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Features

Ultra-low supply current:
- 6 pJA/MHz executing from flash at 3.3 V
- 6 YJA/MHz executing from RAM at 3.3 V
- 1 pAdeep sleep mode (BLE Off) with RTC at 3.3 V

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 module

- RF sensitivity: -93 dBm (typical)

- TX:3mA@ 0dBm, RX: 3 mA

- Tx peak output power: 4.0 dBm (max)
Ultra-low power memory:

- Up to 1 MB of flash memory for code/data

- Up to 384 KB of low leakage RAM 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

available

- Voltage Comparator

- Temperature sensor with +/- 3°C accuracy after calibration
ISO7816 Secure interface
Flexible serial peripherals:

- 1x 2/4/8-bit SPI master interface (MSPI)

- 6x I2C/SPI masters for peripheral communication

- I2C/SPI slave for host communications

- 2x UART modules with 32-location Tx and Rx FIFOs

- PDM for mono and stereo audio microphone

- 1x IS 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 Ambig’'s AM08X5/18X5 families

Wide operating range: 1.755-3.63 V, —40 to 85°C

1. The Bluetoothe word mark and logos are registered trade-
marks owned by the Bluetooth SIG, Inc. and any use of such
marks is under license. Other trademarks and trade names
are those of their respective owners.
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Ultra-Low Power MCU Family

Compact package option:
- 3.37 x 3.25 mm(<0.35mm thk pkg) 66-pin CSP with 37 GPIO
- 5x5mm (<0.5mm thk pkg) 81-pin BGA with 50 GPIO

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 applica-
tions

Description

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

The Apollo3 Blue brings several new features to Ambiqg’s SPOT-
based Apollo MCU Family including an integrated DMA engine,
QSPI interface, and advanced stepper motor control for ultra-low
power analog watch hand management. With unprecedented
energy efficiency and PDM microphone inputs, the Apollo3 Blue
also forms the core of Ambig's Voice-on-SPOT™ reference
platform making it the perfect device for customers who want to
add always-on voice assistant integration and command
recognition to battery-powered devices. To increase design
flexibility and enable connections to the phone and cloud, the
Apollo3 Blue provides a dedicated second core for the ultra-low
power BLE5 connectivity platform providing superior RF
throughput and leaving plenty of resources available for user
applications.

Typical Application Circuit for the Apollo3 MCU
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INT1CLR Register BitS.......cccceecueeiieriiieiiecieeenee.
INTISET RegISter.....cccuvveeiiieeiiiecieeeeieeeeeee e
INTISET Register Bits.......cccccoevieieiieiciieciieeieee
CLKGEN Register Map ........cccecvevieeniienieeireeenen.
CALXT ReZISteT...ccuvveeiieeiie e
CALXT Register Bits.......cccooceviienieiiinnie e,
CALRC ReISter....ccuiiiiiiiieeiie e e
CALRC Register BitS.......cccccevvvvieiiiieeiiiecieeeeieeee,
ACALCTR Re@ISEr ...coveiiiiecieciieniiecneciece e
ACALCTR Register Bits.........cccevevienienieeiieenee.
OCTRL RegISteT..ccuuvieeiiieeiiie e
OCTRL Register Bits ........cccccevenieninninecieiieneene.
CLKOUT RegISter......ccuverrieiieeiieeieeeiieniie e ees
CLKOUT Register BitS .......ccccccveereireiiieceeeeieeeee
CLKKEY RegiSter......cccceveiirniienieeiieniieiie e
CLKKEY Register BitS .......cccccccvveeiieriieniieeiecieeen.
CCTRL Re@ISter ..c.evveeeeivieeiiiiecieeeeeie et
CCTRL Register Bits........cccoceevieeiieniieiiecie e,
STATUS ReZISter....ccevviieiiieeiieeeiie e
STATUS Register Bits .......ccccoveevirieeeiieeeiie e,
HFADJ REISET ....oevneiiieciieciieeeeee e
HFADJ Register Bits........cccceviiiriiiienieeenieeeeieeee,
CLOCKENSTAT RegiSter.....ccccceevveeecveeenreeeneenne
CLOCKENSTAT Register Bits........ccccceveverieenennen.
CLOCKEN2STAT Register.....ccceeevveecveeenreeeereeene
CLOCKEN2STAT Register Bits.........ccccccveeevvenneee.
CLOCKEN3STAT Register......cccccceeeviierireeirenennen.
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CLOCKENS3STAT Register Bits.........cccceeuveeevvenneee.
FREQCTRL RegISter ......ccovveeieieciieceie e
FREQCTRL Register Bits.........cccceveeeieeiiiniienee,
BLEBUCKTONADJ Register........cccceevveernvveenieennns
BLEBUCKTONADIJ Register Bits .........cccccoceenuennen.
INTRPTEN Re@iSter......cccovieiieeieeiieeiieiie e
INTRPTEN Register Bits........ccccoeevvieviieenieeenieenee.
INTRPTSTAT RegiSter.....ccevvveveenieeieniieniinicncneens
INTRPTSTAT Register Bits ......cccccceevvierieeirenennen.
INTRPTCLR RegiSter .......ccceevveeieiieeiee e
INTRPTCLR Register Bits........ccccoeeeveneiienienennn.
INTRPTSET Re@ISter.....ccccuiiiiieiieiiecieeieeeiee e
INTRPTSET Register Bits ......ccccccoveevvieenieeeiiennee.
Alarm RPT Function .........ccocceeveeieriencnncnecnieeeenne.
RTC Register Map.......ccceeveeeieeieeneieiieeiie e
CTRLOW ReISteT .....cvvreeiiieeiieeceieeeciie e
CTRLOW Register Bits..........ccoceeciienciinniienieeeen.
CTRUP Re@IStEr ...cecvveeiiiiiiieiieeiie e
CTRUP Register Bits.........cccceveveeerieeeeieeecieeeeieeee
ALMLOW RegISter .....cceeeiiiiiiiieciie et
ALMLOW Register Bits .......ccccceeeviiieniiienieeeeens
ALMUP REZIStET ...cuvveeeiiiieeeirieeieeeeieee e eeve e
ALMUP Register Bits .......cccccceeviienieeieeieniieneene
RTCCTL Re@ISter......cccvvvieeiieiiie e
RTCCTL Register Bits.......ccccccvveeeeiieiciieeeeeeieeeee,
INTEN REZISIET ...eevveeiiiiiiieiie e
INTEN Register Bits .......ccccceveiieniiienieeeieeeieeee,
INTSTAT RegISter ..ceevuviieiiiciieiiieniieecececie e
INTSTAT Register BitS.......cccceeveeveerveeiieniieeeienenn
INTCLR REZIStET ....vveeiiieeiiie e
INTCLR Register Bits .......cccccovuevervienecnienienienennen.
INTSET RegISEr ...cvveeeiieiiieiieeeie et
INTSET Register Bits........ccccceevvvriiiieniieeeeeeeieeee,
Counter/Timer Pad Configuration.............ccceeueenee.
CTIMER Pad Input Connections.............ccccveervennnen.
CTIMER Register Map ......cccccccveevceeeeceeeeeeeeiee e
TMRO REZISET ...
TMRO Register Bits........ccccoevievieeciiniieiie e,
CMPRAOQO REgISter.....cccvviiiiiieeiiieciieeceee e
CMPRAO Register Bits ........cccoecveecierceinniiecieeieeee.
CMPRBO ReZISter .....ccvvvveiiieiiiieeieeeeieeeeieeeeee e
CMPRBO Register Bits.........cccoveeeieeeiieeeiie e,
CTRLO REZIStEr....cccvveeiiieiiieiieeiie e
CTRLO Register Bits ........cccceeveveeenieeeiieeeieeesieeee,
CMPRAUXAOQD ReISter .....covuveeeieiieiieeiie e
CMPRAUXAQO Register Bits........cccceeeveeriierieenennen.
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CMPRAUXBO RegISter ......cceevvveriieeieeeieeeeiee e
CMPRAUXBO Register Bits.........cccceeveeeeiveeereennee.
AUXO REZISLT ..eovvieiieeeieeiieeiieiie e e
AUXO0 Register Bits.......ccccevvuveenieeerieeenieeeiie e
TMRI REZISET ...t
TMRI1 Register Bits........cccevviienienieiieiieieeeeenn
CMPRAT RegISter.....cccvvieriiieiieieeiieeeiie e
CMPRALT Register Bits ........ccccevceeveeiienieninniincnens
CMPRB1 ReISter .....ocviiiiieiieciieeiieeeieeie e
CMPRBI Register Bits.......ccccccvveeviieeniiienieeeieeee.
CTRLT ReZIStET.....ceueeuieiviiniireinieciecie e
CTRL1 Register BitS ........cccoovevieeciiiniieiie e,
CMPRAUXAT RegiSter ......cccevuveeviieeereeeiieeereeenee.
CMPRAUXALI Register Bits........cccoeoevevriienieenennen.
CMPRAUXBI Re@iSter ......ccccevvveeveecrieiieniieeirenenn
CMPRAUXBI Register Bits.........cccceeveeerieeeniiennee.
AUXT REZISLOI ..ot
AUXI1 Register Bits........cccoeeriieniieiiecieeieeieeeeene,
TMR2 REZISLEr ....eeeviiieiiiieiie et
TMR2 Register Bits........ccccoevievieiiieiieiieeie e,
CMPRA2 REEIStr ....cecivieeiiieeiiieeieeeeie e
CMPRAZ2 Register Bits ......cccccccveeviiievieeeiieeeieeee.
CMPRB2 REZISter ....eocevieiiieiieeiie e
CMPRB2 Register Bits.......cccccovveeeeiieeiiienieeeeieeeee,
CTRL2 ReGIStEr....cotuieeiieeiiieiiesiie et
CTRL2 Register BitS ........cccocvevieeieeiiiiieieeeieenn
CMPRAUXA2 ReZISteT ...evvveeirieceireecieeeceieeeeevee e
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CMPRA3 REZISIET ....eeeveeiiieiieeiie e
CMPRA3 Register Bits .......ccccceeeeiiienieeecieceeieeee,
CMPRB3 REIStEr ....eeevveeiiiiieiie e
CMPRB3 Register Bits........ccccccvveviieniieniecieeeeen.
CTRL3 ReZISteT....cuvieeiiieeiiie e
CTRL3 Register BitS ........cccoeeevieeiiieniieiieeieceeen
CMPRAUXA3 REZIStET ..ccuvvveeirieeiree e
CMPRAUXA3 Register Bits........cccccevveeeviieeereennen.
CMPRAUXB3 ReISter .....cocveevieiieeiieniie e,
CMPRAUXB3 Register Bits.......ccccceevveeeniieeniiennnen.
AUX3 REZISLET ..evveevieriieiciecieciie e
AUX3 Register Bits........cccceeeieriiniiecie e,
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TMR4 REZISLET ...eeeevieeiieciie et
TMR4 Register BitS......c.cccovveeciieniiiecieeece e,
CMPRA4 REGISIET ..ot
CMPRA4 Register Bits .....ccccoveueeeviieenieeeiieeeiieen,
CMPRB4 ReGISter .....ocuveeiiiiiiesiieciieeeeeeeeee e
CMPRB4 Register Bits.......cccceveveecierciieniieeie e,
CTRLA ReGISter....c.uvveeieieeiiiecieeecie e
CTRLA4 Register Bits ......ccccocuevirvenceinecienienieeeeene
CMPRAUXA4 REGISET ....eeenvveeereeiieeeeeiie e
CMPRAUXAA4 Register Bits.........ccceeeeveeeceeenneenee.
CMPRAUXB4 RegISter .....c..cocueremneereeiecienienaennen
CMPRAUXB4 Register Bits........cccoecvvenivenieeneennen.
AUXA REGISLET ...vvveeiiiieciiiiecieeeceie e eveeeae e
AUX4 Register Bits........coccceerviiinieiiecicieeiie e
TMRS REZISLET ..eevviiiieiieciieciieieeiee e
TMRS Register BitS......c..ccovvieiiiieiiiecieeceeeeeeee,
CMPRAS REZISET ....eoeveeiiiieiie e
CMPRAS Register Bits .......ccceevveeciieniieiieeiecieenen.
CMPRBS RegISter .....cccvvveeiiieeiiiecieee e
CMPRBS Register Bits........ccccoeciiviieniieniecireeee.
CTRLS ReGISteT...cceuvveeiiieeiiiecieeeeeeece e
CTRLS Register Bits .......ccccceeeciieviiiecieeeceeeeee,
CMPRAUXAS REGIStET ....eeevveeeieeiieeiieiie e
CMPRAUXAS Register Bits........ccceevveeeviieereiennen.
CMPRAUXBS RegISter .....c..ccccevienernvinecieeieneenne.
CMPRAUXBS Register Bits........ccccoevveeveieeiienenne.
AUXS REZISLET ...uvveeiivieeiiieciiee et
AUXS Register Bits.......cocceouiriininninicicicnieneen.
TMRO REZISIET ...t
TMRG6 Register BitS........ccocvvevviiiriiiieeiieceeeeee e,
CMPRAG REGISLEr.....ccuviriiiiiriiieciecieriieseceeceeens
CMPRAG Register Bits ........cceecveeiieriieniieeieeieenen.
CMPRBO6 RegISter ......ccuvvveuiieeiiieciiiecieeeceee e
CMPRB6 Register Bits........ccccoveeeieeciiniieniecieen.
CTRLO REZISLET....cccvveeiiieiiieiieeiie e
CTRL6 Register Bits .......cccceeveeeeiiiiecieeecieeeeieeee,
CMPRAUXAG RegiSter ......ccccevcuveueeriieniieeieeeeen.
CMPRAUXAG6 Register Bits........cccoeeeeveniieniecnennen.
CMPRAUXBO6 RegiSter .......cccccveuerieniiniieeieenenne.
CMPRAUXB6 Register Bits........ccceocvevriieniecneneen.
AUXO REGISLET ....veeeieieciie et
AUX6 Register Bits.......cccceecuveeeiiiecieeecieeeie e
TMR7 REZISET ..ot e
TMR7 Register BitS........cccovvveriiieniiieieeeie e,
CMPRAT7 REGISET ...
CMPRAT Register Bits .......ccceeveeieecieniieiieeiieen.
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CMPRB7 ReZIStET .....ccvvieeiiieeiiieeieeecieeee e
CMPRB7 Register Bits.......c.cccoovvereiieeciieceeeeieeeee
CTRL7 REZIStET ....cecvveeiieeiiieiieeiie et
CTRL7 Register Bits .......ccccceevvieeniieenieeeieeeieeee,
CMPRAUXAT ReZIStEr ....ccveeuriniiiiriieciecienneenne.
CMPRAUXAT7 Register Bits........cccceevveerierirennennen.
CMPRAUXB7 REZISET ....vvveeirieeeirieeieeeeieeeeevee e
CMPRAUXB7 Register Bits.......cccccccerieninnienccneens
AUXT REZISLET ..ccvvieiieciiecieeiieiee et
AUXT Register BitS......cc.coovieerciieiiiieccieeceee e
GLOBEN Re@ISter.....ccueruiiniiriiecieeieniieneeeeenenens
GLOBEN Register BitS ........ccccocveeciieriieniiecieceeen.
OUTCFGO RegISter......uvvvviiieeieieeieeeeieeeeieee e
OUTCFGO Register Bits ........cccceeeievieinniieiieeeen,
OUTCFGI Re@ISter......ueeciiieiieeiiecieeeeeiie e
OUTCFGI Register Bits .......ccccceevveeeeieeecieeecieeee,
OUTCFG2 RegISter ....c.ueiiiieiieeiieeieeeieeiie e
OUTCFG2 Register Bits ........ccccceeeueirciieniieeieenenen.
OUTCFG3 Re@IStET...euveieeiieeiieeiieeceeeeee e
OUTCFG3 Register Bits ........ccccueeuieriieniieniecienen,
INCFG ReZIStEr ...ccuuvieeiiieeiiiecieie e
INCFG Register Bits ........ccccceeeeierciiieeieeecieeeeieeee,
INTEN REZISIET ...eevveeiiiiiiieiieeiie et
INTEN Register Bits ........cccccevviieniieenieeeieeeieen,
INTSTAT RegISter ....ocueiiieiieeiieeeeeeeee e
INTSTAT Register BitS........cccoecvevveeiieniieniieeiienenn
INTCLR REZIStET ...ovveeviiieeiiie e
INTCLR Register Bits .......cccccocueverieirecienieninneeneen.
INTSET RegISer ..ccvveeeieeiiiiieeiie et
INTSET Register Bits........cccccecvveeviiieniieenieeeeieeee,
STIMER Register Map........ccocceeeeueriinennienecenens
STCFG REZISLET ...oovvieeieeiieiieiie et
STCFG Register Bits.......cccceevvireciieiiiieeeeecieeeeen.
STTMR ReZISEr....cueeeeuieeiiiiieiieeiie e
STTMR Register Bits .........ccccoevieeieeciieiieniecieen.
CAPTURECONTROL Register.........ccccceevervvennnnen.
CAPTURECONTROL Register Bits ...........cc.e.......
SCMPRO RegISter......ccvveeiiiiiieiieciie et
SCMPRO Register Bits ........cccceeeeeierieniieierreieiens
SCMPRI1 RegiSter......ccueeiieiiieiieiie et
SCMPRI1 Register Bits........coovveeriiieeniieeeiieciieen.
SCMPR2 REgIStET....ccccvveierieeeiieeeiie e eeree e
SCMPR2 Register Bits ........ccccoceevviienieniiieeenicennens
SCMPR3 ReEZIStET....ccovveeeiieeeiie e e
SCMPR3 Register Bits.......cccccveeeevieeciieeiieeieeeeeen.
SCMPR4 ReEgISter......ceeeviieeiieiiieiieeiie et
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SCMPR4 Register Bits.......cccccvvveevienciieniieeieeeen.
SCMPRS REZISET.....cuvvieiiieeiiie e
SCMPRS Register Bits .......ccccccieviienieiieeiienieeiias
SCMPRO REGISLET.....c.uvveeirieeiiieeirie et
SCMPR6 Register Bits ........ccceceeiiiinienieeieicnies
SCMPR7 ReZISter.....cceieiieiieeiiiiiieeiie et
SCMPRT7 Register Bits ......cccceeceeerieieniieenieeeeieeee,
SCAPTO REZISET ...veevverviiiiriiieciecie e
SCAPTO Register BitS.......ccceeveievieeciiiieiieciieen.
SCAPTI REZIStEr ....oovvevvieciiieciiiecieeeeeeeeee e
SCAPT1 Register Bits......cccccoeeueriininninececiees
SCAPT2 REZISLEr ..cuvveeeiieiiieiieeiie e
SCAPT2 Register BitS......cccccovveeeviieeeiieeeiie e,
SCAPT3 REZISLEr ..uvveevieeiiieiiesiie et
SCAPT3 Register BitS.......ccceeviievieeiiiiieieeeieenn
SNVRO REZIStEr .....ueeeeevvieeiiiiecieeeceeeceee e
SNVRO Register Bits.........ccccevviienieeiieiieieeieen
SNVRIT REZIStEr ...cocvveiiiiiiieiieeiie e
SNVRI Register Bits........cccceovveevciieieiieeeiie e,
SNVR2 REZISLEr ...covveiieeiiiiieniie et
SNVR2 Register Bits.......ccccoeevvivieiieiiiieeiieeieeeen.
SNVR3 REZISter .....veeeeviieceiieeciieeece e
SNVR3 Register Bits........ccccceeeiiiviiinieiieeieeiceie
STMINTEN RegISter......cccvvvviiieeirieeiiieeieeeeieeeeeen.
STMINTEN Register Bits .........cccccevievieeeeniinnee
STMINTSTAT Register.....cccccevvveriieeiieieeiieeiienenn
STMINTSTAT Register Bits.......ccccoeeeeerieeenieennnenn.
STMINTCLR RegISter .......cccoveeueriininiinecieeienenns
STMINTCLR Register Bits.........cccceeierieereenrinnnnns
STMINTSET RegiSter.....ccevvvuiieriiieniieecieeesiieeeeeenn
STMINTSET Register Bits ........cccccoveevveeienienienenne.
WDT Register Map ......cccecveervieiieniiecieeeeeeee e
CFG REZISIET ..uvvieeiie et
CFG Register Bits.......ccccoevieriieiieiieiieee e,
RSTRT REZISLEr ...eveevieeeiieiiieiieeiie e
RSTRT Register Bits........cccceeviiereiieenieeecieeeieeee,
LOCK REZISET .....eeeiiiiiieeiieeiieeiiesiie e
LOCK Register Bits.........cccueevueecierciieniieeieeeeniienns
COUNT REEISET ....uvveeeirieeiireeeiieeeciieeeeieeeeerieeenaeeenns
COUNT Register Bits........ccccceereirnieiieeieenieeiiens
INTEN ReEgIStET ...ccvvieeiiiieeiiieeiieeciieee e
INTEN Register Bits ........ccccceeeuieeeiiienieeecie e,
INTSTAT REGISEr ..eeeneieeieeeieeeieeie e
INTSTAT Register Bits......ccccccuveeviieenieeeieceieenns
INTCLR REZISter ..cuueiiieiieeiiieieeiie e
INTCLR Register Bits........ccccueevuiiriieniieniecireiens
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INTSET REGIStEr ....uvveeeiiieeiiiecieeeeieeeeieeeeie e
INTSET Register Bits.........cccceeevveiciiieiiiieeeieeees
RSTGEN Register Map ........ccceeeevieniienieeieeieiine
CFEFG REZISIET ..uveveeiiiieeieie ettt eee e
CFG Register BitS........cccceevviieiciieciieceie e
SWPOI REZIStEr .....ueviiiiiieciieciieieeeieeiie e
SWPOI Register Bits.......ccccoeeuveeviiienieeeieeeieee,
SWPOR ReEZISET ......eoueenieiiiieiieniierienececieeiie e
SWPOR Register Bits........ccccoeeveriieniieniecieceen.
TPIURST ReEZIStET....cccvvieeiiieeiiieeceieeeeie e eeieens
TPIURST Register Bits .......cccccevveeveiieniininicnene.
INTEN ReEZISIET ....eeovvieiiieiieeiie et
INTEN Register Bits ........cccceeviieiiiienieeeie e,
INTSTAT ReZISEr ....eooneieiieeiieeeieiieeiie e
INTSTAT Register Bits.......cccceeeieeeiieniienieeiieiiens
INTCLR REZIStET ...ovveeivieciiiecieee e
INTCLR Register Bits........ccccueeeuieviiniieniecieeienne
INTSET REGISEr ...cvvieeiieiieiie e
INTSET Register Bits.........cccoveeriirieeneeieeierecenene
STAT REGISIET ....veeneiieiieciie et
STAT Register Bits ........ccccveeeiieiiiiieiiieeiieeeeee
UART Register Map......ccccoeeuveevreienieeeeieeeceieeeeeenn
DR REISET ...ttt
DR Register BitS......cccccecvieviiieniiiecieeeeieeecieeeeenn
RSR REZISLET ..o
RSR Register BitS........cccueeiieiiiiriieniiecie e
FR REEISIET ...uvveeiiieciiieeeieceeeceee e
FR Register Bits........cccovieiiiiiiiiieie e
ILPR REZIStET ....ecuvieiiieiieciie et
ILPR Register Bits........cccceevveeeeiieiiie e
IBRD REISET ...ceveeiiiiiieciieeieeeeeee e
IBRD Register Bits.........ccoceeevuieiiieniienieeie e
FBRD ReISter .....ccccuveeeiiieiieeieeeieeeee e
FBRD Register Bits........cccceeeuiiiiinniieiiecieeieie
LCRH REISET ..c.eveeviiiiiieciieeeie e
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CUSTKEKW31 Register Bits .......cccceevveeervieenieennns
CUSTAUTHWO Register......c.ccoccevveeneeienienennenne
CUSTAUTHWO Register Bits ..........cccceecveeriennnnnne
CUSTAUTHWI Register.......ccccceeevierieieeneeeneens
CUSTAUTHWI1 Register Bits ........cccceeeuerienennenne.
CUSTAUTHW?2 RegiSter......cccccovevrieeeieeieeniennneens
CUSTAUTHW?2 Register Bits .......ccccccceeerueeeneennns
CUSTAUTHW3 RegiSter......ccccovereeneeuenrieniennene
CUSTAUTHW?3 Register Bits ..........ccceeeveerrinnnnnne
CUSTAUTHW4 Register........cccceeeveeeieeeeiereeeens
CUSTAUTHW4 Register Bits .........cccceeeveeneinnnnnne
CUSTAUTHWS Register......cccccevvvrvieeieeieeniinnneens
: CUSTAUTHWS Register Bits ........cccceeeeveeenevennnee.
CUSTAUTHWG Register.........cccevvierieeieaniinnnene
CUSTAUTHWG Register Bits ..........ccceeeveeriennnnnne
CUSTAUTHW7 RegiSter......ccceevereeniaieerieseeennne
CUSTAUTHW?7 Register Bits .........ccccceeeueeriennnnnne
CUSTAUTHWS Register........cccceeeveerieieeieeeneens
CUSTAUTHWS Register Bits .......c.ccccceeeenerenneennes
CUSTAUTHWO Register........cccevveerieeieaniinnnes
CUSTAUTHWO Register Bits .......ccccccceeevvereneennes
CUSTAUTHWI10 Register........ccccoevereeuenienennenne
CUSTAUTHWI10 Register Bits ..........ccccceervennnnnne
CUSTAUTHWI1 Register......cccceeeveerieeernerenennns
CUSTAUTHWI11 Register Bits .......cccccceeverennenne.
CUSTAUTHWI12 RegiSter........ccceevverieereanrinnnnens
CUSTAUTHWI12 Register Bits .......cccccceevverennennnes
CUSTAUTHW13 Register.......ccccvveeveeuenienennenn
CUSTAUTHWI13 Register Bits ..........cccccvervennnnnne
CUSTAUTHWI14 Register......cccceeeveeeieieenerenenns
CUSTAUTHW 14 Register Bits .........ccccccueeriennnnnne
CUSTAUTHWI15 Register.......ccceevvieeieereeniinnnens
: CUSTAUTHW 15 Register Bits ........cccccccvveeeenenneee.
CUSTAUTHWI16 Register.........cceveerieeieeniennnens
CUSTAUTHW16 Register Bits ..........ccccceeeuvennenne
CUSTAUTHWI17 Register.......cccceevuereeveeereeneennnne.
CUSTAUTHW17 Register Bits .........ccccccuvervennnnnne
CUSTAUTHWI8 Register.......ccceeeuveerueieeieeeneennns
CUSTAUTHWI18 Register Bits .........cccceeeverenneennes
CUSTAUTHWI19 Register........cccevverieeieenrinnnens
CUSTAUTHWI19 Register Bits .......c.cccceeevereneennes
CUSTAUTHW?20 Register........cccceevereeuenienennenne
CUSTAUTHW?20 Register Bits ..........ccccceervennnnnne
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Table 1332:
Table 1333:
Table 1334:
Table 1335:
Table 1336:
Table 1337:
Table 1338:
Table 1339:
Table 1340:
Table 1341:
Table 1342:
Table 1343:
Table 1344:
Table 1345:
Table 1346:
Table 1347:
Table 1348:
Table 1349:
Table 1350:
Table 1351:
Table 1352:
Table 1353:
Table 1354:
Table 1355:
Table 1356:
Table 1357:
Table 1358:
Table 1359:
Table 1360:
Table 1361:
Table 1362:
Table 1363:
Table 1364:
Table 1365:
Table 1366:
Table 1367:
Table 1368:
Table 1369:
Table 1370:
Table 1371:
Table 1372:
Table 1373:
Table 1374:
Table 1375:
Table 1376:
Table 1377:
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CUSTAUTHW21 Register......cccceeeuvrerceeeeueinneennns
CUSTAUTHW?21 Register Bits .........cccceeeuereeneennes
CUSTAUTHW?22 RegiSter.......ccceevreeirareaaeinnnnans
CUSTAUTHW?22 Register Bits .........cccceeveuerenennnes
CUSTAUTHW?23 RegiSter......cccccevreerieeieaneennaens
CUSTAUTHW?23 Register Bits .........ccccccueeeveennnnne
CUSTAUTHW24 Register......cccceeevrreiveeenereneens
CUSTAUTHW?24 Register Bits .......cccccceeverennenne
CUSTAUTHW?2S5 RegiSter........ccceevveeieeieaniinnnnans
CUSTAUTHW?25 Register Bits .........cccceevevereneennes
CUSTAUTHW?26 Register........ccccovveneeuenuenenneene
CUSTAUTHW?26 Register Bits ..........cccccceeeveennnnne
CUSTAUTHW27 Register......ccceeevrerieeeenereneens
CUSTAUTHW?27 Register Bits ..........ccceceereennnnnne
CUSTAUTHW?28 RegiSter.........cccevverueereenrinnnnans
CUSTAUTHW?28 Register Bits .........cccceeeuveeeneennes
CUSTAUTHW?29 Register........cccceveerieeieeniinnnnens
CUSTAUTHW?29 Register Bits ..........ccccccveeuvinnnnnne
CUSTAUTHW30 Register........ccceevereereeerieneiennne.
CUSTAUTHW?30 Register Bits .........ccccccuvevvennnnnne
CUSTAUTHW31 Register.......cccceevreriveeenieeneenns
CUSTAUTHW?31 Register Bits ........cccceeevereeneennes
CUSTPUBKEYWO Register.........cccceevveeveeirennnnns
CUSTPUBKEYWO Register Bits .........cccccveeenneennes
CUSTPUBKEYW1 Register........ccceeeeeenreeneenenne.
CUSTPUBKEY W1 Register Bits ........c.ccccccuvennennne
CUSTPUBKEYW?2 Register.......ccccceevveenrvveenneennns
CUSTPUBKEYW?2 Register Bits .......cc.ccccuevuennee.
CUSTPUBKEYW3 Register........ccceevvierienrreenennne.
CUSTPUBKEYW3 Register Bits .......cccccccereeneenne.
CUSTPUBKEY W4 Register........cccccoeeueruenennnene
CUSTPUBKEY W4 Register Bits .........ccccocuvenennne.
CUSTPUBKEYWS Register.......cccceveeiereieneennenne.
CUSTPUBKEY WS Register Bits ........ccccceeveennee.
CUSTPUBKEY W6 Register........cccccevervienveennennne.
CUSTPUBKEYW6 Register Bits .......c.cccccveeenenes
CUSTPUBKEYW?7 Register......cccceeuvenvenniiennenne.
CUSTPUBKEYW?7 Register Bits .........cccccveeeneennes
CUSTPUBKEYWS Register.......cccceeveeieneeeneenenne.
CUSTPUBKEY WS Register Bits .........ccccccuvenenne
CUSTPUBKEYWO Register.......c.ccccevvveeerieenneennns
CUSTPUBKEYWO Register Bits .........cccccveeeneenes
CUSTPUBKEYW10 Register........cccceceevveeiurennnnnne
CUSTPUBKEYW10 Register Bits .........ccceevuneenes
CUSTPUBKEYW11 Register........ccccceevverueeneennnne.
CUSTPUBKEYW 11 Register Bits ...........ccceenene.
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Table 1378:
Table 1379:
Table 1380:
Table 1381:
Table 1382:
Table 1383:
Table 1384:
Table 1385:
Table 1386:
Table 1387:
Table 1388:
Table 1389:
Table 1390:
Table 1391:
Table 1392:
Table 1393:
Table 1394:
Table 1395:
Table 1396:
Table 1397:
Table 1398:
Table 1399:
Table 1400:
Table 1401:
Table 1402:
Table 1403:
Table 1404:
Table 1405:
Table 1406:
Table 1407:
Table 1408:
Table 1409:
Table 1410:
Table 1411:
Table 1412:
Table 1413:
Table 1414:
Table 1415:
Table 1416:
Table 1417:
Table 1418:
Table 1419:
Table 1420:
Table 1421:
Table 1422:
Table 1423:
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CUSTPUBKEYW12 Register.......ccccevvueeenrieenneennns
CUSTPUBKEYW12 Register Bits ..........cccceeunenne.
CUSTPUBKEYW 13 Register........ccceeveeveeviiennnnnne
CUSTPUBKEYW13 Register Bits ........ccceevneennee
CUSTPUBKEYW14 Register........ccccceevuerreenuenncnne.
CUSTPUBKEYW 14 Register Bits ...........ccceeueee.
CUSTPUBKEYWI15 Register.......ccccevvueeenveennieennns
CUSTPUBKEYW15 Register Bits .........ccccceennenne.
CUSTPUBKEYW 16 Register........cccceceeeveeurennnnns
CUSTPUBKEYW16 Register Bits .........cccceeeunenne.
CUSTPUBKEYW17 Register......c..ccccceuenenneennenne.
CUSTPUBKEYW 17 Register Bits .........c.cccvennenne
CUSTPUBKEYW18 Register........ccccceevueneeenuennnne.
CUSTPUBKEY W18 Register Bits .........cccccceenenne.
CUSTPUBKEYW19 Register........cccceveeveecnrennnnnns
CUSTPUBKEYW19 Register Bits ..........ccceeunennes
CUSTPUBKEY W20 Register........ccccecuerveerueennnnnne
CUSTPUBKEY W20 Register Bits .........c.ccceenneenn.
CUSTPUBKEYW21 Register........ccccceevenveeneennnne.
CUSTPUBKEYW21 Register Bits ..........cccceeneee.
CUSTPUBKEYW22 Register.......ccccevvueeenrieennneennns
CUSTPUBKEYW?22 Register Bits ..........ccceeunennes
CUSTPUBKEYW23 Register........cceeeevveecieennnnnns
CUSTPUBKEYW?23 Register Bits ........ccceevneenes
CUSTPUBKEY W24 Register........ccccceevuerrvenuennenne.
CUSTPUBKEY W24 Register Bits ...........cccceeuenne
CUSTPUBKEYW25 Register.......ccccevueeenrveennneennns
CUSTPUBKEYW?25 Register Bits ........ccccceceenenne.
CUSTPUBKEY W26 Register........cccceeeeveecurennnnns
CUSTPUBKEYW?26 Register Bits ..........cceeennenne.
CUSTPUBKEY W27 RegiSter......c.cccccceuenerneenuenne.
CUSTPUBKEYW27 Register Bits .........c.ccceennnne.
CUSTPUBKEY W28 Register........ccccceeeeneeeneennnne.
CUSTPUBKEY W28 Register Bits .........cccccceennenne.
CUSTPUBKEY W29 Register........cccceveeveecurennnnnns
CUSTPUBKEYW29 Register Bits .........cccceeneenns
CUSTPUBKEYW30 Register........cccceceevveeuiennnnnne
CUSTPUBKEY W30 Register Bits .........c.ccccvennennn.
CUSTPUBKEYW31 Register........ccccceevuenveeneennnne.
CUSTPUBKEYW31 Register Bits ..........cccceeneee.
CUSTPUBKEYW32 Register.......ccccevvveeenuieenneennns
CUSTPUBKEYW32 Register Bits ..........cceeeunennes
CUSTPUBKEYW33 Register........ccceeeeeieeieennnnnns
CUSTPUBKEYW33 Register Bits .........ccceeeuneenes
CUSTPUBKEYW34 Register........ccccceevuenrrenuennenne.
CUSTPUBKEY W34 Register Bits .........c.ccceenenne
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Table 1424:
Table 1425:
Table 1426:
Table 1427:
Table 1428:
Table 1429:
Table 1430:
Table 1431:
Table 1432:
Table 1433:
Table 1434:
Table 1435:
Table 1436:
Table 1437:
Table 1438:
Table 1439:
Table 1440:
Table 1441:
Table 1442:
Table 1443:
Table 1444:
Table 1445:
Table 1446:
Table 1447:
Table 1448:
Table 1449:
Table 1450:
Table 1451:
Table 1452:
Table 1453:
Table 1454:
Table 1455:
Table 1456:
Table 1457:
Table 1458:
Table 1459:
Table 1460:
Table 1461:
Table 1462:
Table 1463:
Table 1464:
Table 1465:
Table 1466:
Table 1467:
Table 1468:
Table 1469:
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CUSTPUBKEYW35 Register.......ccccevveeeniieennneennns
CUSTPUBKEYW35 Register Bits .........ccceeeunennes
CUSTPUBKEYW36 Register........cccoeeevveeniiennnnnne
CUSTPUBKEYW36 Register Bits ........ccceeeunennes
CUSTPUBKEYW37 Register........ccccceevvenureneennnne.
CUSTPUBKEYW37 Register Bits .........ccccceenennne
CUSTPUBKEYW38 Register.......ccccevveeeruveennneennns
CUSTPUBKEY W38 Register Bits .........cccccceenenne.
CUSTPUBKEY W39 Register........ccceeeeeveecieennnnnns
CUSTPUBKEYW39 Register Bits .........ccceeeunennes
CUSTPUBKEY W40 Register.........cccccevveverneenuenne.
CUSTPUBKEY W40 Register Bits ...........ccceennenn.
CUSTPUBKEYW41 Register........ccccceeueneieneenncnne.
CUSTPUBKEY W41 Register Bits .........ccccceenenne.
CUSTPUBKEY W42 Register........cccoeveeeveenrennnnns
CUSTPUBKEYW42 Register Bits ..........cceeeneenee
CUSTPUBKEY W43 Register........cccoeeevveeieennnnnne
CUSTPUBKEY W43 Register Bits .........cccccvennnnee
CUSTPUBKEY W44 Register........ccccceevuenveeneennenne.
CUSTPUBKEY W44 Register Bits ..........cccceeneee.
CUSTPUBKEYW45 Register.......ccccevueeenieennneennns
CUSTPUBKEYW45 Register Bits ..........cceeeneenne.
CUSTPUBKEY W46 Register........cccceeevveeciennnnnne
CUSTPUBKEYW46 Register Bits ........c.cceeeunennes
CUSTPUBKEYW47 Register........ccccceevuerreeneennenne.
CUSTPUBKEY W47 Register Bits ...........cccceeneee.
CUSTPUBKEYW48 Register.......cccceeveeerveennneennns
CUSTPUBKEY W48 Register Bits .........cccccceenenne.
CUSTPUBKEY W49 Register........cccoeveeieecirennnnnns
CUSTPUBKEYW49 Register Bits ..........ccceeeneenes
CUSTPUBKEYWS50 Register......c..cccccevenenneennenne.
CUSTPUBKEYWS50 Register Bits .........cccccuvenenne.
CUSTPUBKEYWS1 Register........cccceeeeneieneennnne.
CUSTPUBKEYWS51 Register Bits ........cccceeeenenee.
CUSTPUBKEYWS52 Register.......ccceeieeieecivennnnns
CUSTPUBKEYWS52 Register Bits ........cccceeeuneenes
CUSTPUBKEYWS53 Register......ccccoeeeevieeieennnnnne
CUSTPUBKEYWS53 Register Bits .........cccccuvennene.
CUSTPUBKEYWS54 Register........ccccceeeenvveneennenne.
CUSTPUBKEY W54 Register Bits ........c.cccceeneee.
CUSTPUBKEYWS55 Register.......cceevveeeniieennieennns
CUSTPUBKEYWS55 Register Bits ........cccveeenneennes
CUSTPUBKEYWS56 Register........cccoeeeeieeiiennnnns
CUSTPUBKEYWS56 Register Bits .......cccccveeennennes
CUSTPUBKEYWS57 Register........ccccceeeeneeeneenncnne.
CUSTPUBKEYWS57 Register Bits .........cccccuveneee.
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Table 1470:
Table 1471:
Table 1472:
Table 1473:
Table 1474
Table 1475:
Table 1476:
Table 1477:
Table 1478:
Table 1479:
Table 1480:
Table 1481:
Table 1482:
Table 1483:
Table 1484:
Table 1485:
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:
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CUSTPUBKEYWS8 REZIStET ....cccuiieiiiieciiiieeeieeiieeeciieee st eesiie e e 881
CUSTPUBKEYWS58 Register Bits .......ccccceeieieiieiiiieeee e 882
CUSTPUBKEYWS59 REISIET .....eciiiiiieeiieeieeiie ettt e 882
CUSTPUBKEYWS59 Register Bits .....c.ccoccuiiiriiieiiieeciieesieeeseeee e 882
CUSTPUBKEYWO60 REZISLET ......ccveiieiieiieeeieiie ettt 882
CUSTPUBKEYWO60 Register Bits .......ccceecuiiriieiieeiieeieeieciie e 883
CUSTPUBKEYWO1 REZISTET ......cciiiieiiieiieeiieiie ettt 883
CUSTPUBKEY W61 Register Bits .........ccceviriiniininiiecieiieseieeceececieeee 883
CUSTPUBKEYWO2 REISIET .....ecuvieiieeiieeieeiie ettt ee e v e eneeas 883
CUSTPUBKEYW62 Register Bits ........cccccovieierieniiiieeee e 884
CUSTPUBKEY W63 REZISTET ......coueiiiiiiiiiieniieiieniiesteee ettt 884
CUSTPUBKEY W63 RegisSter Bits ......ccccueeiiiniieiie i 884
CUSTOMERKEY 0D REZIStET .....cvieieiieieeiieeeieiieetieseeeeese ettt seeeeeseanie e 884
CUSTOMERKEYO0 Register Bits ........cccceeiiieriieiieiiieiieieeiie e 885
CUSTOMERKEY 1 REZISLT ......ueeiiiiiieeiieeieeiieciie et eieeeae s seneeneeas 885
CUSTOMERKEY 1 Re@iSter Bits .......cccceeieriirieniieiiieee e 885
CUSTOMERKEY2 REZISLET ......ueeiiiiiieiieeiieeiiesiieeiie et e eeee s eeie et e saee e eneeas 885
CUSTOMERKEY?2 Re@ister Bits ........cccceeviiiciieiieiiiecieeeeeicesie e 886
CUSTOMERKEY3 REZISIET ....cueeureieeeiesiieeietieeeeeeie ettt seee e 886
CUSTOMERKEY3 Register Bits ........cccceevieiiiiiiiniie e 886
CUSTPUBHASHWO REZISTET ....ccuvvieeiiiieeiiieeerieeieeeeieee e eeseieeeseieeeseveeeaae e 886
CUSTPUBHASHWO Register Bits.........cccevirirrieneeie e 887
CUSTPUBHASHWT REZISTET ....ecuiieiieeiieeieeiie ettt ettt 887
CUSTPUBHASHW 1 Register BitS.......ccccveirieeriieeiiie et 887
CUSTPUBHASHW?2 REZISLT .....eeuveiieieeieeeieiie et seieseeseee et seee s seeseenaeeene e 887
CUSTPUBHASHW?2 RegiSter BitS........ccceovueiiiiiieniie et 888
CUSTPUBHASHW3 REZIStI .....eeueiiienieeiieeiieiie ettt 888
CUSTPUBHASHW3 Register Bits.........cocvviririineeiciieniescecece e 888
Ordering INfOrmation...........cc.eevueeiuieriiieniieeiie ettt ee e eea s 899
Document RevIS1Oon LSt .......cc.ceiiiiiiiiiieiiiiiiiie e 900
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1. Apollo3 Blue MCU Package Pins
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1.1 Pin Configuration

Apollo3 Blue Datasheet
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Figure 1. Apollo3 Blue MCU BGA Pin Configuration Diagram
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IMOBUCK_}
SWSEL

VDDB

C GPIO04 VDDBH_SW VDDBH

OO |
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D GP1008

GPIO06 GPIO18

GPIO09 GPIO28 GPIO00

G GPI049

GPIO48

H GP1040 GP1044

OOOOO
OOOOD OO |
OOOO®
OOOO

® OOO®

Figure 2. Apollo3 Blue MCU CSP Pin Configuration Diagram - Top View

1.2 Pin Connections
The following table lists the external pins of the Apollo3 Blue MCU and their available functions.
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Table 1: Pin List and Function Table

BGA | csppin | GPIOPad | Fumetion | pag Function - .
Pin Select Description Pin Type
Number Number Name

Number Number

POWER
B2 B8 - - VDDP VDD Supply for SIMO Buck Converter Power
B1 B9 - - VDDB VDD Supply for BLE/Burst Buck Converter Power
F3 F5 - - VDDH VDD Supply for I/O Pads Power
C4 C5 - - VDDA Analog Voltage Supply Power
J4 H6 - - VCC RF Voltage Supply Power
E1 D6 - - VDDS High Voltage Digital Supply Power
G2 F9 - - VDCDCRF RF Voltage Supply Power
B3 B7 - - VSSP Ground Connection for SIMO Buck Converter Ground
E3 D5 - - VSSA Ground for Analog Supply Ground
Cc2 Cc7 - - VSSB Ground Connection for BLE/Burst Buck Converter Ground
E2 F7 - - VSS Ground for Digital Ground
F2 G7 - - VSSBA Ground for BLE Analog Supply Ground
H1 E9 - - VSSVCO Ground for BLE VCO Supply Ground
H2 H7 - - VSSS Ground for BLE RF Supply Ground
A6 A4 - - ADCVREF Analog to Digital Converter Reference Voltage Analog
H3 E7 - - DVDD Deoupling Cap for BLE digital supply Power
E4 - - - NC No Connect

BUCK
A3 A7 - - vDDC SIMO Buck Converter Voltage Core Output Supply Power
D2 cé } ) VDDF SIMO Buck Converter Voltage Flash/Memory Out- Power

put Supply
A1 A9 SIMO- SIMO Buck Converter Inductor Switch Output Power
- - BUCK_SW u \% u Wi utpu Wi
A2 A8 - - SIMO- SIMO Buck Converter Inductor Switch Input Power
BUCK_SWSEL P

D1 C8 - - VDDBH_SW BLE/Burst Buck Converter Inductor Switch Power
C1 C9 - - VDDBH BLE/Burst Buck Converter Voltage Output Supply Power

OSCILLATOR
A4 A6 - - X0 32.768 kHz Crystal Output XT
B4 B6 - - Xl 32.768 kHz Crystal Input XT
G1 D9 - - XO32MM 32 MHz Crystal Input XT
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Table 1: Pin List and Function Table

BPCI;: ESP Al ) ] F;Zﬁ:i::n FEC FURE Description Pin Type
N umber Number Ny Name
F1 D8 - - XO32MP 32 MHz Crystal Output XT
RESET
G3 G6 - - RSTN External Reset Input énu’i;gt
RF
J2 H8 - - RFIOM RF 1/0 Negative Analog
J1 H9 - - RFIOP RF I/O Positive Analog
J3 - - - TXEN Transmitter Enable Output
GPIO
0 SLSCL I2C Slave Clock Input
1 SLSCK SPI Slave Clock Input
2 CLKOUT Programmable Output Clock Output
3 GPIO00 General Purpose 1/0 é”u‘i:gt
H4 Fé 0 4 RSV Reserved
5 MSPI4 MSPI Master Interfa_ce Signal 4 Input/
See “MSPI Connection” on page 392. Output
6 RSV Reserved
7 NCEO !r(;b'\lﬂeaggei, ’:‘NCChépEiiloegitng Table,” on page 381 Output
) Bildirec—
0 SLSDAWIRS ISI(:’:I Sl\ﬁﬁelrlg ?E: %?re Data gopnea:
Drain
1 SLMOSI SPI Slave Input Data Input
2 UARTOTX UARTO Transmit Output
ca G5 1 3 GPIO01 General Purpose 1/0 é”u‘i:gt
4 RSV Reserved Input
5 MSPI5 MSPI Master Interfa_ce Signal 5 Input/
See “MSPI Connection” on page 392. Output
6 RSV Reserved
7 NCE1 !r(;b'\lﬂeaggei, ’:‘N%hElpEiiloegitn; Table,” on page 381 Output
0 UART1RX UART1 Receive Input
1 SLMISO SPI Slave Output Data Output
2 UARTORX UARTO Receive Input
3 GPIO02 General Purpose 1/0 g‘u‘i;gt
F4 G4 2 4 RSV Reserved
5 MSPI6 MSPI Master Interfa_ce Signal 6 Input/
See “MSPI Connection” on page 392. Output
6 RSV Reserved
7 NCE2 !I'(;b'\l/leagt&r, "\‘INCChIépEiilc?gith Table,” on page 381 Output
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Table 1: Pin List and Function Table

BGA | csppin | GPIOPad | Function | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 UAORTS UARTO Request To Send (RTS) Output
1 SLnCE SPI Slave Chip Enable Input
10 Master N Chip Select 3
2 NCE3 Table 564, “NCE Encoding Table,” on page 381 Output
Input/
3 GPIO03 General Purpose I/0
G5 F4 3 Output
4 RSV Reserved
5 MSPI7 MSPI Master Interface Signal 7 Input/
See “MSPI Connection” on page 392. Output
6 TRIG1 ADC Trigger Input Input
7 12SWCLK 12S Word Clock Input
0 UAOCTS UARTO Clear To Send (CTS) Input
1 SLINT Configurable Slave Interrupt Output
10 Master N Chip Select 4
2 NCE4 Table 564, “NCE Encoding Table,” on page 381 Output
Input/
3 GPIO04 General Purpose 1/0 Output
D9 c1 4 4 RSV Reserved
5 UART1RX UART1 Receive Input
Timer/Counter Interface Signal 17
6 CT17 See “Implementing Counter/Timer Connections” on | Output
page 393.
7 MSPI2 MSPI Master Interface Signal 2 Input/
See “MSPI Connection” on page 392. Output
Open
0 MOSCL I2C Master 0 Clock Drain
Output
1 MOSCK SPI Master 0 Clock Output
2 UAORTS UARTO Request To Send (RTS) Output
3 GPIO05 General Purpose 1/0 é”‘i“t’t
E9 D2 5 utpu
4 RSV Reserved
5 RSV Reserved
6 RSV Reserved
Timer/Counter Interface Signal 8
7 CT8 See “Implementing Counter/Timer Connections” on | Output
page 393.
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUNCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
Bidirec-
I2C Master 0 Data tional
0 MOSDAWIRS | 5B Master 0 3 Wire Data Open
Drain
1 MOMISO SPI Master 0 Input Data Input
2 UAOCTS UARTO Clear To Send (CTS) Input
Input/
E8 E2 6 3 GPIO06 General Purpose /O Output
4 RSV Reserved
Timer/Counter Interface Signal 10
5 CT10 See “Implementing Counter/Timer Connections” on | Output
page 393.
6 RSV Reserved
7 12SDAT 12S Data Output
10 Master N Chip Select 7
0 NCE7 Table 564, “NCE Encoding Table,” on page 381 Output
1 MOMOSI SPI Master 0 Output Data Output
2 CLKOUT Programmable Output Clock Output
Input/
3 GPIO07 General Purpose 1/0 Output
F9 F2 7
4 TRIGO ADC Trigger Input Input
5 UARTOTX UARTO Transmit Output
6 RSV Reserved
Timer/Counter Interface Signal 19
7 CT19 See “Implementing Counter/Timer Connections” on | Output
page 393.
Open
0 M1SCL I2C Master 1 Clock Drain
Output
1 M1SCK SPI Master 1 Clock Output
10 Master N Chip Select 8
2 NCE8 Table 564, “NCE Encoding Table,” on page 381 Output
F8 D1 8 Input/
3 GPIO08 General Purpose I/0 Output
4 SCCCLK Secure Card Controller Clock Output
5 RSV Reserved
6 UART1TX UART1 Transmit Output
7 RSV Reserved
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Table 1: Pin List and Function Table

BPCI;: ESP Al iy ] F;Zﬁ:i::n aaciRunction Description Pin Type
N umber Number Ny Name
) Bildirec—
0 M1SDAWIR3 ISlg’:l ’\l\/l/lzsstteerr 11 26\;\7#& Data gop“ea::
Drain
1 M1MISO SPI Master 1 Input Data Input
2 NCE9 !I'(gbhlﬂeaggedfr, NN%hépEiilggith Table,” on page 381 Output
G7 F1 9 3 GPIO09 General Purpose 1/0 g‘u’iggt
4 scclo Secure Card Controller /O é”u‘;:gt
5 RSV Reserved
6 UART1RX UART1 Receive Input
7 RSV Reserved
0 UART1TX UART1 Transmit Output
1 M1MOSI SPI Master 1 Output Data Output
2 NCE10 !Igbl\l/leaggi, "\‘INCChI;pESnilggitn;OTable,” on page 381 Output
8 E1 10 3 GPIO10 General Purpose 1/0 C')”u‘;:gt
4 PDMCLK PDM Clock Output Output
5 UA1RTS UART1 Request To Send Output
6 RSV Reserved
7 RSV Reserved
0 ADCSE2 Analog to Digital Converter Single-Ended Input 2 Input
1 NCE11 !gbl\l/‘laagée;’ NN%hI;pEiiIggitngTable,” on page 381 Output
Timer/Counter Interface Signal 31
2 CT31 See “Implementing Counter/Timer Connections” on | Output
page 393.
BS E4 M 3 GPIO11 General Purpose 1/0 (I)nu‘i;gt
4 SLINT Configurable Slave Interrupt Output
5 UA1CTS UART1 Clear To Send Input
6 UARTORX UARTO Receive Input
7 PDMDATA PDM Data Input
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUNCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
Analog to Digital Converter Differential N Input 0 /
0 ADCDONSES | g ie”Ended Input 9 Input
10 Master N Chip Select 12
1 NCE12 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 0
2 CTO See “Implementing Counter/Timer Connections” on | Output
page 393.
A7 B4 12 Input/
3 GPIO12 General Purpose I/0 Output
4 SLnCE SPI Slave Chip Enable Input
5 PDMCLK PDM Clock Output Output
6 UAOCTS UARTO Clear To Send (CTS) Input
7 UART1TX UART1 Transmit Output
Analog to Digital Converter Differential P Input 0 /
0 ADCDOPSES Single-Ended Input 9 Input
10 Master N Chip Select 13
1 NCE13 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 2
2 CT2 See “Implementing Counter/Timer Connections” on | Output
page 393.
B7 B3 13 Input/
3 GPIO13 General Purpose 1/0 Output
4 12SBCLK 12S Bit Clock Input
5 RSV Reserved
6 UAORTS UARTO Request To Send (RTS) Output
7 UART1RX UART1 Receive Input
0 ADCD1P Analog to Digital Converter Differential P Input 1 Input
10 Master N Chip Select 14
1 NCE14 Table 564, “NCE Encoding Table,” on page 381 Output
2 UART1TX UART1 Transmit Output
Input/
D7 A3 14 3 GPIO14 General Purpose 1/0 Output
4 PDMCLK PDM Output Clock Output
5 RSV Reserved
6 SWDCK Serial Wire Debug Clock Input
7 32kHzXT 32kHz Clock Output
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BGA | csPPin | GPIOPad | FUNCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 ADCD1N Analog to Digital Converter Differential N Input 1 Input
10 Master N Chip Select 15
1 NCE15 Table 564, “NCE Encoding Table,” on page 381 Output
2 UART1RX UART1 Receive Input
Input/
3 GPIO15 General Purpose 1/0 Output
c7 C3 15
4 PDMDATA PDM Data Input
5 RSV Reserved
Bidirec-
6 SWDIO Serial Wire Debug 1/0 tional 3-
state
7 SWO Serial Wire Debug Output Output
0 ADCSEO Analog to Digital Converter Single-Ended Input 0 Input
10 Master N Chip Select 16
1 NCE16 Table 564, “NCE Encoding Table,” on page 381 Output
2 TRIGO ADC Trigger Input 0 Input
Input/
D4 A5 16 3 GPIO16 General Purpose I/0 Output
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
10 Master N Chip Select 17
L NCE17 Table 564, “NCE Encoding Table,” on page 381 Output
2 TRIG3 ADC Trigger Input 3 Input
Input/
D3 D4 17 3 GPIO17 General Purpose I/0 Output
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
10 Master N Chip Select 18
1 NCE18 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 4
2 CT4 See “Implementing Counter/Timer Connections” on | Output
page 393.
C5 E5 18 3 GPIO18 General Purpose I/0 Input/
Output
4 UAORTS UARTO Request To Send Output
5 RSV Reserved
6 UART1TX UART1 Transmit Output
7 scclo Secure Card Controller 1/0 Input/
Output
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUNCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 CMPRFO Comparator Reference 0 Input
10 Master N Chip Select 19
1 NCE19 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 6
2 CT6 See “Implementing Counter/Timer Connections” on | Output
page 393.
c3 E6 1 3 GPIO19 General Purpose I/0 Input/
Output
4 SCCCLK Secure Card Controller Clock Output
5 RSV Reserved
6 UART1RX UART1 Receive Input
7 12SBCLK 12S Bit Clock Input
0 SWDCK Software Debug Clock Input
10 Master N Chip Select 20
1 NCE20 Table 564, “NCE Encoding Table,” on page 381 Output
2 RSV Reserved
Input/
G6 c2 20 3 GPI020 General Purpose /0 Output
4 UARTOTX UARTO Transmit Output
5 UART1TX UART1 Transmit Output
6 12SBCLK 12S Bit Clock Input
7 UA1TRTS UART1 Request To Send (RTS) Output
Bidirec-
0 SWDIO Software Data I/O tional
3-state
10 Master N Chip Select 21
1 NCE21 Table 564, “NCE Encoding Table,” on page 381 Output
2 RSV Reserved Output
F7 ca 21 3 GPI021 General Purpose 1/0 Input/
Output
4 UARTORX UARTO Receive Input
5 UART1RX UART1 Receive Input
6 SCCRST Secure Card Controller Reset Output
7 UA1CTS UART1 Clear To Send (CTS) Input
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUNCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 UARTOTX UARTO Transmit Output
10 Master N Chip Select 22
1 NCE22 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 12
2 CT12 See “Implementing Counter/Timer Connections” on | Output
page 393.
Input/
Cc9 A1 22 3 GPIO22 General Purpose /O Output
4 PDMCLK PDM Output Clock Output
5 RSV Reserved
6 MSPI0 MSPI Master Interface Signal 0 Input/
See “MSPI Connection” on page 392. Output
7 SWO Serial Wire Debug Output Output
0 UARTORX UARTO Receive Input
10 Master N Chip Select 23
1 NCE23 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 14
2 CT14 See “Implementing Counter/Timer Connections” on | Output
page 393.
D8 B1 23 3 GPIO23 General Purpose I/0 (I)nput/
utput
4 12SWCLK 12S Word Clock Input
5 CMPOUT Voltage Comparator Output Output
6 MSPI3 MSPI Master Interface Signal 3 Input/
See “MSPI Connection” on page 392. Output
7 RSV Reserved
0 UART1TX UART1 Transmit Output
10 Master N Chip Select 24
1 NCE24 Table 564, “NCE Encoding Table,” on page 381 Output
2 MSPI8 MSPI Master Interface Signal 8 Input/
See “MSPI Connection” on page 392. Output
3 GPI024 General Purpose 1/0 g“i“t’t
c8 B2 24 utpu
4 UAOCTS UARTO Clear To Send (CTS) Input
Timer/Counter Interface Signal 21
5 CT21 See “Implementing Counter/Timer Connections” on | Output
page 393.
6 32kHzXT 32kHz Clock Output Output
7 SWO Serial Wire Debug Output Output
DS-A3-0p10p0 Page 57 of 901 ©2019 Ambiq Micro, Inc.

All rights reserved.



R Apollo3 Blue Datasheet

=¥ Giving batteries a better life

Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUNCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 UART1RX UART1 Receive Input
10 Master N Chip Select 25
1 NCE25 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 1
2 CT1 See “Implementing Counter/Timer Connections” on | Output
page 393.
Input/
3 GPI1025 General Purpose I/0
A8 D3 25 Output
Bidirec-
12C Master 2 1/0O Data tional
4 M25DAWIRS 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 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 3
2 CT3 See “Implementing Counter/Timer Connections” on | Output
page 393.
Input/
B8 A2 26 3 GPIO26 General Purpose /10 Output
4 SCCRST Secure Card Controller Reset Output
5 MSPI MSPI Master Interface Signal 1 Input/
Table 564, “NCE Encoding Table,” on page 381 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 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 5
2 CT5 See “Implementing Counter/Timer Connections” on | Output
page 393.
Input/
B9 E3 27 3 GPI1027 General Purpose /0 Output
4 M2SCL 12C Master 2 Clock Open
rain
5 M2SCK SPI Master 2 Clock Output
6 RSV Reserved
7 RSV Reserved
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUNCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 12SWCLK 12S Word Clock Input
10 Master N Chip Select 28
1 NCE28 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 7
2 CT7 See “Implementing Counter/Timer Connections” on | Output
page 393.
A9 F3 28 Input/
3 GPIO28 General Purpose I/0 Output
4 RSV Reserved
5 M2MOSI SPI Master 2 Output Data Output
6 UARTOTX UARTO Transmit Output
7 RSV Reserved
0 ADCSE1 Analog to Digital Converter Single-Ended Input 1 Input
10 Master N Chip Select 29
L NCE29 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 9
2 CT9 See “Implementing Counter/Timer Connections” on | Output
page 393.
A5 B5 29 Input/
3 GPIO29 General Purpose I/0 Output
4 UAOCTS UARTO Clear To Send (CTS) Input
5 UA1CTS UART1 Clear To Send (CTS) Input
6 UARTORX UARTO Receive Input
7 PDMDATA PDM Data Input
0 RSV Reserved
10 Master N Chip Select 30
L NCE30 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 11
2 CT11 See “Implementing Counter/Timer Connections” on | Output
page 393.
Fé . 30 3 GPIO30 General Purpose 1/0 Input/
Output
4 UARTOTX UARTO Transmit Output
5 UA1RTS UART1 Request To Send (RTS) Output
6 BLEIF_SCK BLE Interface SCK Observation Output
7 12SDAT 12S Data Output Output
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUNCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 ADCSE3 Analog to Digital Converter Single-Ended Input 3 Input
10 Master N Chip Select 31
1 NCE31 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 13
2 CT13 See “Implementing Counter/Timer Connections” on | Output
page 393.
D5 - 31 Input/
3 GPIO31 General Purpose I/0 Output
4 UARTORX UARTO Receive Input
5 SCCCLK Secure Card Controller Clock Output
6 BLEIF_MISO | BLE Interface MISO Observation Output
7 UA1TRTS UART1 Request To Send (RTS) Output
0 ADCSE4 Analog to Digital Converter Single-Ended Input 4 Input
10 Master N Chip Select 32
L NCE32 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 15
2 CT15 See “Implementing Counter/Timer Connections” on | Output
page 393.
R Input/
E6 32 3 GPI1032 General Purpose /O Output
4 scclo Secure Card Controller /0 g‘p“t’
utput
5 RSV Reserved
6 BLEIF_MOSI BLE Interface MOSI Observation Output
7 UA1CTS UART1 Clear To Send (CTS) Input
0 ADCSE5 Analog to Digital Converter Single-Ended Input 5 Input
10 Master N Chip Select 33
L NCE33 Table 564, “NCE Encoding Table,” on page 381 Output
2 32kHzXT 32kHz Clock Output Output
Input/
3 GPIO33 General Purpose 1/0 Output
B6 - 33
4 BLEIF_CSN BLE Interface Chip Select Observation Output
5 UAOCTS UARTO Clear To Send (CTS) Input
Timer/Counter Interface Signal 23
6 CT23 See “Implementing Counter/Timer Connections” on | Output
page 393.
7 SWO Serial Wire Debug Output SWO
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Table 1: Pin List and Function Table
BGA | csPPin | GPIOPad | FUNCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 ADCSE6 Analog to Digital Converter Single-Ended Input 6 Input
10 Master N Chip Select 34
1 NCE34 Table 564, “NCE Encoding Table,” on page 381 Output
2 UA1TRTS UART1 Request To Send (RTS) Output
Input/
c6 _ 34 3 GPIO34 General Purpose /O Output
4 CMPRF2 Voltage Comparator Reference 2 Input
5 UAORTS UARTO Request To Send (RTS) Output
6 UARTORX UARTO Receive Input
7 PDMDATA PDM Data Input
0 ADCSE7 Analog to Digital Converter Single-Ended Input 7 Input
10 Master N Chip Select 35
1 NCE35 Table 564, “NCE Encoding Table,” on page 381 Output
2 UART1TX UART1 Transmit Output
Input/
3 GPIO35 General Purpose I/0 Output
D6 - 35 4 12SDAT 12S Data Output
Timer/Counter Interface Signal 27
5 CT27 See “Implementing Counter/Timer Connections” on | Output
page 393.
6 UAORTS UARTO Request To Send (RTS) Output
7 BLE.II_'L—SS TA- BLE Interface STATUS Observation Output
0 TRIG1 ADC Trigger Input 1 Input
10 Master N Chip Select 36
1 NCE36 Table 564, “NCE Encoding Table,” on page 381 Output
2 UART1RX UART1 Receive Input
Input/
H6 R 36 3 GPIO36 General Purpose /0 Output
4 32kHzXT 32kHz Clock Output Output
5 UA1CTS UART1 Clear To Send (CTS) Input
6 UAOCTS UARTO Clear To Send (CTS) Input
7 PDMDATA PDM Data Input
0 TRIG2 ADC Trigger Input 2 Input
10 Master N Chip Select 37
1 NCE37 Table 564, “NCE Encoding Table,” on page 381 Output
2 UAORTS UARTO Request To Send (RTS) Output
Input/
3 GPIO37 General Purpose 1/0 Output
H7 - 37
4 scclo Secure Card Controller /0 (')”p“t’
utput
5 UART1TX UART1 Transmit Output
6 PDMCLK PDM Output Clock Output
Timer/Counter Interface Signal 29
7 CT29 See “Implementing Counter/Timer Connections” on | Output
page 393.
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Table 1: Pin List and Function Table

BPCI;: ESP Al ) ] F;Zﬁ:i::n FEC FURE Description Pin Type
N umber Number Ny Name
0 TRIG3 ADC Trigger Input 3 Input
1 NCE38 !I'(Zb'\l/leaggezlr, ':‘N%hépEieclsgitnzBTable,” on page 381 Output
2 UAOCTS UARTO Clear To Send (CTS) Input
6 i 38 3 GPIO38 General Purpose 1/0 é’:ﬁ:gt
4 RSV Reserved
5 M3MOSI SPI Master 3 Output Data Output
6 UART1RX UART1 Receive Input
7 RSV Reserved
0 UARTOTX UARTO Transmit Output
1 UART1TX UART1 Transmit Output
Timer/Counter Interface Signal 25
2 CT25 See “Implementing Counter/Timer Connections” on | Output
page 393.
s Ho 39 3 GPIO39 General Purpose 1/0 é”u‘i:gt
4 M4SCL 12C Master 4 Clock Open
Drain
5 M4SCK SPI Master 4 Clock Output
6 RSV Reserved
7 RSV Reserved
0 UARTORX UARTO Receive Input
1 UART1RX UART1 Receive Input
2 TRIGO ADC Trigger Input 0 Input
3 GPI040 General Purpose 1/0 é”u‘i;gt
J9 H1 40 Bidirec-
o | o | ZSUm O,
Drain
5 M4MISO SPI Master 4 Data Input Input
6 RSV Reserved
7 RSV Reserved
0 NCE41 !I'(;b'\lﬂea;éez{, "\‘INC:ChI;pEiilggitngTable,” on page 381 Output
1 BLEIF_IRQ BLE Interface IRQ Observation Output
2 SWO Serial Wire Debug Output Output
E5 H3 41 3 GPIO41 General Purpose 1/0 (I)nuptggt
4 12SWCLK 12S Word Clock Input
5 UA1RTS UART1 Request To Send (RTS) Output
6 UARTOTX UARTO Transmit Output
7 UAORTS UARTO Request To Send (RTS) Output
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUNCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 UART1TX UART1 Transmit Output
10 Master N Chip Select 42
1 NCE42 Table 564, “NCE Encoding Table,” on page 381 Output
2 cT16 See “Implementing Counter/Timer Connections” on Output
page 393.
Input/
H5 R 42 3 GPI1042 General Purpose I/0 Output
Open
4 M3SCL 12C Master 3 Clock 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
L NCE43 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 18
2 CT18 See “Implementing Counter/Timer Connections” on | Output
page 393.
Input/
3 GPI043 General Purpose 1/0
J5 _ 43 Output
Bidirec-
12C Master 3 1/0 tional
4 M3SDAWIRS SPI Master 3 3 Wire Data Open
Drain
5 M3MISO SPI Master 3 Input Data Input
6 RSV Reserved
7 RSV Reserved
0 UA1TRTS UART1 Request To Send (RTS) Output
10 Master N Chip Select 44
1 NCE44 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 20
2 CT20 See “Implementing Counter/Timer Connections” on | Output
page 393.
97 h4 44 3 GPI0O44 General Purpose 1/0 Input/
Output
4 RSV Reserved
5 M4MOSI SPI Master 4 Output Data Output
6 UARTOTX UARTO Transmit Output
7 RSV Reserved
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUNCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 UA1CTS UART1 Clear To Send (CTS) Input
10 Master N Chip Select 45
1 NCE45 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 22
2 CT22 See “Implementing Counter/Timer Connections” on | Output
page 393.
F5 - 45 Input/
3 GPIO45 General Purpose I/0 Output
4 12SDAT 12S Data Output
5 PDMDATA PDM Data Input
6 UARTORX UARTO Receive Input
7 SWO Serial Wire Debug Output Output
0 12SBCLK 12S Bit Clock Input
10 Master N Chip Select 46
1 NCE46 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 24
2 CT24 See “Implementing Counter/Timer Connections” on | Output
page 393.
E7 - 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 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 26
2 CT26 See “Implementing Counter/Timer Connections” on | Output
page 393.
HO G2 47 3 GPI047 General Purpose 1/0 Input/
Output
4 RSV Reserved
5 M5MOSI SPI Master 5 Output Data Output
6 UART1RX UART1 Receive Input
7 RSV Reserved
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Table 1: Pin List and Function Table

BGA | csPPin | GPIOPad | FUNCion | pag Function - .
Pin Select Description Pin Type
Number Number Name
Number Number
0 UARTOTX UARTO Transmit Output
10 Master N Chip Select 48
1 NCE48 Table 564, “NCE Encoding Table,” on page 381 Output
Timer/Counter Interface Signal 28
2 CT28 See “Implementing Counter/Timer Connections” on | Output
page 393.
Go 63 48 3 GPIO48 | General Purpose /0 Input/
Output
4 M5SCL 12C Master 5 Clock Open
rain
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 Table 564, “NCE Encoding Table,” on page 381
Timer/Counter Interface Signal 30
2 CT30 See “Implementing Counter/Timer Connections” on | Output
page 393.
3 GPI0O49 General Purpose 1/0 (I)n;:ut/t
H8 G1 49 utpu
Bidirec-
12C Master 5 1/0O Data tional
4 M5SDAWIR3 SPI Master 5 3 Wire Data Open
Drain
5 M5MISO SPI Master 5 Input Data Input
6 RSV Reserved
7 RSV Reserved
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Figure 3. Block Diagram for the Ultra-Low Power Apollo3 Blue MCU

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

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

With unprecedented energy efficiency for sensor conversion and data analysis, the Apollo3 Blue MCU
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 MCU
enables the use of more complex sensor processing algorithms due to its extremely low active mode
power of 6 yJA/MHz. By using the Apollo MCU, the aforementioned fithess monitoring device could achieve
the current multi-day or multi-week battery life while adding new computation-intensive functions like
context detection and gesture recognition.

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

At the center of the Apollo3 Blue MCU is a 32-bit ARM Cortex-M4 processor with Floating Point Unit with
several tightly coupled peripherals. The Ambig Micro implementation of the Cortex-M4 core delivers both
greater performance and much lower power than 8-bit, 16-bit, and other comparable 32-bit cores. Code
and data may be stored in the 1 MB Flash Memory and the 384 KB Low Leakage RAM. 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 3mA Rx/Tx. Apollo3 Blue
MCU supports up to 4dBm 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 MCU 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 1SO7816
compliant master controller.

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

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

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

DS-A3-0p10p0 Page 67 of 901 ©2019 Ambiq Micro, Inc.
All rights reserved.



Apollo3 Blue Datasheet

)) ambiami

=¥  Giving balteries a 'Je-'rf ri “lr

3. MCU Core Details

At the center of the Apollo3 Blue MCUis 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 MCU (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.

3.1 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 MCU:
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Exception Number IRQ Number Offset Vector Peripheral/Description
255 239 IRQ239
0x03FC @
0x00C0 IRQ31 Clock Control
0x00BC )
0x009C IRQ23-30 Stimer Compare[0:7]
0x0098 IRQ22 Stimer Capture/Overflow
IRQ21 SW INT
0x0094
IRQ20 MSPI
0x0090
IRQ19 PDM
0x008C
0x0088 IRQ18 ADC
X IRQ17 SCARD
0x0084
0x0080 IRQ16 UART1
IRQ15 UARTO
0x007C IRQ14 Counter/Timers
0x0078 IRQ13 GPIO
0x0074
IRQ12 BLE
0x0070 2
O0X006C IRQ11 1°C/SPI Master 5
2
e
0x0064 2
0X0050 IRQ8 1°C/SPI Master 2
X
0X005C IRQ7 I>C/SPI Master 1
0X0058 IRQ6 I>C/SPI Master 0
IRQ5 I°C/SPI Slave Register Access
0x0054 IRQ4 *C/SPI Slave
0x0050
OX004C IRQ3 Voltage Comparator
18 2 X IRQ2 RTC
0x0048 )
17 1 IRQ1 Watchdog Timer
16 0 0x0044 IRQO Brownout Detection
15 1 0x0040 Systick
0x003C y
14 -2 0x0038 PendSV
13 Reserved
12 Reserved for Debug
" - VCall
° 0x002C SVCa
10
9 Reserved
8
7
-1 Faul
: W oo en Fat
0x0014
4 -12 Memory management Fault
0x0010
3 -13 0x000C Hard fault
2 -14 NMI Unused
1 0x0008 Resel
0x0004 —
Initial SP value

0x0000

Figure 4. ARM Cortex-M4 Vector Table for Apollo3 Blue MCU
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The Cortex-M4 allows the user to assign various interrupts to different priority levels based on the
requirements of the application. In this MCU implementation, 8 different priority levels are available.

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

Hardware interrupts are assigned in the MCU to the M4 NVIC as follows:

Table 2: MCU Interrupt Assignments

IRQ Peripheral/Description
NMI Unused
IRQO Brownout Detection
IRQ1 Watchdog Timer
IRQ2 RTC
IRQ3 Voltage Comparator
IRQ4 I2C / SPI Slave
IRQ5 12C / SPI Slave Register Access
IRQ6 I2C / SPI Master0
IRQ7 12C / SPI Master1
IRQ8 I2C / SPI Master2
IRQ9 I2C / SPI Master3
IRQ10 12C / SPI Master4
IRQ11 I2C / SP1 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
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3.2 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 3: ARM Cortex-M4 Memory Map

Address Name Executable Description

0x00000000 — Ox1FFFFFFF Code Y ROM or Flash Memory
0x20000000 — Ox3FFFFFFF Reserved
0x40000000 — OX5FFFFFFF Peripheral
0x60000000 — Ox9FFFFFFF External RAM

Reserved

On-chip peripheral address space

External / Off-chip Memory

0xA0000000 — OXDFFFFFFF | External Device External device memory

0xE0000000 — OXEOOFFFFF Private Peripheral Bus
0xE0100000 — OXFFFFFFFF | Vendor

NVIC, System timers, System Control Block

2| Z2| 2| <] 2| Z

Vendor Defined

The MCU-specific implementation of this memory map is as follows:

Table 4: MCU System Memory Map

Address Name Executable Description
0x00000000 — 0xO00FFFFF Flash Y Flash Memory
0x00100000 - OxO3FFFFFF Reserved X No device at this address range
0x04000000 — OxO7FFFFFF External MSPI Flash Y XIP Read-Only External MSPI Flash
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 — 0x1005FFFF SRAM Y Main SRAM
0x10040000 — Ox3FFFFFFF Reserved X No device at this address range
0x40000000 — Ox50FFFFFF Peripheral N Peripheral devices
0x51000000 — Ox51FFFFFF | External Memory X ?Ceh‘;g/\ggteBE(’)‘;el;’]‘a' e ()
0x52000000 — OXDFFFFFFF Reserved X No device at this address range
0xE0000000 — OXEOOFFFFF PPB N NVIC, System timers, System Control Block
0xE0100000 — OXFFFFFFFF Reserved X No device at this address range

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

DS-A3-0p10p0 Page 71 of 901 ©2019 Ambiq Micro, Inc.
All rights reserved.



Apollo3 Blue Datasheet

)) ambiami

..l.urln oalleries a belle rIIIr

Table 5 shows the address mapping for the peripheral devices of the Base Platform.

Table 5: 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 — Ox40020FFF

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

0x50006000 — 0X50006FFF

I2C / SPI Master2
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Table 5: MCU Peripheral Device Memory Map

Address Device
0x50007000 — 0x50007FFF I2C / SPI Master3
0x50008000 — 0x50008FFF I2C / SPI Master4
0x50009000 — 0x50009FFF I2C / 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 MSPI Master
0x50014400 — 0x5001FFFF Reserved
0x50020000 — 0x5002FFFF Flash OTP
0x50030000 — 0x50FFFFFF Reserved

3.3 Memory Protection Unit (MPU)

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

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

- 0=

lowest priority.

= Access permissions
= Exporting memory attributes to the system.

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

You can use the MPU to:

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

3.4 System Busses

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.
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The Apollo3 Blue MCU 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 MCU 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.

3.5 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 MCU power modes are described in the subsequent discussion along with the operation
of the PMU.

3.5.1 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 MCUwill 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.

3.5.1.1 TurboSpot Mode

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

NOTE

In TurboSPOT Mode on the Apollo3 Blue MCU, 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.

3.5.1.2 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.
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After the SCR is 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
3.5.1.3 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.

3.5.1.4 Deep Sleep Mode

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

3.5.2 System Power Modes
In addition to the CPU power states, there are system power states defined as follows.
3.5.2.1 SYS Active Burst (Spc1g)

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

3.5.2.2 SYS Active (Sact)

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

3.5.2.3 SYS Sleep Mode 0 (Sgsg)

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.

3.5.24 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.
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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.

3.5.2.5 SYS Deep Sleep Mode 0 (Spsg)

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

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

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

» 384KB: Spso-384RET
256KB: Spsp-256RET
128KB: Spsp-128RET

64KB: Spsp-64RET

* 8KB: Spso-grET
= OKB: SDSO

3.5.2.6 SYS Deep Sleep Mode 1 (Sps1)

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 is defined as follows:

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

* 8KB: Sps1-sRET
= OKB: SDS1

3.5.2.7 SYS Deep Sleep Mode 2 (Sps>)

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

* 384KB: Sps2-384RET
256KB: Spso_256RET
* 128KB: Sps2-128RET

» 64KB: Spg2-64RET
» 8KB: Spso.grRET
= 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
Spg1) 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.

3.5.2.8 SYS Deep Sleep Mode 3 (Spg3)

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.

3.5.2.9 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.

3.5.3 Power Control

Power control block provides control and status for the power state of all the power domains, 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 down a particular peripheral device
and memory power domain. Status of each of these can be monitored in the respective power control
status register. The power controller also supports event notification to indicate peripheral power transition
completion. Event notification is the preferred power-optimized method in lieu of status polling.

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

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

3.5.3.1 PWRCTRL Registers
PWR Controller Register Bank
INSTANCE 0 BASE ADDRESS:0x40021000
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Power Controller register Bank - this is the place SW writes to.

3.5.3.1.1 Register Memory Map

Table 6: PWRCTRL Register Map

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

3.5.3.1.2.1SUPPLYSRC Register

Voltage Regulator Select Register

OFFSET: 0x00000000

INSTANCE 0 ADDRESS: 0x40021000

This register controls the enable for BLE BUCK.

Table 7: SUPPLYSRC Register
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Table 8: 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.

3.5.3.1.2.2SUPPLYSTATUS 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.

DS-A3-0p10p0 Page 79 of 901 ©2019 Ambiq Micro, Inc.
All rights reserved.



&) ambiamicro

Giving batteries a better i fe

Apollo3 Blue Datasheet

Table 9: 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
1/,0(9(8(7(6(5(4(3(2(1/0 4 1 9876|543 |2|1|0
=z
2|2
RSVD S12
3|8
=g
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Table 10: 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.

3.5.3.1.2.3DEVPWREN Register
Device Power Enables
OFFSET: 0x00000008

INSTANCE 0 ADDRESS: 0x40021008

This enables various peripherals power domains.

Table 11: DEVPWREN Register

3(3|2(2|2|2|2|2(2|2(2|2(1|1{1|1{1(1|1(1]|1(1]|]0[0]|0 0
1/,0(9(8(7(6(5(4(3(2(1(0(9|8 (] 41321 9876|543 |2]|1
=) - |o -
32529k |E 2122258
RSVD il (=S |S|elel|ele|e|C|z
mmmgmagmmmmmmg
=|2|12(E(212(12(2(2|1212|2|12E
oo | o o|o|a|a|a|d
o oo
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Table 12: DEVPWREN Register Bits

Bit

Name Reset RW

Description

31:14

RSVD 0x0 RO

RESERVED.

13

PWRBLEL 0x0 RW

Power up BLE controller

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

12

PWRPDM 0x0 RW

Power up PDM block

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

1

PWRMSPI 0x0 RW

Power up MSPI Controller

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

PWRSCARD 0x0 RW

Power up SCARD Controller

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

PWRADC 0x0 RW

Power up ADC Digital Controller

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

PWRUART1 0x0 RW

Power up UART Controller 1

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

PWRUARTO 0x0 RW

Power up UART Controller 0

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

PWRIOM5 0x0 RW

Power up |10 Master 5

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

PWRIOM4 0x0 RW

Power up 10 Master 4

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

PWRIOM3 0x0 RW

Power up 10 Master 3

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

PWRIOM2 0x0 RW

Power up IO Master 2

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

PWRIOM1 0x0 RW

Power up 10 Master 1

EN = 0x1 - Power up 10 Master 1
DIS = 0x0 - Power down 10 Master 1
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Table 12: DEVPWREN Register Bits

Bit Name Reset RW Description

Power up 10 Master 0

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

DIS = 0x0 - Power down 10 Master 0

Power up 10 Slave

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

DIS = 0x0 - Power down 1O slave

3.5.3.1.2.4MEMPWDINSLEEP Register
Power-down SRAM banks in Deep Sleep mode
OFFSET: 0x0000000C

INSTANCE 0 ADDRESS: 0x4002100C

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

Table 13: MEMPWDINSLEEP Register

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

Bit

Name

Reset

RW

Description

13

FLASHOPWD-
SLP

0x1

RW

Power-down flashO in deep sleep

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

12:3

SRAMPWDSLP

0x0

RW

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

NONE = 0x0 - All banks retained

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

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

2:0

DTCMPWDSLP

0x0

RW

power down DTCM in deep sleep

NONE = 0x0 - All DTCM retained

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

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

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

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

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

3.5.3.1.2.5MEMPWREN Register

Enables individual banks of the MEMORY array
OFFSET: 0x00000010

INSTANCE 0 ADDRESS: 0x40021010

This register enables the individual banks for the memories. When set, power will be enabled to the banks.
This register works in connection with the MEMPWDINSLEEP register. When this register is set, then the
MEMPWRINSLEEP register will determine whether power is enabled to the SRAMs in deep sleep. If this
register is not set, then power will always be disabled to the memory bank.
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Table 15: MEMPWREN Register
3(3|2(2|2]|2 222 111111 (1{1(1|j1(1|j00(0,0(0|0O(0|O0 0|0
1109 (8|7(6 3121 4|3 1 9(8|7(6|5[4|32(1|0
A | ©
| & T |2
5 5 RSVD 2 2 SRAM DTCM
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OO
Table 16: MEMPWREN Register Bits
Bit Name Reset RW Description
Power up Cache Bank 2. This works in conjunction with Cache enable from
flash_cache module. To power up cache bank2, cache has to be enabled
31 CACHEB2 oxA RW and this bit has to be set.
EN = 0x1 - Power up Cache Bank 2
DIS = 0x0 - Power down Cache Bank 2
Power up Cache Bank 0. This works in conjunction with Cache enable from
flash_cache module. To power up cache bank0, cache has to be enabled
30 CACHERO oxA RW and this bit has to be set.
EN = 0x1 - Power up Cache Bank 0
DIS = 0x0 - Power down Cache Bank 0
29:15 RSVD 0x0 RO RESERVED.
Power up Flash1
14 FLASHT Ox1 R