPOT technology enabling applications to establish and
maintain a root of trust from boot to execution.

At the center of the Apollo3 Blue Plus 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 2 MB Flash Memory and the 768 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 Plus 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 Plus 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 1ISO7816
compliant master controller.

The Apollo3 Blue Plus SoC also includes a set of timing peripherals and an RTC which is based on
Ambig’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 AM08XX 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 Plus SoC is supported by a complete suite of standard
software development tools. Ambig 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 Plus 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 Plus 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 Plus SoC.
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Table 2: ARM Cortex-M4 Vector Table for Apollo3 Blue Plus SoC

Exception Number IRQ Number Offset Vector Peripheral/Description
255 239 IRQ239
] ] 0x03FC Q
0x00C8 :
0x00C4 IRQ33 MSPI2
0x00CO IRQ32 MSPI1
0x00BC IRQ31 Clock Control
0X009C IRQ23-30 Stimer Compare[0:7]
0x0098 IRQ22 Stimer Capture/Overflow
IRQ21 SWINT
0x0094 IRQ20 MSPIO
0x0090
OX008C IRQ19 PDM
IRQ18 ADC
0x0088
IRQ17 SCARD
0x0084 IRQ16 UART1
0x0080
IRQ15 UARTO
0x007C )
IRQ14 Counter/Timers
0x0078
IRQ13 GPIO
0x0074
0x0070 IRQ12 BLE
0X006C IRQ11 I*C/SPI Master 5
IRQ10 I2)C/SPI Master 4
0x0068 2
IRQ9 1°C/SPI Master 3
0x0064 2
IRQ8 1°C/SPI Master 2
0x0060 2
0X005C IRQ7 1°C/SPI Master 1
0X0058 IRQ6 I>C/SPI Master 0
0x0054 IRQ5 I*C/SPI Slave Register Access
IRQ4 I°C/SPI Slave
0x0050
IRQ3 Voltage Comparator
0x004C
18 2 IRQ2 RTC
0x0048 .
17 1 0x0044 IRQ1 Watchdog Timer
16 0 IRQO Brownout Detection
0x0040 -
15 -1 0x003C Systick
14 -2 PendSV
0x0038
13 Reserved
12 Reserved for Debug
11 -5 SVcCall
0x002C
10
o Reserved
8
7
6 -10 Usage Fault
0x0018
5 -1 Bus Fault
0x0014
4 -12 Memory management Fault
0x0010
3 -13 0X000C Hard fault
2 -14 NMI Unused
0x0008
1 0x0004 Reset
Initial SP value
0x0000
DS-A3P-1p3p0 Page 78 of 1037 ©2022 Ambiq Micro, Inc.

All rights reserved.



Apollo3 Blue Plus SoC Datasheet

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.

DS-A3P-1p3p0 Page 79 of 1037 ©2022 Ambiq Micro, Inc.
All rights reserved.



Apollo3 Blue Plus SoC Datasheet

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 MSPIO
IRQ21 SWINT
IRQ22 STimer Capture/Overflow
IRQ23-30 | STimer Compare[0:7]
IRQ31 Clock Control
IRQ32 MSPI1
IRQ33 MSPI2
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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 — 0x001FFFFF! | Flash Y Flash Memory
0x00200000 - Ox01FFFFFF Reserved X No device at this address range
0x02000000 — 0xO3FFFFFF External XiP MemoryO Y External XIP Memory (MSPIO0)
0x04000000 — 0xO5FFFFFF External XiP Memory1 Y External XIP Memory (MSPI1)
0x06000000 — 0XO7FFFFFF External XiP Memory2 Y External XIP Memory (MSPI2)
0x08000000 — 0x08000FFF | 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 — 0x100BFFFF2 | SRAM (Main) Y Main SRAM
0x100C0000 — Ox3FFFFFFF Reserved X No device at this address range
0x40000000 — Ox50FFFFFF Peripheral N Peripheral devices
0x51000000 — Ox51FFFFFF Reserved X No device at this address range
0x52000000 — 0x53FFFFFF3 External Memory N Read/Write External Memory (MSPI0)
0x54000000 — OX55FFFFFF4 External Memory N Read/Write External Memory (MSPI1)
0x56000000 — 0x57FFFFFF® External Memory N Read/Write External Memory (MSPI12)
0x58000000 — OXDFFFFFFF 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 — OxFOOOOFFF Debug ROM N Debug ROM
0xF0001000 — OxFFFFFFFF Reserved X No device at this address range

A WN =

. Flash increase from 1MB to 2MB from Apollo3 Blue
. SRAM increase from 320KB to 704KB from Apollo3 Blue (total SRAM including TCM increase from 384KB to 768KB)
. Read/Write aperture through MSPIO (supported on Apollo3 BO) — note the address change from Apollo3 Blue

. Read/Write aperture through MSPI1
. Read/Write aperture through MSPI2

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 / SPI 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 MSPIO Master
0x50014400 — 0x50014FFF Reserved
0x50015000 — 0x500153FF MSPI1 Master
0x50015400 — 0x50015FFF Reserved
0x50016000 — 0x500163FF MSPI2 Master
0x50016400 — 0x5001FFFF Reserved
0x50020000 — 0x5002FFFF Flash OTP
0x50030000 — Ox50FFFFFF Reserved

3.4 Memory Protection Unit (MPU)

The Apollo3 Blue Plus 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.
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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
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 Plus 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 Plus 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 Plus 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 Plus 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 Plus SoC supports the Ambig 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
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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 Plus 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.

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
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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.

3.6.2.2 SYS Active (Sact)

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

3.6.2.3 SYS Sleep Mode 0 (Sgg)

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 (Spsq)

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.
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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:

* 768KB: Spso.768RET
* 384KB: Spso-384RET
* 256KB: Spsp.256RET
* 128KB: Spsp.128RET
* 64KB: Spgo-64RET

* 8KB:  Spso-8RET
= 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
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:

* 768KB: Sps1.768RET
* 384KB: Sps1-384RET
* 256KB: Sps1-256RET
* 128KB: Spg1-128RET
* 64KB: Sps1.64RET

* 8KB:  Sps1-8RET
= OKB: SDS1

3.6.2.7 SYS Deep Sleep Mode 2 (Sps5)

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 0-768 KB in retention depending on the software/system functional and latency requirements),
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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:

* 768KB: Sps).768RET
* 384KB: Sps2.384RET
* 256KB: Sps2.256RET
* 128KB: Sps.128RET
* 64KB: Spsoe4RET

* 8KB:  SpsogRET
- 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.

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.
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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.

3.6.3.1.1 Register Memory Map

Table 7: PWRCTRL Register Map

Address(s) 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.
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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]|38 6(5(4(3|2|1 9(8(7|6|5(4|3|2|1
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Table 13: DEVPWREN Register Bits

Bit

Name

Reset

RW

Description

31:16

RSVD

0x0

RO

RESERVED.

15

PWRBLEL

0x0

RW

Power up BLE controller

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

14

PWRPDM

0x0

RW

Power up PDM block

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

13 PWRMSPI2

0x0

RW

Power up MSPI2 Controller

EN = 0x1 - Power up MSPI2
DIS = 0x0 - Power down MSPI2

12 PWRMSPI1

0x0

RW

Power up MSPI1 Controller

EN = 0x1 - Power up MSPI1
DIS = 0x0 - Power down MSPI1

1" PWRMSPIO

0x0

RW

Power up MSPIO Controller

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

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

8 PWRUART1

0x0

RW

Power up UART Controller 1

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

7 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

DS-A3P-1p3p0

Page 93 of 1037

©2022 Ambiq Micro, Inc.
All rights reserved.




Apollo3 Blue Plus SoC Datasheet

Table 13

: DEVPWREN Register Bits

Bit

Name

Reset

RW

Description

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 |0 Master 1
DIS = 0x0 - Power down 10 Master 1

PWRIOMO

0x0

RW

Power up 10 Master 0

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

PWRIOS

0x0

RW

Power up 10 Slave

EN = 0x1 - Power up 10 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 will
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 deep sleep.

Table 14: MEMPWDINSLEEP Register
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CACHEPWDSLP

RSVD

FLASH1PWDSLP
FLASHOPWDSLP

SRAMPWDSLP

DTCMPWDSLP

Table 15: MEMPWDINSLEEP Register Bits

Bit

Name

Reset

RW

Description

31

CACHEPWD-
SLP

0x0

RW

power down cache in deep sleep

DIS = 0x0 - Retain cache in deep sleep

EN = 0x1 - Power down cache in deep sleep

DS-A3P-1p3p0

Page 94 of 1037

©2022 Ambiq Micro, Inc.
All rights reserved.




Apollo3 Blue Plus SoC Datasheet

Table 15: MEMPWDINSLEEP Register Bits

Bit

Name

Reset

RW

Description

30:15

RSVD

0x0

RO

RESERVED.

14

FLASH1PWD-
SLP

0x1

RW

Power-down FLASH1 in deep sleep

EN = 0x1 - FLASH1 is powered down during deep sleep
DIS = 0x0 - FLASH1 is kept powered on during deep sleep

13

FLASHOPWD-
SLP

0x1

RW

Power-down FLASHO in deep sleep

EN = 0x1 - FLASHO is powered down during deep sleep
DIS = 0x0 - FLASHO is kept powered on during deep sleep

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-128KB)
GROUP1 = 0x2 - SRAM GROUP1 powered down (128KB-192KB)
GROUP2 = 0x4 - SRAM GROUP?2 powered down (192KB-256KB)
GROUP3 = 0x8 - SRAM GROUP3 powered down (256KB-320KB)
GROUP4 = 0x10 - SRAM GROUP4 powered down (320KB-384KB)
GROUPS5 = 0x20 - SRAM GROUPS5 powered down (384KB-448KB)
GROUP6 = 0x40 - SRAM GROUPG6 powered down (448KB-512KB)
GROUP7 = 0x80 - SRAM GROUP7 powered down (512KB-576KB)
GROUPS8 = 0x100 - SRAM GROUP8 powered down (576KB-672KB)
GROUP9 = 0x200 - SRAM GROUP9 powered down (672KB-768KB)
SRAM64K = 0x1 - Power-down lower 64k SRAM (64KB-128KB)
SRAM128K = 0x3 - Power-down lower 128k SRAM (64KB-192KB)
SRAM256K = 0xF - Power-down lower 256k SRAM (64KB-320KB)
ALLBUTLOWERG64K = 0x3FE - All SRAM banks but lower 64k powered
down.

ALLBUTLOWER128K = 0x3FC - All banks but lower 128k powered down.
ALLBUTLOWER256K = 0x3FO0 - All banks but lower 256k 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 conjunction 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 bank 2, 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 bank 0, 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 FLASH group 1 (1MB-2MB)
14 FLASHT Ox1 RW EN = 0x1 - Power up FLASH group 1 (1MB-2MB)
DIS = 0x0 - Power down FLASH group 1 (1MB-2MB)
Power up FLASH group 0 (OMB-1MB)
3 FLASHO Ox1 RW EN = 0x1 - Power up FLASH group 0 (OMB-1MB)
DIS = 0x0 - Power down FLASH group 0 (OMB-1MB)
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Table 17: MEMPWREN Register Bits

Bit Name Reset RW Description
Power up SRAM groups
NONE = 0x0 - Do not power ON any of the SRAM banks
GROUPO = 0x1 - Power ON only SRAM 64KB group0 (addr: 0x10010000 -
0x1001FFFF)
GROUP1 = 0x2 - Power ON only SRAM 64KB group1 (addr: 0x10020000 -
0x1002FFFF)
GROUP2 = 0x4 - Power ON only SRAM 64KB group2 (addr: 0x10030000 -
0x1003FFFF)
GROUP3 = 0x8 - Power ON only SRAM 64KB group3 (addr: 0x10040000 -
0x1004FFFF)
GROUP4 = 0x10 - Power ON only SRAM 64KB group4 (addr: 0x10050000 -
0x1005FFFF)
GROUPS5 = 0x20 - Power ON only SRAM 64KB group5 (addr: 0x10060000 -
0x1006FFFF)
GROUPS6 = 0x40 - Power ON only SRAM 64KB group6 (addr: 0x10070000 -
12:3 SRAM 0x3ff RW | Ox1007FFFF)
GROUP7 = 0x80 - Power ON only SRAM 64KB group?7 (addr: 0x10080000 -
0x1008FFFF)
GROUPS8 = 0x100 - Power ON only SRAM 96KB group8 (addr: 0x10090000
- Ox100A7FFF)
GROUP9 = 0x200 - Power ON only SRAM 96KB group9 (addr:
0x100A8000 - Ox100BFFFF)
SRAM64K = 0x1 - Power ON only lower 64k (addr: 0x10010000 -
0x1001FFFF)
SRAM128K = 0x3 - Power ON only lower 128k (addr: 0x10010000 -
0x1002FFFF)
SRAM256K = OxF - Power ON only lower 256k (addr: 0x10010000 -
0x1004FFFF)
SRAM512K = OxFF - Power ON only lower 512k (addr: 0x10010000 -
0x1008FFFF)
ALL = 0x3FF - All SRAM banks (704K) powered ON (addr: 0x10010000 -
0x100BFFFF)
Power up DTCM
NONE = 0x0 - Do not enable power to any DTCMs
GROUPODTCMO = 0x1 - Power ON only 8KB GROUPO_DTCMO (0 - 8KB,
addr: 0x10000000 - 0x10001FFF)
GROUPODTCM1 = 0x2 - Power ON only 24KB GROUPO_DTCM1 (8KB -
2:0 DTCM 0x7 RW | 32KB, addr: 0x10002000 - 0x10007FFF)

GROUPO = 0x3 - Power ON only DTCMs in 32KB group0 (0 - 32KB, addr:
0x10000000 - 0x10007FFF)

GROUP1 = 0x4 - Power ON only DTCMs in 32KB group1 (32KB - 64KB,
addr: 0x10008000 - 0x1000FFFF)

ALL = Ox7 - Power ON all DTCMs (0 - 64KB, addr: 0x10000000 -
0x1000FFFF)

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.
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Table 18: MEMPWRSTATUS Register
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Table 19: MEMPWRSTATUS Register Bits
Bit Name Reset RW Description
31:17 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 CACHERO 0x0 RO This bitis 1 if power is supplied to Cache Bank 0
14 FLASH1 Ox1 RO This bitis 1 if power is supplied to FLASH group 1
13 FLASHO oxA1 RO This bit is 1 if power is supplied to FLASH group 0
12 SRAM9 oxA RO This bit is 1 if power is supplied to SRAM GROUP9
1 SRAMS ox RO This bit is 1 if power is supplied to SRAM GROUP8
10 SRAM7 oxA RO This bitis 1 if power is supplied to SRAM GROUP7
9 SRAM6 oxA RO This bit is 1 if power is supplied to SRAM GROUP6
8 SRAMS5 oxA RO This bitis 1 if power is supplied to SRAM GROUP5
7 SRAM4 oxA RO This bitis 1 if power is supplied to SRAM GROUP4
6 SRAM3 oxA RO This bitis 1 if power is supplied to SRAM GROUP3
5 SRAM2 oxA1 RO This bitis 1 if power is supplied to SRAM GROUP2
4 SRAM1 oxA1 RO This bitis 1 if power is supplied to SRAM GROUP1
3 SRAMO ox RO This bitis 1 if power is supplied to SRAM GROUPO
9 DTCMA1 oxA RO This bit is 1 if power is supplied to DTCM GROUP1
1 DTCMO1 0x1 RO This bitis 1 if power is supplied to DTCM GROUPO_1
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Table 19: MEMPWRSTATUS Register Bits

Bit

Name

Reset

RW

Description

DTCMO00

0x1

RO

This bit is 1 if power is supplied to DTCM GROUPO_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, MSPI2-0, SCARD, ADC,
UARTO and 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 o ;[ms bit is 1 if SYSTEM has been in Deep Sleep. Write '1' to this bit to clear
LEEP '
COREDEEPS- This bitis 1 if CORE has been in Deep Sleep. Write '1' to this bit to clear it.
30 0x0 RO
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 bitis 1 if power is supplied to BLEH

8 BLEL 0x0 RO This bitis 1 if power is supplied to BLEL

7 PWRPDM 0x0 RO This bit is 1 if power is supplied to PDM
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Table 21: DEVPWRSTATUS Register Bits

Bit Name Reset RW Description

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 bit is 1 if power is supplied to HCPC domain (IO MASTER4, 5, 6)

3 HCPB 0x0 RO This bit is 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 ox RO This bitis 1 if power is supplied to MCUH

0 MCUL ox1 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.

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.
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Table 23: SRAMCTRL Register Bits

Bit Name Reset RW Description
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.

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

DS-A3P-1p3p0

©2022 Ambiq Micro, Inc.
All rights reserved.

Page 101 of 1037



Apollo3 Blue Plus SoC Datasheet

Table 25: ADCSTATUS Register Bits

Bit Name Reset RW Description

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 oxA1 RO This bit indicates that the ADC Band Gap is powered down

0 ADCPWD ox 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.

Table 26: MISC Register
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FORCECOREVRLPPDM
SIMOBUCKEN

Table 27: MISC Register Bits

Bit Name

Reset

RW

Description

31:9 RSVD

0x0

RO

RESERVED.

FORCESIMO-
BUCKACT

0x0

RW

Control Bit to keep SIMO Buck in active state. When this bit is set, it will not
go into Ip mode.
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Table 27: MISC Register Bits

Bit Name Reset RW Description
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 Ip 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 Ip 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
54 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.
, FORCEMEM- 00 W g::éraolct?r:etrooiosrgfnel\:kiesn: \r/]l:into LP mode in deep sleep even when hfrc
VRLPTIMERS unning.
) FORCECOREV- 00 W g::éraolct?r:etrooiosrgfn;(i)srer \;l:ir:o LP mode in deep sleep even when hfrc
RLPTIMERS unning.
1 FORCECOREV- 00 W g;nthVZfeg):fpzblteptg;\eﬂ?s)reo\v/vzrte%%on|nto LP mode with HCPA/B/C/MSPI
RLPPDM P u P
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.
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Table 28: DEVPWREVENTEN Register
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@ W | GlE|&|5|a G| |T|E
ololx SISs|ISIs|===ze
= RSVD w w WL ||
Bl |2 HLE Do oI
@ w|k o2l |Qla|lalal|3|D
TR J(Q 29| lo|lo|o |0
RIE L oo |=|< || Z|T|S|Z
0 (W
[n g |
S |m
m
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.
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
5 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
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Table 29: DEVPWREVENTEN Register Bits

Bit

Name

Reset RW Description

HCPBEVEN

Control HCPB power-on status event

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

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

HCPAEVEN

Control HCPA power-on status event

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

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

MCUHEVEN

Control MCUH power-on status event

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

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

MCULEVEN

Control MCUL power-on status event

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.

Table 30: MEMPWREVENTEN Register

- W
o w

2(2|2 (211|111
3(2|1(0

11]1({1/0{0(0|O0O(0O|O0OfO0O|O|O0]|O

-

QN
w
-
©
(o]
~
(<]
(3]
'S
w
N
-
o

CACHEB2EN
CACHEBOEN

RSVD SRAMEN

FLASH1EN
FLASHOEN
DTCMEN

Table 31: MEMPWREVENTEN Register Bits

Bit

Name

Reset RW Description

31

CACHEB2EN

Control CACHEB2 power-on status event

0x0 RW EN = 0x1 - Enable CACHE BANK 2 status event

DIS = 0x0 - Disable CACHE BANK 2 status event

30

CACHEBOEN

Control CACHE BANK 0 power-on status event

0x0 RW EN = 0x1 - Enable CACHE BANK 0 status event

DIS = 0x0 - Disable CACHE BANK 0 status event
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Table 31: MEMPWREVENTEN Register Bits

Bit

Name

Reset

RW

Description

29:15

RSVD

0x0

RO

RESERVED.

14

FLASH1EN

0x0

RW

Control FLASH power-on status event

EN = 0x1 - Enable FLASH status event
DIS = 0x0 - Disables FLASH status event

13

FLASHOEN

0x0

RW

Control FLASH power-on status event

EN = 0x1 - Enable FLASH status event
DIS = 0x0 - Disables FLASH status event

12:3

SRAMEN

0x0

RW

Control SRAM power-on status event

NONE = 0x0 - Disable SRAM power-on status event

GROUPOEN = 0x1 - Enable SRAM group0 (OKB-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

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

GROUP7EN = 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

2:0

DTCMEN

0x0

RW

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

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 Plus 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 Plus 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 Plus 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
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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
6

1

-

1

1

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

1

1

1

1

1

-

1

1

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(3 222 2(2|2(2|1{1|1|1(1|1(1]|1{1]|1]0(0]|0 o(ojofojO0(oO
110 8(7]|6 3(2|1(0 4 1 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: 0xEO00000C

Stimulus Port Register 3

Table 39: STIM3 Register

33 222 2(2|2(2|1{1|1|1(1|1(1]|1{1|1]0(0]|0 o(ojofoj0foO
110 8(7|6 3(2|1(0 6 4 1 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|12(2(2|2]|2 2|2 2|1{1(1|1|1|1]|1|1|1]|1]|0|l0|0[0|0|0|0O]|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
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|3|2(2|2|2]|2 2, 2,2,2{1{1{1{1{1{1{1{1{1;]1|(0,00|{0|0|0|0|0|0]|0O0
1/0(9(8(7(6|5 3/12(1{0(9]|8 6 413|2|1|/0|9|8|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
1,0/9|8(7(6(5/4|3|2|1/0(9/8|7|6|5|4

-

1

1

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

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

-

1

1

STIM8

Table 50: STIM8 Register Bits

Bit Name Reset RW

Description

31:0 STIM8 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

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

-

1

1

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

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

STIM17

Table 68: STIM17 Register Bits

Bit Name Reset RW

Description

31:0 STIM17 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

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

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

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: 0xE000006C
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

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

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: 0xE000007C
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

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

313 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 4.3(2|1(0|9(8|7|6|5|4(3|2[1]|0
STIMENA
Table 98: TER Register Bits

Bit Name Reset RW Description
31:0 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: 0xEOOOOE40

Trace Privilege Register.

Table 99: TPR Register

3 22|22 2|2 2(1|1(1|1(1|1;1(1|1(1|0(0j0[0|0|0|0]|O 0
1(10 8|7|6|5 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: 0xEOOOOES0

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
o | SEIE1EE
> | 8 < | < <Z( 2 <
RSVD 9 ATB_ID RSVD & W RSVD |& (& | |2 |3
@ o' x > o [H| 2
=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: 0xEOOOOFBO
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: 0xEO000FB4
Lock Status Register

Table 105: LOCKSREG 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(o|0fo0 0
110(9|8|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

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: 0xEOO0OFD4
Peripheral Identification Register 5
Table 109: PID5 Register
3 222 2|2 2{1(1(1|{1][1|[1|1][1|1]|1]/0]|0]|0|0|0|0|0]O 0
1(0 876 3/2(1]0 4 1 9876|543 [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

O0xb1

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
0x40020038 DMASRAMWRITEPROTECT2 SRAM write-protection bits.
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 Reference 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
0x400201CO | ICODEFAULTADDR Lig%iltbgici‘:ferfs which was present when a
0x400201C4 | DCODEFAULTADDR bDqu?‘aDuEIt Zucscj:gfss which was present when a
0x400201C8 SYSFAULTADDR System bus address which was present when a
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.

DS-A3P-1p3p0

Page 138 of 1037

©2022 Ambiq Micro, Inc.
All rights reserved.



Apollo3 Blue Plus SoC Datasheet

Table 131: MCUCTRL Register Map

Address(s) Register Name Description
0x40020264 OTAPOINTER (())r;ll',;\t()(;\llje(;re Air) Update Pointer/Status. Reset
0x40020284 SRAMMODE SRAM Controller mode bits
0x40020345 | KEXTOLKSEL celecis va the EXTOLKSEL rog
0x40020350 SIMOBUCK1 SIMO Buck Control Reg 1
0x40020354 SIMOBUCK2 SIMO Buck Control Reg 2
0x40020358 SIMOBUCK3 SIMO Buck Control Reg 3
0x4002035C SIMOBUCK4 SIMO Buck Control Reg 4
0x40020364 BLEBUCK1 BLEBUCK1 Control Reg
0x40020368 BLEBUCK2 BLEBUCK2 Control Reg
0x400203A0 FLASHWPROTO Flash Write Protection Bits
0x400203A4 FLASHWPROT1 Flash Write Protection Bits
0x400203A8 FLASHWPROT2 Flash Write Protection Bits
0x400203AC | FLASHWPROT3 Flash Write Protection Bits
0x400203B0 FLASHRPROTO Flash Read Protection Bits
0x400203B4 FLASHRPROT1 Flash Read Protection Bits
0x400203B8 FLASHRPROT2 Flash Read Protection Bits
0x400203BC FLASHRPROT3 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.
0x400203D8 DMASRAMREADPROTECT2 SRAM read-protection bits.

DS-A3P-1p3p0

Page 139 of 1037

©2022 Ambiq Micro, Inc.
All rights reserved.



Apollo3 Blue Plus SoC Datasheet

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

-
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[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

PARTNUM

Table 133: CHIPPN Register Bits

Bit Name Reset RW Description

BCD part number.

APOLLOBSP = 0x7000000 - Apollo3 Blue Plus part number is 0x07XXXXXX.
APOLLO3 = 0x6000000 - Apollo3 Blue part number is 0X06XxXXXXX.
APOLLO2 = 0x3000000 - Apollo2 part number is OX03XXXXXX.
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.

31:0 PARTNUM 0x6000000 RO | SRAMSIZE_S = 0x10 - Bit position for the SRAM_SIZE field.
REV_M = 0xFFOO0 - Mask for the revision field. Bits [15:12] are major rey,
[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 Blue Plus 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 Blue Plus 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|3 212 |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]|0
110 8|7|6|5 3/]2(1|0 413|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.
74 REVMAJ 0x0 RO | C =0x3 - Apollo3 Blue Plus
B = 0x2 - Apollo3 Blue revision B
A = 0x1 - Apollo3 Blue revision A
Minor Revision ID.
3:.0 REVMIN 0x1 RO | REV1 = 0x2 - Apollo3 Blue minor rev 1.
REVO = 0x1 - Apollo3 Blue 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 22|22 2, 2,2,2{1{1{1{1{1{1{1{1{1;1(0,00|{0|0|0|0|0|0]|0O0
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
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|11|1|1]|1]|1]|1]1]|1 1/]0|]0|{0|{0|0|O0|O0O|Of|O(O
110|/9|8|7|6]|5 3(2(1|0 4 9(8(7|6|5|4|3|2|1]|0
JEIE
3|22
RSVD 212|0
019 |4
wig|<
"<
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
110(9|8|7|6|5 3(2|1(0]|9](8 6 4 3|2 0(9|8(7|6|5|4|3 (2|10
= |x|g _,
:>,:( SlElalZ|S5|8
RSVD AR
AL =R
2|38|3| |®
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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

322222222 201(1(1]1]1]1]1]1]|1|1|o|lolo]o]o]o]0]0 0
1|o0|o|8|7|6|5|a|3]|2]1]0 4 1 9|8|7|6|5/4a[3|2|1]0
'_

2

RSVD )

Q

(@)

-
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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).

3.9.29 DMASRAMWRITEPROTECT2 Register

SRAM write-protection bits.

OFFSET: 0x00000038

INSTANCE 0 ADDRESS: 0x40020038

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

Table 148: DMASRAMWRITEPROTECT2 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|9,8(7|6(5|4(3|2|1|(0,9(8|7(6|5[4|3 2|10

DMA_WPROT2

Table 149: DMASRAMWRITEPROTECT2 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_WPROT2 0x0 RW DMA writes, when set to 0, DMA may write the region.

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

INSTANCE 0 ADDRESS: 0x40020104
ADC Power Up Delay Control

Table 150: ADCPWRDLY 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

RSVD ADCPWR1 ADCPWRO
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Table 151: 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 ADCPWR1 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 ADCPWRO0 0x0 RW | ADC_CLKSEL = 0x1, 32 ADC CLOCK increments for ADC_CLKSEL = 0x2.

3.9.2.11 ADCCAL Register

ADC Calibration Control

OFFSET: 0x0000010C

INSTANCE 0 ADDRESS: 0x4002010C
ADC Calibration Control

Table 152: ADCCAL Register

-—

o w
oN
N
NN
oON
anN
HN
[I3N V]
NN
-
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00 =
~N =
o =
o =
QY
w =
N =
-
o -
o o
0 o
~N ©
o o
o o
]
w o
N ©
)
o o

RSVD

ADCCALIBRATED
CALONPWRUP

Table 153: 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
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3.9.2.12 ADCBATTLOAD Register
ADC Battery Load Enable

OFFSET: 0x00000110

INSTANCE 0 ADDRESS: 0x40020110
ADC Battery Load Enable

Table 154: ADCBATTLOAD Register

-

3(3|2(2|2(|2|2|2(2|2(2|2(1]|1(1]|1]1 1111 (1]0(0

o
o
o
o
o
o

110(9(8|7(6|5(4|3|2|1]|0 4 1 9|8 5(4(3(2|1]0
a
5
RSVD =
<
M
Table 155: 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
3.9.2.13 ADCTRIM Register
ADC Trims
OFFSET: 0x00000118
INSTANCE 0 ADDRESS: 0x40020118
ADC Trims
Table 156: ADCTRIM Register
3(2|2(2|2|2|2|2(2|2(2|1{1|1|1(1|1(1|1(1]|1][0]|0 o(oj0fo0 0
110(9(8|7(6|5(4|3|2|1|0 4 1 9|8 5(4(3(2|1]0
=
= = i
= r o
o L o
RSVD 5 D RSVD m
m L ¥4
L w L
o o w
8 8 &
< < a
<
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Table 157: 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

3.9.2.14 ADCREFCOMP Register
ADC Reference Keeper and Comparator Control
OFFSET: 0x0000011C
INSTANCE 0 ADDRESS: 0x4002011C

ADC Reference Keeper and Comparator Control

Table 158: ADCREFCOMP Register

3|3 212 |2)|2 2,22{1{1{1{1{1{1{1{1{1{1;,0/0;0;0|{0|0|0|0|0|0
1(10 8|7|6|5 210 6 4 1/0(9(8|7|6|5(4|3 |21
'_
s >
z = o
o o o
= ] 5
RSVD 8 RSVD i~ RSVD o
x m m
Q 4 ©
()] O |
< a 8
< <
Table 159: 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
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Table 159: ADCREFCOMP Register Bits

Bit Name Reset RW Description
71 RSVD 0x0 RO RESERVED
0 ADCER55$OM- 0x0 RO Output of the ADC reference comparator

3.9.2.15 XTALCTRL Register
XTAL Oscillator Control
OFFSET: 0x00000120

INSTANCE 0 ADDRESS: 0x40020120
XTAL Oscillator Control

Table 160: XTALCTRL Register

3 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 (V)
110 8(7|6|(5|4[3]|2 0 4 1 9(8|7(6|5[4|3|2(1]|0
s o I B
= s |||
o E |EIEIKIEIR |
B ok lzlalz|S2
s L Ola || @
RSVD o > |ol|s|olg o |4
aa] |02 |a|<
o | Olp|(m|Q|¥|E
- < o |m|X
= | E |E|3B|z]8
X oo |®@|w
Table 161: 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 Rrw | XTAL IBUFF 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.
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Table 161: XTALCTRL Register Bits

Bit Name Reset RW Description
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.

3.9.2.16 XTALGENCTRL Register
XTAL Oscillator General Control

OFFSET: 0x00000124
INSTANCE 0 ADDRESS: 0x40020124
XTAL Oscillator General Control

Table 162: XTALGENCTRL Register

3|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]|0
10 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
=
4 = o
= o )
7] = =
< 2 r
RSVD o < z
9] m ;
X |
= z 2
S %
x
Table 163: 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 0x1 RW | cess to enable a faster lock.
TRIM
7:2 | XTALBIASTRIM 0x0 Rw | XTALBIAS trim
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Table 163: XTALGENCTRL Register Bits

Bit

Name

Reset

RW

Description

1:0

ACWARMUP

0x0

RW

Auto-calibration delay control

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

3.9.2.17 MISCCTRL Register
Miscellaneous control register.
OFFSET: 0x00000198
INSTANCE 0 ADDRESS: 0x40020198

Miscellaneous control register.

Table 164: MISCCTRL Register

33 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]|0
110 8(7|6|5|4 2(1|/0(9|8|7|6|5(4|3(2|1{0|9|8|7|6|5|4(3|2[1]|0
o
°
z
i z
%] DI
RSVD H:J o
| >
L o
_ L
m %)
|
4
Table 165: 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 bit field completely unmodified. Fail-
4:0 0x0 RW ) . ) )
W_00 ure to do so will result in unpredictable behavior.

3.9.2.18 BOOTLOADER Register

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

Bootloader and secure boot functions
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Table 166: BOOTLOADER 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(O0|O0O(O0O|O0|O0]|0O0
1,0/9(8|7(6|5(4|3|2|1]|0 4 1 9|8(7|6(5|4(3|2(1|0
L =
2 > "
z 5 '<T: O x|
e | o | i oo |y
5 @ = RSVD 21912
Q 2 Q o|m|S
m » o x| o
O a & e
® w Q
n m
Table 167: BOOTLOADER Register Bits
Bit Name Reset RW Description
Indicates whether the secure boot on warm reset is enabled
31:30 BOO§I'I(EDCI:\I-RST 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 SECI.BF?JgEFEA' 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 visibil-
1 SBLOCK ox RW ity 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 0x1 RW
LOW
ADDRO = 0x1 - Bootloader code at 0x00000000.

3.9.2.19 SHADOWVALID Register

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

OFFSET: 0x000001A4
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INSTANCE 0 ADDRESS: 0x400201A4

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

Table 168: SHADOWVALID Register

o
o
o

1|1/1/1]0(0|0(0|0 0|0
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RSVD

INFOO_VALID
BLDSLEEP
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Table 169: SHADOWVALID Register Bits

Bit Name Reset RW Description

313 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 0x1 RO Information Space.

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

3.9.2.20 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 170: SCRATCHO 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]|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

SCRATCHO
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Table 171: SCRATCHO Register Bits

Bit Name Reset RW Description

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

3.9.2.21 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 172: SCRATCH1 Register

3|12(2(2(2|2|2|2|2|2(2(1|1|1]|1]|1]|1 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

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

SCRATCH1

Table 173: SCRATCH1 Register Bits

Bit Name Reset RW Description

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

3.9.2.22 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 174: 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 175: 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.

3.9.2.23 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 176: 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 177: 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.

3.9.2.24 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 178: 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 179: 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.

3.9.2.25 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 180: FAULTSTATUS Register

3 2|2(2|2|2|2)|2 2|1(1|1(1{1(1|1(11|1|(0|0(0|0f(0O|jO(O0O|O0O(O0]|0O0
10 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
Hl-
5313
=) E <
RSVD W L
w0
%819
ale
Table 181: 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 181: 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.

3.9.2.26 FAULTCAPTUREEN Register

Enable the fault capture registers

OFFSET: 0x000001D0

INSTANCE 0 ADDRESS: 0x400201D0

Enable the fault capture registers

Table 182: FAULTCAPTUREEN Register

33 22|22 2|2 1(1(1(1(1(1f(1(1(1(1(ofofofofojofofofofo
110 8(7|6|5 3|2 9(8|7(6|5/4|3|2(1|0(9|8[|7|6|5(43(2|1(0
z
wi
w
o
>
RSVD &
O
5
o)
&
Table 183: 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.

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

INSTANCE 0 ADDRESS: 0x40020200
Read-only debug register 1
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Table 184: DBGR1 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

ONETO8

Table 185: DBGR1 Register Bits

Bit Name Reset RW Description

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

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

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

Table 186: DBGR2 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

COOLCODE

Table 187: DBGR2 Register Bits

Bit Name Reset RW Description

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

3.9.2.29 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 188: PMUENABLE Register

3322222222221 (1[1[1[1[1[1[1[1[1|0fofofofofofofof0]0
1/0|l9|8|7|6|5/4|3|2|1|/0|90|8|7|6|5]|4 1 9o(8(7(6(5(a(3[2[1]0
i

]

RSVD o

zZ

w

Table 189: PMUENABLE Register Bits

Bit Name Reset RW Description

31:1 RSVD 0x0 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.

3.9.2.30 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 190: TPIUCTRL Register

-
-
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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
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Table 191: TPIUCTRL Register Bits
Bit Name Reset RW Description
31:11 RSVD 0x0 Ro | RESERVED
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Table 191: 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 clock
HFRCDIV8 = 0x2 - Selects HFRC divided by 8 as the source TPIU clock
HFRCDIV16 = 0x3 - Selects HFRC divided by 16 as the source TPIU clock

10:8 CLKSEL 0x0 RW HFRCDIV32 = 0x4 - Selects HFRC divided by 32 as the source TPIU clock
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.

3.9.2.31 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 192: OTAPOINTER Register
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OTAPOINTER

OTASBLUPDATE
OTAVALID

Table 193: 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 193: OTAPOINTER Register Bits

Bit Name Reset RW Description

0 OTAVALID 0x0 RW Indicates that an OTA update is valid

3.9.2.32 SRAMMODE Register
SRAM Controller mode bits
OFFSET: 0x00000284

INSTANCE 0 ADDRESS: 0x40020284
SRAM Controller mode bits

Table 194: SRAMMODE 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|0jO0]|O0]|O0]|O0
1,0/9(8|7(6|5(4|3|2|1]|0 4 1 9|8(7|6(5|4(3|2(1|0
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Q (&)
< | I |
[CRNG] OO
e [k e |74
RSVD U’Eﬁwgh
D:LIJID:LUQ:
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Table 195: SRAMMODE Register Bits

Bit Name Reset RW Description
31:8 RSVD 0x0 RO RESERVED
7:6 RSVD 0x0 Ro | RESERVED
o [oemermren- [ | [ S prefech ot et o e dtasros s v
CACHE g '
When set, data bus accesses to the SRAM banks will be pre-fetched (nor-
4 DPREFETCH 0x0 RW mally 2 cycle read access). Use of this mpde bit is only recommended if the
work flow has a large number of sequential accesses.
3:2 RSVD 0x0 Ro | RESERVED
IPREFETCH - Secondary pre-fetch feature that will cache pre-fetched data across bus wait
1 CACHE 0x0 RW | states (requires IPREFETCH to be set).
When set, instruction accesses to the SRAM banks will be pre-fetched (nor-
0 IPREFETCH 0x0 RW mally 2 cycle read access). Gene.raII)./, this mode bit should be set for
improved performance when executing instructions from SRAM.
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3.9.2.33 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 196: KEXTCLKSEL Register

3(3 22|22 2/12]2]2{1{1{1{1{1{1{1{1{1]1]0]0|0 o(ojofojo0fo0
110 8(7|6|5 3(2|1(0 4 1 9 (8|7 5(4(3(2|1]0
KEXTCLKSEL
Table 197: KEXTCLKSEL Register Bits
Bit Name Reset RW Description

Key register value.
31:0 KEXTCLKSEL 0x0 RW

Key = 0x53 - Key

3.9.2.34 SIMOBUCK1 Register

SIMO Buck Control Reg 1

OFFSET: 0x00000350
INSTANCE 0 ADDRESS: 0x40020350

SIMO Buck Control Reg 1

Table 198: SIMOBUCK1 Register

3|3 2|12 (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
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Table 199: SIMOBUCK1 Register Bits

Bit Name Reset RW Description
SIMOBUCK- simobuck_core_tempco_trim
31:28 CORETEMP- 0x3 RW —core_tempeo_|
COTRIM

) SIMOBUCK- simobuck_mem_Ip_trim
27:22 MEMLPTRIM 0x20 RW

. SIMOBUCKME- simobuck_mem_active_trim
2116 | \IACTIVETRIM 0x20 RW

. SIMOBUCK- simobuck_core_Ip_trim
15:10 CORELPTRIM 0x20 RW

. SIMOBUCKCO- simobuck_core_active_trim
9:0 REACTIVETRIM 0x200 RW

3.9.2.35 SIMOBUCK2 Register
SIMO Buck Control Reg 2

OFFSET: 0x00000354

INSTANCE 0 ADDRESS: 0x40020354
SIMO Buck Control Reg 2

Table 200: SIMOBUCK2 Register
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Table 201: SIMOBUCK2 Register Bits
Bit Name Reset RW Description
31:30 RSVD 0x0 RO RESERVED
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Table 201:

SIMOBUCK2 Register Bits

Bit Name Reset RW

Description

SIMOBUCK-
29:28 CORELEAKAG- 0x0 RW
ETRIM

simobuck_core_leakage_trim

SIMOBUCK-
27:26 CORELP- 0x2 RW
DRVSTRTRIM

simobuck_core_Ip_drvstr_trim

SIMOBUCKCO-
25:24 REACT- 0x2 RW
DRVSTRTRIM

simobuck_core_act_drvstr_trim

SIMOBUCK-
23:20 CORELPLOW- Oxa RW
TONTRIM

simobuck_core_Ip_low_ton_trim

SIMOBUCK-
19:16 CORELPHIGH- Oxa RW
TONTRIM

simobuck_core_Ip_high_ton_trim

SIMOBUCKCO-
15:12 REACTLOW- Oxa RW
TONTRIM

simobuck_core_act_low_ton_trim

SIMOBUCKCO-
11:8 REACTHIGH- Oxa RW
TONTRIM

simobuck_core_act_high_ton_trim

SIMOBUCK-
7:6 CORECDAC- 0x0 RW
TRIM

simobuck_core_hyst_trim

SIMOBUCK-
5 CORECDACEN 0x0 RW

simobuck_core_hyst_en

_ SIMOBUCK-
40 TONGENTRIM 0x10 RW

simobuck_tongen_trim

3.9.2.36 SIMOBUCKS3 Register
SIMO Buck Control Reg 3

OFFSET: 0x00000358

INSTANCE 0 ADDRESS: 0x40020358
SIMO Buck Control Reg 3
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Table 202: SIMOBUCKS3 Register

22|21

111

-

1

-

111(1|1(0(0|0

o
5
-
©
©
~

SIMOBUCKBIASPDNB

SIMOBUCKMEMLPHIGHTONTRIM
SIMOBUCKMEMACTLOWTONTRIM

SIMOBUCKMEMACTHIGHTONTRIM

SIMOBUCKMEMCDACTRIM
SIMOBUCKMEMCDACEN
SIMOBUCKMEMLPLOWTOFFTRIM

SIMOBUCKMEMLPHIGHTOFFTRIM

SIMOBUCKCORELPLOWTOFFTRIM

SIMOBUCKCORELPHIGHTOFFTRIM

Table 203:

SIMOBUCKS3 Register Bits

Bit

Name

Reset RW

Description

31

SIMOBUCK-
BIASPDNB

0x0 RW

simobuck_bias_pdnb

30:27

SIMOBUCK-
MEMLPHIGH-
TONTRIM

Oxa RW

simobuck_mem_Ip_high_ton_trim

26:23

SIMOBUCKME-
MACTLOW-
TONTRIM

Oxa RW

simobuck_mem_act_low_ton_trim

22:19

SIMOBUCKME-
MACTHIGH-
TONTRIM

Oxa RW

simobuck_mem_act_high_ton_trim

18:17

SIMOBUCK-
MEMCDAC-
TRIM

0x0 RW

simobuck_mem_hyst_trim

16

SIMOBUCK-
MEMCDACEN

0x0 RW

simobuck_mem_hyst_en

15:12

SIMOBUCK-
MEMLPLOW-
TOFFTRIM

Oxa RW

simobuck_mem_Ip_low_toff_trim

SIMOBUCK-
MEMLPHIGH-
TOFFTRIM

Oxa RW

simobuck_mem_Ip_high_toff_trim

7:4

SIMOBUCK-
CORELPLOW-
TOFFTRIM

Oxa RW

simobuck_core_Ip_low_toff_trim

3:0

SIMOBUCK-
CORELPHIGH-
TOFFTRIM

Oxa RW

simobuck_core_Ip_high_toff_trim
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3.9.2.37 SIMOBUCK4 Register
SIMO Buck Control Reg 4

OFFSET: 0x0000035C

INSTANCE 0 ADDRESS: 0x4002035C
SIMO Buck Control Reg 4

Table 204: SIMOBUCK4 Register
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Table 205: 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 SIMO Buck 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 SIMO Buck in both active and
27:26 VLOMODE 0x3 RW low-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_comp2_timeout_en
24 COMP2TIME- 0x0 RW - Pe_ -
OUTEN
SIMOBUCK- simobuck_comp2_Ip_en
23 COMP2LPEN Oxt RW
) SIMOBUCK- simobuck_clkdiv_sel
22:21 CLKDIVSEL 0x0 RW
SIMOBUCKEX- simobuck_extclk_sel
20 TCLKSEL 0x0 RW

DS-A3P-1p3p0

Page 166 of 1037 ©2022 Ambiq Micro, Inc.

All rights reserved.




Apollo3 Blue Plus SoC Datasheet

Table 205: SIMOBUCK4 Register Bits
Bit Name Reset RW Description
SIMOBUCKU- simobuck_uvlo_drvstr_trim
19:17 VLODRVSTR- 0x6 RW - - -
TRIM
For BO, this register has been redefined as mode bits for the SIMO Buck.
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
SIMOBUCK- simobuck_mem_Ip_low_ton_trim
3:0 MEMLPLOW- Oxa RW —mem_p_fow_ton_|
TONTRIM

3.9.2.38 BLEBUCK1 Register
BLEBUCK1 Control Reg

OFFSET: 0x00000364

INSTANCE 0 ADDRESS: 0x40020364
BLEBUCK1 Control Reg

Table 206: BLEBUCK1 Register
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Table 207: BLEBUCK1 Register Bits

Bit Name Reset RW Description
31:26 RSVD 0x0 ro | RESERVED
blebuck _vref_sel. Note : the SWE mux select in PWRSEQ2SWE must be
25 BLEBUCK- 0x0 RW | set for this to take effect
VREFSEL '
. BLEBUCKZX- blebuck_zx_trim
24:19 TRIM 0x0 RW
) BLEBUCKPUL- blebuck_pullup_trim
18:15 LUPTRIM 0x0 RW
) BLEBUCKLP- blebuck_Ip_trim
14:9 TRIM 0x0 RW
. BLEBUCK- blebuck_hyst_trim
8:7 HYSTTRIM 0x0 RW
6 BLEBUCKHYS- 0x0 RW blebuck_hyst_en
TEN
. BLEBUCKAC- blebuck_active_trim
5:0 TIVETRIM 0x0 RW

3.9.2.39 BLEBUCK2 Register
BLEBUCK2 Control Reg

OFFSET: 0x00000368

INSTANCE 0 ADDRESS: 0x40020368
BLEBUCK?2 Control Reg

Table 208: BLEBUCK2 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 4 1 9(8|7(6|5[4|3|2(1]|0
= =
o = x
= e =
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) z S
z z 3
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g X =
O X
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Table 209: BLEBUCK2 Register Bits

Bit Name Reset RW Description
31:18 RSVD 0x0 Ro | RESERVED
. BLEBUCK- blebuck_ton_trim
172 1 1OND2ATRIM 0x0 RO
. BLEBUCKTON- blebuck_ton_hi_trim
11:6 HITRIM 0x1 RW
. BLEBUCKTON- blebuck_ton_low_trim
5:0 LOWTRIM Oxe RW

3.9.2.40 FLASHWPROTO Register
Flash Write Protection Bits
OFFSET: 0x000003A0
INSTANCE 0 ADDRESS: 0x400203A0
These bits write-protect flash in 16KB chunks.

Table 210: FLASHWPROTO Register

-

111111
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

FWOBITS

Table 211: 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)

3.9.2.41 FLASHWPROT1 Register
Flash Write Protection Bits
OFFSET: 0x000003A4
INSTANCE 0 ADDRESS: 0x400203A4
These bits write-protect flash in 16KB chunks.
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Table 212: FLASHWPROT1 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

FW1BITS

Table 213: 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)

3.9.2.42 FLASHWPROT2 Register
Flash Write Protection Bits

OFFSET: 0x000003A8

INSTANCE 0 ADDRESS: 0x400203A8
These bits write-protect flash in 16KB chunks.

Table 214: FLASHWPROT2 Register

21

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

FW2BITS

Table 215: FLASHWPROT2 Register Bits

Bit Name Reset RW Description
Write protect flash 0x00100000 - 0x0017FFFF. Each bit provides write pro-
tection for 16KB chunks of flash data space. Bits are cleared by writing a 1
31:0 FW2BITS 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)

3.9.2.43 FLASHWPROT3 Register
Flash Write Protection Bits

OFFSET: 0x000003AC

INSTANCE 0 ADDRESS: 0x400203AC

These bits write-protect flash in 16KB chunks.
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Table 216: FLASHWPROTS3 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

FW3BITS

Table 217: FLASHWPROT3 Register Bits

Bit Name Reset RW Description
Write protect flash 0x00180000 - 0x001FFFFF. Each bit provides write pro-
tection for 16KB chunks of flash data space. Bits are cleared by writing a 1
31:0 FW3BITS 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)

3.9.2.44 FLASHRPROTO Register
Flash Read Protection Bits

OFFSET: 0x000003B0

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

Table 218: FLASHRPROTO Register

21

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

FROBITS

Table 219: FLASHRPROTO Register Bits

Bit Name Reset RW Description
Copy (read) protect flash 0x00000000 - 0x0007FFFF. 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)

3.9.2.45 FLASHRPROT1 Register
Flash Read Protection Bits

OFFSET: 0x000003B4

INSTANCE 0 ADDRESS: 0x400203B4
These bits read-protect flash in 16KB chunks.
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Table 220: 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|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

FR1BITS

Table 221: FLASHRPROT1 Register Bits

Bit Name Reset RW Description

Copy (read) protect flash 0x00080000 - 0xO00OFFFFF. 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)

3.9.2.46 FLASHRPROT2 Register
Flash Read Protection Bits

OFFSET: 0x000003B8

INSTANCE 0 ADDRESS: 0x400203B8
These bits read-protect flash in 16KB chunks.

Table 222: FLASHRPROT2 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

FR2BITS

Table 223: FLASHRPROT2 Register Bits

Bit Name Reset RW Description

Copy (read) protect flash 0x00100000 - 0x0017FFFF. Each bit provides
read protection for 16KB chunks of flash. Bits are cleared by writing a 1 to
31:0 FR2BITS 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)

3.9.2.47 FLASHRPROT3 Register
Flash Read Protection Bits

OFFSET: 0x000003BC

INSTANCE 0 ADDRESS: 0x400203BC
These bits read-protect flash in 16KB chunks.
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Table 224: FLASHRPROT3 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

FR3BITS

Table 225: FLASHRPROT3 Register Bits

Bit Name Reset RW Description

Copy (read) protect flash 0x00180000 - 0x001FFFFF. Each bit provides
read protection for 16KB chunks of flash. Bits are cleared by writing a 1 to
31:0 FR3BITS 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)

3.9.2.48 DMASRAMWRITEPROTECTO Register

SRAM write-protection bits.

OFFSET: 0x000003C0

INSTANCE 0 ADDRESS: 0x400203C0

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

Table 226: 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|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

DMA_WPROTO

Table 227: 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

31:0 DMA_WPROTO 0x0 RW DMA writes, when set to 0, DMA may write the region.

3.9.2.49 DMASRAMWRITEPROTECT1 Register

SRAM write-protection bits.

OFFSET: 0x000003C4

INSTANCE 0 ADDRESS: 0x400203C4

These bits write-protect system SRAM from DMA operations in 8KB chunks.
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Table 228: DMASRAMWRITEPROTECT1 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_WPROT1

Table 229: DMASRAMWRITEPROTECT1 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_WPROT1 0x0 RW DMA writes, when set to 0, DMA may write the region.

3.9.2.50 DMASRAMREADPROTECTO Register

SRAM read-protection bits.

OFFSET: 0x000003D0

INSTANCE 0 ADDRESS: 0x400203D0

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

Table 230: DMASRAMREADPROTECTO 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
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

DMA_RPROTO

Table 231: DMASRAMREADPROTECTO Register Bits

Bit Name Reset RW Description

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

31:0 DMA_RPROTO 0x0 RW DMA reads, when set to 0, DMA may read the region.

3.9.2.51 DMASRAMREADPROTECT1 Register

SRAM read-protection bits.

OFFSET: 0x000003D4

INSTANCE 0 ADDRESS: 0x400203D4

These bits read-protect system SRAM from DMA operations in 8KB chunks.
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Table 232: 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|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_RPROT1

Table 233: DMASRAMREADPROTECT1 Register Bits

Bit Name Reset RW Description

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

310 DMA_RPROTH 0x0 RW DMA reads, when set to 0, DMA may read the region.

3.9.2.52 DMASRAMREADPROTECT2 Register

SRAM read-protection bits.

OFFSET: 0x000003D8

INSTANCE 0 ADDRESS: 0x400203D8

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

Table 234: DMASRAMREADPROTECT2 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
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

DMA_RPROT2

Table 235: DMASRAMREADPROTECT2 Register Bits

Bit Name Reset RW Description

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

31:0 DMA_RPROT2 0x0 RW DMA reads, when set to 0, DMA may read the region.
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3.10 Memory Subsystem
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Figure 3. Block Diagram for Flash and OTP Memory Subsystem
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3.10.1 Features
The Apollo3 Blue Plus 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:

= 768 KB SRAM
= 4 instances of 512 KB flash memory (up to 2 MB total)
= 16 KB Flash cache (2-way set-associative/Direct Mapped, 512 entry, 128-bit line size)
= 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 96 MB)

3.10.2 Functional Overview

The Apollo3 Blue Plus SoC Integrates up to 2048 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 Plus 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 Plus SoC
security features are described in “Security” on page 198 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 E Flash arb ]2 8mm— Memory
icode = L]
SRAM arb
SRAM
Memory

Figure 4. Block Diagram for Apollo3 Blue Plus SoC with Flash Cache

Apollo3 Blue Plus 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 236: CACHECTRL Register Map

Address(s) Register Name Description
0x40018000 CACHECFG FLASH Cache Control
0x40018008 CTRL Cache Control
0x40018010 NCROSTART FLASH Cache Noncacheable Region 0 Start
0x40018014 NCROEND FLASH Cache Noncacheable Region 0 End
0x40018018 NCR1START FLASH Cache Noncacheable Region 1 Start
0x4001801C NCR1END FLASH Cache Noncacheable 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
0x40018100 FLASHOCFG FLASH 0 Control
0x40018104 FLASH1CFG FLASH 1 Control
0x40018108 FLASH2CFG FLASH 2 Control
0x4001810C FLASH3CFG FLASH 3 Control
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3.10.3.1.2 CACHECTRL Registers

3.10.3.1.2.1CACHECFG Register
FLASH Cache Control
OFFSET: 0x00000000

INSTANCE 0 ADDRESS: 0x40018000
FLASH Cache Control

Table 237: 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 238: CACHECFG Register Bits
Bit Name Reset RW Description
31:95 RSVD 0x0 RO This bit field 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 bit field 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 bit field 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 clg\(lzvl;%:]:;flir;?eﬁfccache TAG RAM. Software should enable this bit for
GATE pumatp 4
9 DCACHE_EN- 0x0 RW Enable FLASH Data Caching
ABLE
8 ICAiI;II_EEEN- 0x0 RW Enable FLASH Instruction Caching
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Table 238:

CACHECFG Register Bits

Bit Name Reset

RW

Description

74 CONFIG 0x5

RW

Sets the cache configuration

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

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

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

3 ENABLE_NCH1 0x0

RW

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

2 ENABLE_NCO 0x0

RW

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

1 LRU 0x0

RW

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

0 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.

3.10.3.1.2.2CTRL Register

Cache Control

OFFSET: 0x00000008

INSTANCE 0 ADDRESS: 0x40018008

Cache Control

Table 239: CTRL Register

3(2|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
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
w w w w
41519 41519 41519 41519
21212 [2I12]E] [2I2|E] 1212IE]| |»
z o | o |8 z o | z|a & Qg |w
omlolw'omlolw'omlo|wlomID|w|o$'<7JE
= = = = = = = = x 1a
RSVD % —_ E | % — % — % — % — % — % — % L|J| =5
ha U)l n UJl A U)l n UJl A U)l n UJl A U)l n U)l 4 T % <
oo |® NP =< = old|e oz
I |T|I I |T|I I | |I I |T|T < |x | &
0n|ln|lR 0n|ln|lR Nl |R Nl |R O
SIS0 (S(S|3) (31|13 1353
|| || || ||
Table 240: CTRL Register Bits
Bit Name Reset RW Description
31:20 RSVD 0x0 RO This bit field is reserved for future use.
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Table 240: CTRL Register Bits

Bit Name Reset RW Description
19 RSVD 0x0 RO This bit field is reserved for future use.
Enable FLASH Sleep Mode. Write to 1 to put FLASH1 into sleep mode.
18 FLASH3_SLM_ 0x0 WO NOTE: there is a 5 us latency after waking FLASH until the first access will
ENABLE be returned.
Disable FLASH Sleep Mode. Write 1 to wake FLASH1 from sleep mode
17 FLASH3_SLM_- 0x0 WO | (reading the array will also automatically wake it)
DISABLE 9 Y Y '
o | SIS | g | o | FLASH Sos ate St § bt FLASKT 1 e o
STATUS '
15 RSVD 0x0 RO This bit field is reserved for future use.
Enable FLASH Sleep Mode. Write to 1 to put FLASH1 into sleep mode.
14 FLASH2_SLM_ 0x0 WO NOTE: there is a 5 us latency after waking FLASH until the first access will
ENABLE be returned.
Disable FLASH Sleep Mode. Write 1 to wake FLASH2 from sleep mode
13 FLASH2_SLM_- 0x0 WO | (reading the array will also automatically wake it)
DISABLE 9 Y Y '
B I i e e
STATUS '
1 RSVD 0x0 RO This bit field is reserved for future use.
Enable FLASH Sleep Mode. Write to 1 to put FLASH1 into sleep mode.
10 FLASH1_SLM_ 0x0 WO NOTE: there is a 5 us latency after waking FLASH until the first access will
ENABLE be returned.
Disable FLASH Sleep Mode. Write 1 to wake FLASH1 from sleep mode
9 FLASH1_SLM_- 0x0 WO | (reading the array will also automatically wake it)
DISABLE 9 Y Y '
o [rsms | [ [FLASH Sien ece S ] nates AL FLASHI i sep e O
STATUS '
7 RSVD 0x0 RO This bit field is reserved for future use.
Enable FLASH Sleep Mode. Write to 1 to put FLASHO into sleep mode.
6 FLASHO_SLM_ 0x0 WO NOTE: there is a 5 us latency after waking FLASH until the first access will
ENABLE be returned.
Disable FLASH Sleep Mode. Write 1 to wake FLASHO from sleep mode
5 FLASHO_SLM_- 0x0 WO | (reading the array will also automatically wake it)
DISABLE 9 Y Y '
o [ [ LS Sien ot S ] tes NaLFLASHO o 1 sep e O
STATUS '
3 RSVD 0x0 RO This bit field is reserved for future use.
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Table 240: CTRL Register Bits

Bit Name Reset RW Description
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 bit field invalidates the FLASH cache contents.

3.10.3.1.2.3NCROSTART Register

FLASH Cache Noncacheable Region 0 Start

OFFSET: 0x00000010

INSTANCE 0 ADDRESS: 0x40018010

FLASH Cache Noncacheable Region 0 Start

Table 241: NCROSTART Register

1

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

RSVD ADDR RSVD
Table 242: NCROSTART Register Bits
Bit Name Reset RW Description
31:27 RSVD 0x0 RO This bit field is reserved for future use.
26:4 ADDR 0x0 RW Start address for non-cacheable region 0
3:0 RSVD 0x0 RO This bit field is reserved for future use.

3.10.3.1.2.4NCROEND Register

FLASH Cache Noncacheable Region 0 End

OFFSET: 0x00000014

INSTANCE 0 ADDRESS: 0x40018014
FLASH Cache Noncacheable Region 0 End
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Table 243: NCROEND Register

3132|222 2|2(2(2{1{1|1|1|1|1(1(1[{1|1]0]|0]|0 0|0
1,0(9|8|7|6 31210 4 1 9|8|7 2|1
RSVD ADDR RSVD
Table 244: NCROEND Register Bits
Bit Name Reset RW Description
31:27 RSVD 0x0 RO This bit field is reserved for future use.
26:4 ADDR 0x0 RW End address for non-cacheable region 0
3:0 RSVD 0x0 RO This bit field is reserved for future use.
3.10.3.1.2.5NCR1START Register
FLASH Cache Noncacheable Region 1 Start
OFFSET: 0x00000018
INSTANCE 0 ADDRESS: 0x40018018
FLASH Cache Noncacheable Region 1 Start
Table 245: NCR1START Register
312|222 2|2 2|1(1(1({1|1|{1|1|1|1(1(0[0]|0 0
10|98 |7|6 3/!2(1(0(9(8|7|6|5|4(3(2[{1|0|9|8]|7 2|1
RSVD ADDR RSVD
Table 246: NCR1START Register Bits
Bit Name Reset RW Description
31:07 RSVD 0x0 RO This bit field is reserved for future use.
264 ADDR 0x0 RW Start address for non-cacheable region 1
3:0 RSVD 0x0 RO This bit field is reserved for future use.

3.10.3.1.2.6NCR1END Register
FLASH Cache Noncacheable Region 1 End
OFFSET: 0x0000001C
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INSTANCE 0 ADDRESS: 0x4001801C

FLASH Cache Noncacheable Region 1 End

Table 247: NCR1END Register

3|12(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
110 8|7|6|5 3{2({1/0(9|8|7|6|5{4|3[2|1|0|9|8)7 5/4(3|2|1]|0
RSVD ADDR RSVD
Table 248: NCR1END Register Bits
Bit Name Reset RW Description
31:07 RSVD 0x0 RO This bit field is reserved for future use.
26:4 ADDR 0x0 RW End address for non-cacheable region 1
3:0 RSVD 0x0 RO This bit field is reserved for future use.

3.10.3.1.2.7DMONO Register
Data Cache Total Accesses

OFFSET: 0x00000040
INSTANCE 0 ADDRESS: 0x40018040

Data Cache Total Accesses

Table 249: DMONO Register

21

-
o
o
o

111111111
4.3(2|1(0]|9|8)|7

DACCESS_COUNT

Table 250: 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 u P :

3.10.3.1.2.8DMON1 Register

Data Cache Tag Lookups

OFFSET: 0x00000044
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INSTANCE 0 ADDRESS: 0x40018044
Data Cache Tag Lookups

Table 251: DMON1 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

DLOOKUP_COUNT

Table 252: DMON1 Register Bits

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

3.10.3.1.2.9DMON2 Register

Data Cache Hits

OFFSET: 0x00000048

INSTANCE 0 ADDRESS: 0x40018048
Data Cache Hits

Table 253: DMON2 Register

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

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

DHIT_COUNT

Table 254: DMON2 Register Bits

Bit Name Reset RW Description

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

3.10.3.1.2.10DMON3 Register
Data Cache Line Hits

OFFSET: 0x0000004C

INSTANCE 0 ADDRESS: 0x4001804C
Data Cache Line Hits
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Table 255: DMON3 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

DLINE_COUNT

Table 256: DMON3 Register Bits

Bit Name Reset RW Description

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

3.10.3.1.2.11IMONO Register
Instruction Cache Total Accesses
OFFSET: 0x00000050

INSTANCE 0 ADDRESS: 0x40018050

Instruction Cache Total Accesses

Table 257: IMONO 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

IACCESS_COUNT

Table 258: IMONO Register Bits

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

3.10.3.1.2.12IMON1 Register
Instruction Cache Tag Lookups
OFFSET: 0x00000054

INSTANCE 0 ADDRESS: 0x40018054

Instruction Cache Tag Lookups
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Table 259: IMON1 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

ILOOKUP_COUNT

Table 260: IMON1 Register Bits

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

3.10.3.1.2.13IMON2 Register
Instruction Cache Hits

OFFSET: 0x00000058

INSTANCE 0 ADDRESS: 0x40018058

Instruction Cache Hits

Table 261: IMON2 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

IHIT_COUNT

Table 262: IMON2 Register Bits

Bit Name Reset RW Description

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

3.10.3.1.2.14IMON3 Register
Instruction Cache Line Hits
OFFSET: 0x0000005C

INSTANCE 0 ADDRESS: 0x4001805C

Instruction Cache Line Hits
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Table 263: IMON3 Register

33 22|22 2(2|2(2|1|{1|1|1(1|1(1|1|{1|1|]0(0|0f(0|O0O[O0|O0O|O0O|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
ILINE_COUNT
Table 264: IMON3 Register Bits
Bit Name Reset RW Description

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

3.10.3.1.2.15FLASHOCFG Register
FLASH 0 Control

OFFSET: 0x00000100
INSTANCE 0 ADDRESS: 0x40018100
FLASH 0 Control

Table 265: FLASHOCFG Register

3 22|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|3 1 9(8|7(6|5[4|3|2(1]|0
o = S
=) é o) <
RSVD g 2 > o RDWAITO
o Z )
- -
Table 266: FLASHOCFG Register Bits
Bit Name Reset RW Description
31-14 RSVD 0x0 RO This bit field is reserved for future use.
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 operations,
1312 LPMMODEO 0x0 RW but asserted while FLASH IDLE.
ALWAYS = 0x2 - Low Power mode. LPM always asserted for reads.
LPM_RD_WAIT must be programmed to accommodate longer read access
times.
Sets FLASH wait states when in LPM Mode 2 (RD_WAIT in LPM mode 2
11:8 LPMRDWAITO 0x8 RW | only)
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Table 266: FLASHOCFG Register Bits

Bit Name Reset RW Description
7 RSVD 0x0 RO This bit field is reserved for future use.
64 SEDELAYO 0x7 RW Sets SE delay (FLASH address setup). A value of 5 is recommended.
Sets read wait states for normal (fast) operation. A value of 1 is recom-
3:0 RDWAITO 0x3 RW | mended.

3.10.3.1.2.16FLASH1CFG Register
FLASH 1 Control

OFFSET: 0x00000104

INSTANCE 0 ADDRESS: 0x40018104
FLASH 1 Control

Table 267: FLASH1CFG Register

3|2|2|2|2(2|2|2|2|2|2|1|1|1][1]|1|1|1|1|1|1|0|0o|0o|0|0]|0|0|0O 0
1/0(9|8|7|6|5[4(3|2|1]0 4|3 1(0(9|8|7|6|5[4(3|2[|1]0
= e -
VY E
=) $ ol %
RSVD g 3 a2 @ RDWAIT1
s o x| O
o = u
- %

Table 268: FLASH1CFG Register Bits

Bit Name Reset RW Description
31-14 RSVD 0x0 RO This bit field is reserved for future use.
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 operations,
1312 LPMMODET 0x0 RW but asserted while FLASH IDLE.
ALWAYS = 0x2 - Low Power mode. LPM always asserted for reads.
LPM_RD_WAIT must be programmed to accommodate longer read access
times.
Sets FLASH wait states when in LPM Mode 2 (RD_WAIT in LPM mode 2
11:8 LPMRDWAIT1 0x8 RW | only)
7 RSVD 0x0 RO This bit field is reserved for future use.
64 SEDELAY1 0x7 RW Sets SE delay (FLASH address setup). A value of 5 is recommended.
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Table 268: FLASH1CFG Register Bits

Bit

Name

Reset

RW

Description

3:.0

RDWAIT1

0x3

RW

Sets read wait states for normal (fast) operation. A value of 1 is recom-
mended.

3.10.3.1.2.17FLASH2CFG Register
FLASH 2 Control

OFFSET: 0x00000108
INSTANCE 0 ADDRESS: 0x40018108
FLASH 2 Control

Table 269: FLASH2CFG Register

3|3 22|22 2|2 2(1|1(1|1{1|(1;1(1|1(1|j0(0|0|O0fO0O|O0O(O0O|O0O[O0]|O
110 8(7|6|5 3|2 0 4|3 1 9(8|7(6|5[4|3|2(1|0
N £ o
a s a z
RSVD g 2 > o RDWAIT2
o = B
= g
Table 270: FLASH2CFG Register Bits
Bit Name Reset RW Description
31-14 RSVD 0x0 RO This bit field is reserved for future use.
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 operations,
1312 LPMMODE?2 0x0 RW but asserted while FLASH IDLE.
ALWAYS = 0x2 - Low Power mode. LPM always asserted for reads.
LPM_RD_WAIT must be programmed to accommodate longer read access
times.
Sets FLASH wait states when in LPM Mode 2 (RD_WAIT in LPM mode 2
11:8 LPMRDWAIT2 0x8 RW | only)
7 RSVD 0x0 RO This bit field is reserved for future use.
64 SEDELAY2 0x7 RW Sets SE delay (FLASH address setup). A value of 5 is recommended.
Sets read wait states for normal (fast) operation. A value of 1 is recom-
3:0 RDWAIT2 0x3 RW | mended.
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3.10.3.1.2.18FLASH3CFG Register
FLASH 3 Control

OFFSET: 0x0000010C

INSTANCE 0 ADDRESS: 0x4001810C
FLASH 3 Control

Table 271: FLASH3CFG 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|l0|0|0f0|0|0O|0O]|0O
1(0(9|8|7|6|5[4[3|2|1]0 4|3 1 9|8 |7|6|5[4[3[2]1]0
2 2 o
a < a| =
RSVD g 2 o @ RDWAIT3
s o x| O
o = u
- %

Table 272: FLASH3CFG Register Bits

Bit Name Reset RW Description
31-14 RSVD 0x0 RO This bit field is reserved for future use.
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 operations,
1312 LPMMODES3 0x0 RW but asserted while FLASH IDLE.
ALWAYS = 0x2 - Low Power mode. LPM always asserted for reads.
LPM_RD_WAIT must be programmed to accommodate longer read access
times.
Sets FLASH wait states when in LPM Mode 2 (RD_WAIT in LPM mode 2
11:8 LPMRDWAIT3 0x8 RW | only)
7 RSVD 0x0 RO This bit field is reserved for future use.
6:4 SEDELAY3 0x7 RW Sets SE delay (FLASH address setup). A value of 5 is recommended.
Sets read wait states for normal (fast) operation. A value of 1 is recom-
3:0 RDWAIT3 0x3 RW | mended.
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3.10.3.2 Flash Memory Controller

Request \
"l Translator g
AHB Slave
(ICode)
)
«| Request -
Translator
AHB Slave
(DCode)
-
«| Request N
Translator
AHB Slave
(Info Space) Flash
< Instance
APB S| q
ave -
Control Timing
<—>»| (Control |« P . < P
Regs) Registers Control
-
<
.| Request -
APB Slave ) Translator
i P | Config P o Copy
(gggg)g Registers Engine /
-

A

Figure 5. 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 6. 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 1I/D Bus or DMA Bus). DTCM’s cannot be used for DMA, but all other SRAM is
fine.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
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requester (CPU I/D Bus or DMA Bus). DMA accesses to Main SRAM are always 0-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 6 shows a logical block diagram of the SRAM Interface, where n = 21 for this MCU.
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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 Plus 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)
= Secure Boot (optional)

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

NOTE

Secure Boot requires Apollo3 Blue Plus Secure. Contact Ambiq sales if you are
interested in this feature.

The Secure Boot feature on the Apollo3 Blue Plus SoC provides a secure foundation for customer
firmware. The secure boot loader provides authentication, decryption and integrity validation for customer
firmware on installation and boot/reset. Secure boot loader provides firmware recovery and OTA update
support.

Secure boot is configurable leveraging OTP to direct the secure boot loader based on the customer
security requirements. See “Flash OTP INSTANCEO INFOO Words” on page 923.

A high level flow diagram of the Secure Boot process is illustrated in Figure 8. See separate Security
document(s) for more details.

Boot/Reset
A 4

Ambiq Secure I?oot | Error ERROR
Loader Execution

Secure OTA Update?

yes—» Perform OTA updates

no

v

Perforn.w Dgc/Auth | Error ERROR
Validation

Customer Secure
Firmware Execution

Figure 7. Secure Boot Flow
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4.3 Standard Boot

The boot loader for standard boot on the Apollo3 Blue Plus 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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4.4 Secure OTA

The Apollo3 Blue Plus 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

4.5 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 Plus 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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4.6 External Flash In-line Encrypt/Decrypt

External flash is supported on 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 243.
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5. DMA

5.1 Functional Overview
The Apollo3 Blue Plus 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.

NOTE

The 64K low-latency tightly-coupled memory (TCM) cannot be used for DMA.
All other SRAM is available to be used for DMA.

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 1-32 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.
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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.

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

A

RC XTAL cmd
Mgt

32MHz | | 32MHz Pwr Me Queue

128kB ROM DMA

BLE 32b Controller

42kB RAM Bus
Interface
Regs
RF Modem Baseband | | Security

INTs

Figure 10. Block Diagram for the Bluetooth Low Energy Controller

6.1 Functional Overview

6.1.1 Introduction

The Apollo3 Blue Plus 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 BQ). 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 143). 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
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6.3.1 Register Memory Map

Table 273: 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 273: 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 274: 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 275: 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 276: 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

DS-A3P-1p3p0 Page 210 of 1037 ©2022 Ambiq Micro, Inc.
All rights reserved.




Apollo3 Blue Plus SoC Datasheet

Table 277: 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 278: FIFOTHR Register

33 22|22 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 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 279: 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 279: 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 280: 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 281: 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 282: 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 283: 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 284: 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 285: 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 286: 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 287: 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 288: 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 289: 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 290: CMD Register

312|222 2|22 1/1|1(1|{1(1;1|1|1|1({0|0(0|0(0O|O0O|O0O|O0|0]|O
1/0(9(8|7]|6 3(2|1 9 8|7(6|5(4|3(2|1(0|9|8|7|6|5(4|3|2(1]|0
< 2
g | 2 AR:
OFFSETLO S | g TSIZE Z| 1 CMD
i Q| »
» | = O
¥ | © w
o
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Table 291: 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 292: 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 293: 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 294: 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 295: 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 296: CMDSTAT Register

313 2(2|2(2|2|2|2|2(1|1(1]|1[1]|1]1]|1 110/0(0/{0(O0O|O0OfO|O0O[O0]|O
110 7(6|5(4|3|2(1|0 4 0(9|8(7|6|5|4 3 (2|10
<
RSRVDO CTSIZE Cg CCMD
=
O
Table 297: 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 298: INTEN Register

3|3 2|12(2|2(2|2(2|2(2|1|1|{1|1{1|1(1|1(1|1(0|]0(0|0|O0|0|O0[O0]|O0(O

110 8, 7|6|5/4(3|2|{1]0|9)|8 5|4 1/,0(9(8(7(6|(5(4(3(2(1/0
Z W o) =

o> |G w hlKe} — a

== xr o = = | =

= | W n|x o X |n L =

RSVD 20zlH|522|2|8|c|2|3|2(52(2|8|3

s |<|8g|g|x|B|8|e|m|a|L|T|0|5|F

§§NOOO w | oL |7 =

N Y m = |0 O
Nlm O o
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Table 299: 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 299: 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 300: INTSTAT Register

33 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 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 %Od%%i%%%oﬁoggg%g
UJ%EOOQ_ODOL_'IJL_)Q:NODFE
= 5|8 |99|a 4la R (@)
D lm @ &) o
Table 301: 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 301: 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 302: INTCLR Register

21

o
o
o
o

1111

-
-
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o
o
o
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RSVD

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

Table 303: 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 303: 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 304: INTSET Register

3|3 212|222 2 2 1(1(1(1]1]1 1/1(1(0f(0f0fO0fO0OfOfOfO0OfO0(O
110 8|7|6|5|4 2 0 5|4 1/,0(9(8(7(6|5(4(3(2(1/0
Z |w ) =
o> w Z\|o I o
== x| o = = |
[T wlx| o Xliaolo L =
RSVD 2ola|E|52|%|13(2|c|2I212|2|2|£18
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Table 305: INTSET 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 0x0 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
Command queue error during processing. When an error occurs, the sys-
13 CQERR 0x0 RW tem WI|.| stop processing and halt operations to allow software to take recov-
ery actions
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
12 CQUPD 0x0 RW | unused and bit 0 can be used to trigger an interrupt to indicate when this
register write is performed 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
11 CQPAUSED 0x0 RW | 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
10 DERR 0x0 RW DMA grror coulq occur vyhen the memory_ access specified in the DMA oper-
ation is not available or incorrectly specified.
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 gerLE Core is asserted, indicating that SPI writes can be done to the BLE
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Table 305: 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 306: DMATRIGEN Register

111111
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DTHREN
DCMDCMPEN
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Table 307:

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: Ox

00000234

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 308: DMATRIGSTAT Register

-
-
-
-
-
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

DTOTCMP
DTHR
DCMDCMP

Table 309: 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 309: 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 310: DMACFG Register

33 22|22 2, 2,2,2{1{1{1{1{1{1{1{1{1;1;,0,00|0|0|0|0|0|0]|0O0
110 8(7|6|5 3(2|1(0 4 1 9(8|7(6|5[4|3|2(1|0
"4 x z
RSVD & RSVD 2l<
= =2
=) a0
Table 311: 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 312: 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 313: 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 314: DMATARGADDR Register

3|13(2(2|2(2|2(|2|2]|2 2(1(1(1|(1|(1|1|1|1|1|(1|0|l0f0f0fO0O|O0O|O0O|O0O|0O]|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
0]
N
5
RSVD |2 RSVD TARGADDR
Qg
4
=
Table 315: DMATARGADDR Register Bits
Bit Name Reset RW Description
31:29 RSVD 0x0 Ro | Reserved
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Table 315: 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 316: 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 321098765432 |1/0|9,8|7|6|5|4|3|2|1]|0
Tla|e
RSVD Wk
=22
alo|e
Table 317: 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 318: CQCFG Register

313(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]|0
1/0(9(8(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 319: 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 320: CQADDR Register
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Table 321: 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 322: CQSTAT Register
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Table 323: 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 324: 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 325: 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 326: 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 327: 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 328: 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 329: CQPAUSEEN Register Bits

Bit Name Reset RW Description
31:16 RSVD 0x0 Ro | Reserved
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Table 329:

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 330: CQCURIDX Register

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

110,9(8|7|6 3|2 0 4 1 9(8|7(6|5[4|32(1|0
RSVD CQCURIDX
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Table 331: 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 332: 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 333: 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.
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Table 334: STATUS Register
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Table 335: 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 336: 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 337: 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 337: 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 338: 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 339: 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 339: 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.
5:4 DCDCFLGCTL 00 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 340: PWRCMD Register

3(3 22|22 2(2|2(1|1(1|1|1(1|1(1|1{1|0|{0(0|O0Of(O0O|O0Of(O0O|O[O0]|O
110 8(7|6|5 2(1|0 4 1 9(8|7(6|5[4|3|2(1|0
2|2
RSVD i
0| £
x|z
Table 341: 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 342: BSTATUS 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|o|ofo|o|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|0|8|7|6|5/4[3]|2|1]0
[0}

DS o|3|S|212] &

RSVD <) pwrsT |Z|BE5(SIZ| &

Y 22882 =3

m | Al || m
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Table 343: 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 00 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 344: BLEDBG Register
3(3 22|22 2(2|2(1|1(1|1|1(1|1(1|1{1|0|{0(0|O0Of(O0O|O0Of(O0O|O[O0]|O
110 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
oo |2
a|Oo |8
=
Table 345: 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 Multi-bit SPI (MSPI) modules which can be used to connect to external
memory devices or displays. The MSPI controller instances on the Apollo3 Blue Plus SoC, MSPIO -
MSPI2, comprise a set of two QuadSPI and one OctalSPI interfaces. All three interfaces support single,
dual and quad modes at speeds up to 48 MHz. In addition, MSPI1 supports octal mode up to 48 MHz. All
MSPI interfaces are pinned out to allow concurrent connection and operation for all three MSPI interfaces.
Each MSPI controller supports direct memory read/write (same as Apollo3 revision BO), XIP and DMA.
Direct read/write access bandwidth is the same as for Apollo3 Blue revision BO, but DMA bandwidth has
been improved.

NOTE
Double Data Rate (DDR) is not supported on the Apollo3 Blue Plus MCU.

Each 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).
Most devices use the same number of pins to transmit instruction, address, and data (for example, all are
quad or all are serial). However, some devices utilize mixed transfer modes to implement parallel data
transfer on top of an inherently serial command structure. These devices are supported by the MSPIn by
utilizing the XIPMIXED configuration, which forces the MSPIn to switch into dual or quad modes of
operation for a portion of the transfer. To utilize mixed mode transfers, the MSPI's normal configuration
should be set to match the device's transfer characteristics for commands (usually serial), which allows the
MSPIn to communicate with the device in its native mode. The XIPMIXED field in the FLASHDEVnXIP
register should then be programmed to indicate whether the data phase (and optionally address phase) of
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the command should be performed in dual or quad mode. The MSPIn will automatically switch to the new
mode after transmitting the command to the device for all DMA, XIP, and XIP operations.

Each 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 MSPIn 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 MSPIn 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 MSPIn DMA interface will move data between the system and external flash and
interrupt when complete. The MSPIn 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 MSPIn will
execute the series of operations autonomously. The MSPIn can also power itself down at the end of DMA
or CQ operations.

While each MSPIn 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.

The Apollo3 Blue Plus SoC incorporates several new MSPIn features beyond those found in Apollo3 Blue.
The DMA address range has been expanded to support the larger flash and SRAM sizes, and the MSPIn
DMA/transfer length has been expanded to 24 bits to allow burst transactions of more than 64 KB.

The MSPIn module also contains:

= ADEVnBOUNDARYnN register which can be programmed to break a single long MSPIn DMA into
smaller transfers at periodic intervals (DMATIMELIMITn bit field).

Address boundaries (DMABOUNDN bit field) to provide breaks in DMA for XIP/XIPMM ftraffic and satisfy
the page crossing and maximum refresh times of external PSRAM devices.
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7.2 Configuration

NOTE

The DMATIMELIMIT is approximate since the MSPI will continue transmitting to
the next 32-bit word boundary before disengaging on the bus. For this reason, a
device requiring an 8 us maximum transmission time should be set to have
about a 7.5 us time limit.

NOTE

For DMABOUND to properly break at a page crossing, the DEVADDR for the
transfer must be 4-byte aligned. If a non-aligned starting edge of the transfer is
required, software should manually break the transaction into two parts, with the
first transaction ending on the page boundary. Failure to observe this limitation
will result in data loss as the MSPIn may write 1-3 additional bytes past the
boundary which will either wrap within the device's page or be discarded by the
device.

Each MSPIn 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 MSPIn 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 MSPIn transfer characteristics (CFG register) to initialize the device (usually mode 0, serial
transfers)

= Configure MSPIn PADOUTEN to enable the desired bits on the MSPIn 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).

Each MSPIn'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 MSPIn_CFG_DEVCFG field specifies both the transfer mode (serial, dual, quad, etc) as well as which
chip enable is used to access the device. The MSPIn_CFG_ISIZE and MSPIn_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). The same register also includes a WRITELATENCY field which can be used to insert
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wait states between write address and write data in a manner similar to the TURNAROUND for read
operations.

NOTE

Each MSPIn 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.

©2022 Ambiq Micro, Inc.
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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

Each 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:

MSPIn(mspiModule)->DMATHRESH=8; // Issue new DMA at FIFO half empty/full condition
MSPIn(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:

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

Each 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

For Apollo3 Blue Plus SoC, 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 0x52000000-0x53FFFFFF for MSPI0. 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. MSPI1 and
MSPI2 are similarly mapped at 0x54000000 and 0x56000000, respectively. 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,
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internal SRAM should be used for frequently accessed data and XIP should be used for infrequently
used data.

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 346: 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 12 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
and the other two MSPI 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 347: 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 347: CQFLAGS

Bit Type Mnemonic Description/Use

Buffer 1 Ready Status (from selected IOM/MSPI).
13 Hard BUF1XOREN | This status is the result of XOR'ing the IOM1START with the incoming status
from the IOM. When high, MSPI can transfer the buffer.

Buffer 0 Ready Status (from selected IOM/MSPI).
12 Hard BUFOXOREN | This status is the result of XOR'ing the IOMOSTART with the incoming status
from the IOM. When high, MSPI can transfer the buffer.

" 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.

Buffer 0 Ready Status. IOM Buffer 0 Ready Status (from selected IOM).

8 Hard QSQASENESRDE:\I 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 s s | e e e
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
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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.

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 modules 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 or MSPI device is paired with the MSPI.

With three MSPI modules on the Apollo3 Blue Plus SoC, the MSPI/IOM handshaking supports MSPI-to-
MSPI handshaking as well. The target MSPI is selected in the same manner as an IOM in the IOMSEL
field. The CQPAUSE flags on the MSPI have also been updated to include a BUFNXNOR function, which
is required for an MSPI that is a consumer of data.

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/MSPI device. 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 bufferQ 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
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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
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.

MSPI0-MSPI2 support 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.

Note that for MSPIO and MSPI2, the CE1 pin is only used if reversing the CE connections by setting the
MSPI_PADCFG_REVCS bit.

Table 348: MSPI0 Pin Muxing (Single, Dual or Quad)

Pin Name Direction GPIO Description | SO | S1 | DO | D1 | Q0 | Q1
7,10, 15, 19, 20, 27, 28, 30, 37, 44,

MSPI0.0 | Output 56, 57. 56, 59, 61, 65, 66, 66, 69, 73 | MSPIOCEQ | O 0 0
MSPI0.1 | Output 12,32,36,41,43,46, 60, 62, 64 MSPIO CE1 0 0 o
MSPI0_8 | Output 24 MSPIOCLK | o o | o | o | o] o
MSPI0_3 | Input/Output 23 MSPI0 Data X

Bit 3
MSPI0_2 | Input/Output 4 MSPI0 Data X

Bit 2
MSPIO_1 | Input/Output 26 MSF[;'S 1Data X X
MSPI0_0 | Input/Output 22 MSF;'S g)ata o X X

Table 349: MSPI1 Pin Muxing (Single, Dual, Quad or Octal)

Pin Name Direction GPIO Description | SO | S1 | DO | D1 | Q0 | Q1

0,7,9, 15,21, 25, 31, 32, 35,

MSPI1.0 | Output 42,46, 48, 61, 63, 69 MSPI1 CEO o o} o}
MSPI1.1 | Output 10, 33, 41, 59, 62, 66, 70 MSPI1 CE1 O ) O
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Table 349: MSPI1 Pin Muxing (Single, Dual, Quad or Octal)

Pin Name Direction GPIO Description | S0 | S1 ( DO | D1 | Q0 | Q1
MSPI1 DM/

MSPI1_9 | Input/Output 60 Pas

MSPI1_8 | Output 59 MSPI1 CLK (¢} o) e} 0 o 0

MSPI1_7 | Input/Output 58 MSPI_1 Data .
Bit 7

MSPI1_6 | Input/Output 57 MSPI1 Data N
Bit 6

MSPI1_5 | Input/Output 56 MSPI.’I Data | X .
Bit 5

MSPI1_4 | Input/Output 55 MSFI;Ii: fata o N .

MSPI1_3 | Input/Output 54 MSPI1 Data X
Bit 3

MSPI1_2 | Input/Output 53 IVISPI.1 Data N
Bit 2

MSPI1_1 | Input/Output 52 MSFéIi: 1Data X N

MSPI1_0 | Input/Output 51 MSFl;Ii: g)ata o X N

Table 350: MSPI2 Pin Muxing (Single, Dual or Quad)

Pin Name Direction GPIO Description | SO | S1 | DO | D1 | Q0 | Q1
2,8, 12, 16, 17, 18, 21, 27, 30, 31, 34, 35,

MSPI2.0 | Output 41 43 46 53 54 63, 70 MSPI2 CEO | O 0 0
MSPI2.1 | Output 0,7, 14, 20, 29, 38, 48, 61 MSPI2 CE1 0 0 o
MSPI2_4 | Output 68 MSPRCLK | o o | o | o] o] o
MSPI2_3 | Input/Output 67 MSPI2 Data X

Bit 3
MSPI2 2 | Input/Output 66 MSPI2 Data X

Bit 2
MSPI2_1 | Input/Output 65 Msg'if 1Data X X
MSPI2_0 | Input/Output 64 MSF;'if g)ata o 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.
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Table 351 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
adjusted accordingly. For example, if PADCFG_OUT3 is set to move the CLK pin from MSPIn_8 to
MSPIn_3 (serial or dual mode), then the PADOUTEN_OUTEN field must be adjusted accordingly, e.g.,
0x101 becomes 0x009.

Table 351: 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 348 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 352.

Table 352: 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 352: 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/Packa