DA14592 RENESAS

Multi-Core BLE 5.2 SoC with Embedded Flash Final

General Description

The DA14592 is a multi-core wireless microcontroller, combining the latest Arm® Cortex® M33™
application processor with floating-point unit, advanced power management functionality, a
cryptographic security engine, analog and digital peripherals, a software configurable protocol engine
with a radio that is compliant with Bluetooth® Low Energy 5.2 standard and 256 kB of embedded
Flash accompanied by 96 kB of RAM, 16 kB of Cache RAM and 288 kB ROM (containing the
Bluetooth LE stack). The embedded Flash or SRAM may be expended externally through QSPI.

The DA14592 has been optimized for lowest power consumption, including radio, active power, and
in hibernation.

The DA14592 utilizes an Arm® Cortex®-M33 CPU with an eight-region MPU and a single-precision
FPU offering up to 96 dMIPS at 64 MHz. This dedicated application processor executes code from
embedded Flash or RAM through an 8 kB four-way associative cache controller. Bluetooth® 5.2 or
other protocol connectivity is supported by a new software-configurable Bluetooth® Low Energy
protocol engine (CMAC) based on an Arm® Cortex®-M0+™ with an ultra-low-power radio transceiver,
capable of +6 dBm output power and -97 dBm receive sensitivity offering a total link budget of

103 dB.

A variety of standard and advanced peripherals enable interaction with other system components
and the development of advanced user interfaces and feature-rich applications.

Key Features

m Compatible with Bluetooth® 5.2, ETSI EN m A Real Time Clock with 10 ms resolution
300 328 and EN 300 440 Class 2 (Europe),
FCC CFRA47 Part 15 (US) and ARIB STD-
T66 (Japan)

m Flexible processing power
o 32 kHz up to 64 MHz 32-bit Arm Cortex-

Four General purpose, 24-bit up/down
timers with PWM capabilities

m Analog and Digital interfaces
O Up to 32 General Purpose 1/0Os

M33™ with 8 kB, four-way associative 0 Eight-channel 10-bit SAR ADC,
cache and FPU 2 Msamples/s
o A flexible and configurable Bluetooth® 0 2A ADC, 15 bits at 1 ksps, 13 bits at
LE MAC engine based on Arm Cortex- 16 ksps with a Programmable Gain
MO0+™ with an 8 kB, four-way Amplifier (PGA)
associative cache O QSPI PSRAM/Flash interface
m  Memory o 2x UARTs up to 3 Mbps, one UART
O 256 kB embedded Flash extended to support ISO7816
O 96 kB Data SRAM with retention o One SPI+™ and one 12C controller at
) ) 100 kHz, 400 kHz, or 3.4 MHz
o 8 kB Caches with retention for Cortex ) ]
M33 and MO+ respectively o PDM interface with hardware sample
) ) rate converter
0o 288 kB ROM (including boot ROM, PKI ,
routines, and Bluetooth® LE stack) o I12S/PCM master/slave interface up to

eight channels
O 3-axis capable Quadrature Decoder
m Radio transceiver

m Power/Clock management
o Buck DCDC converter
0 Hibernation (Shipping mode) <100 nA

o Programmable thresholds for brownout
detection

o Single wire antenna: no RF matching or
RX/TX switching required

) o High Performance mode: TX output
O 32 MHz or 64 MHz system clock using a power -22 to +6 dBm, RX

doubler sensitivity -97 dBm
O Fast wake-up from sleep in <15 ps o Low Power mode: TX output power -23

m Application cryptographic engine with AES- to 4.5 dBm, RX sensitivity -96 dBm
256 and SHA-256
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m Packages

o WLCSP39, 2.48 x 3.32, 0.42 mm
diagonal pitch

o FCQFN52,5.1 x 4.3 mm, 0.4 mm pitch

Applications

Crowd-sourced locationing

0T (home, retail, industrial)

Keyboards

Gaming mouse

Gaming/AR/VR controllers

S-pen

Cold chain tracking and locationing (proximity, AoA) tags
Connected Medical: BGM/CGM/insulin pump, HRM/BPM, Inhaler
Robotics

Wearables

Toys

Metering

ESL

High-end Voice RCU

POS readers

Activity tracker

Beacons

Key Advantages

m Lowest power consumption

m Smallest system size

m Lowest system cost

m  On-chip memory expandable externally through QSPI
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SDADC_PGA_CTRL_REG (0X50020404).......ccccciiuiieeiiiieeeiiiieeeessiineeesnnseesssnssseessnssseees 371
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SDADC_GAIN_CORR_REG (0X5002040C).......cccsuterrieaieianineerreresreesreesaseeesnesssnneenns 372
SDADC_OFFS_CORR_REG (0X50020410) ......ceiitirerireeaieeenireesieeesreesieessrneesneessnneenns 372
SDADC_CLEAR_INT_REG (0X50020414) .....cccuteiiiieiieeaiiie e siee e seee st 373
SDADC_RESULT_REG (OX50020418) ......ccvteiireerrererreeiieeesineesreeesineesneessnenesnnesennneenns 373
SDADC_AUDIO_FILT_REG (0X5002041C) .....cvveireieririeiieeenireesreeesineesnee e e sneesnnneenes 373
GP_ADC_CTRL_REG (0X50040900) ......cccstueeririerrererreesneeesireesreeessreesnesssneeesnesessneenes 373
GP_ADC_CTRL2_REG (0OX50040904) .....ccctuteeiiiiieeeiiriee e steeee s sieee e steee e sibaee e sveeee e e 374
GP_ADC_CTRL3_REG (0OX50040908) ......cctutteeirrieeaiireeeeiireeessrreeessbeeeessnreeessssseesssnes 375
GP_ADC_SEL_REG (0X5004090C) ......cceiiitiieeiiiiieeeiireeeesieeeessteeeessteeeessireeeessrneeeesnes 375
GP_ADC_OFFP_REG (0X50040910) .....ccciittttaaitiieeaiiieeeeatieeessrreeessnneeessreeeessrneeessnes 376
GP_ADC_OFFN_REG (0X50040914).....ccciitittieitiieeaiiieee et sitee et e e sibree e anneee e 376
GP_ADC_CLEAR_INT_REG (OX5004091C) ......ccuvteeiirrieeiireeeesireeeessnneeessnneeessnneee e 376
GP_ADC_RESULT_REG (0X50040920) .......ceteiirreeeeirreeesirneeessreeeessnneeessnneeessnneee s e 377
RegISter MaP GPIO .. ...ttt e e e e e e e e s e anebeeee e e e e e s ananees 377
PO_DATA_REG (0X50020600) .....ccuvveirererireeiieeesiriesreeessreesneesresessnessnseeessneesnessssnessnnes 378
P1_DATA_REG (0X50020604) .....ccueeireierireeaieeesieeesresesireesneesnee e s s ssneeessneesneeesnneesnnes 378
PO_SET_DATA_REG (OX50020608) .......cccveiireeeirierrenesireesreesreeesres e essneesneeesnneesnnes 378
P1 SET_DATA_REG (0X5002060C)......ccccuttiiiiiiieeiiiiieeaniiieeeesireeesssireeesssibeeessseneeeseneneas 378
PO_RESET_DATA_REG (0X50020610) ......ceceiiiiieeiiiiieeeniiieeeeriiee e e esiiee e e 379
P1 RESET_DATA_REG (0X50020614) ......coeiiiiiieeiiiiiee et 379
PO_00_MODE_REG (OX50020618) ......ccciitrteeiiuiiieaaitiieeaniieeeeesiieeeessibeeesssineeesssnneeeeeeneas 379
PO_01_MODE_REG (OX5002061C) ....ceeeiiutiieeiiiiiieeaniiiteeanitieeeesiieeesasineee s sibee e s sibee e e e 381
PO_02_MODE_REG (OX50020620) ......ccceitrteeiiurrieeaniieteeeniieeesesireeeessireeesssineeeessineeeesneneas 381
PO_03_MODE_REG (OX50020624) ......cccoiueteeiiriieeiniiiie et e st e s e e e 381
PO_04_MODE_REG (OX50020628) ......cccortrteeiiiirieeiniriieeasireeesesireeesssinee e s s e s e e 382
PO_05_MODE_REG (OX5002062C) .....cccirrreeeiiirieeeiniriieeesireeesssireeessssreeesssnneee s nineeeesnnnees 382
PO_06_MODE_REG (0X50020630) ......cceeirerireeeirierreresireesreesreeessresssseeesseeesneeessnessnnes 382
PO_07_MODE_REG (0X50020634) ......ccoeireiiieeenirierreeesiree e sneeesnessnneeessneesneeesnneesnnes 383
PO_08_MODE_REG (0X50020638) ......cceeireiiireeirierrieesireesree e siressnneeesseeesneeeseneesnnes 383
PO_09_MODE_REG (OX5002063C) ....eeieiiitiieeiiiiiieeenitieeeesiieeeeesiteeeessibeeesssnbeeesssnbeeeeenneeas 384
PO_10_MODE_REG (OX50020640) ......ccceititeeiiiiieeenitiieeasiieeeeesireeeeesiteeesssibeeeessnneeeeeneeeas 384
PO_11 _MODE_REG (OX50020644) ......cceiititiaiiiiie ettt ettt 384
PO_12_MODE_REG (OX50020648) ......ccciititieiiiiieeaitiie et e ettt e e 385
PO_13_MODE_REG (OX5002064C) .....cceiititieiiiiieeaiiite ettt e st 385
PO_14 _MODE_REG (OX50020650) ......cccimrrteeiiiriieeiniriieeasiieeeessireee s e e e s e s e e 385
PO_15_MODE_REG (OX50020654) ......ccciitiieeiitiieeaiiiiie et e s 386
P1_00_MODE_REG (OX50020658) ......cccimtrteeiiiriieeiiiiieeesiiiee st e s s s e 386
P1_01_MODE_REG (0X5002065C) .....cceeireiiieeenirieiiinesiree e sreeesiresasneeesineesneeesnnee s 387
P1_02_MODE_REG (0X50020660) .......ccciveiiieieirierreresiriesreesieeesiresssneeessneesneeesnneesnnes 387
P1_03_MODE_REG (0X50020664) .......ccciueiiieeeieieiieeesirie e st siresasnee e e sneeesenee s 387
P1 04 _MODE_REG (OX50020668) ......ccceitutieiiiiiieeiriiiieeeniieeeeesiieeeessiieeesssnbeeeessnbeeeeeneeeas 388
P1 05 _MODE_REG (OX5002066C) .....cceiitiieeiiiiieeinitiieeesitieeeesiteeesesiteeesssnbeee s e snieeeseneeeas 388
P1 06_MODE_REG (OX50020670) .....ccceiituteeiiiiiieeaiiiieeeesiieeeeesiteeesasibeeeessnbeeeesseneeeseneenas 389
P1 07_MODE_REG (OX50020674) .....ccceiititeeiiiiieeariiete ettt 389
P1 08_MODE_REG (OX50020678) ......ccetitetiaiiiiieeaniiiieeasiieee et e et e e e e e e 389
P1 09 _MODE_REG (OX5002067C) ....etieiiitiieeiiiiieeaiiite ettt e et e s e e 390
P1 10_MODE_REG (OX50020680) ......ccccstuteeiiriieeiniriieeaniieeeeasireeesssireeeessnneee s e s 390
P1 11 _MODE_REG (OX50020684) ......ccciititieiiiiieeiiriieeeniieee st e s e e e e 390
P1 12 MODE_REG (OX50020688) .......cccstrtieiiitiieeiiiiiieeaniiiee st e et 391
P1_13 MODE_REG (0X5002068C) ......ceciueiiieieirierreiesiree et siresssnee e 391
P1_14 MODE_REG (0X50020690) .......ccciueiiieeenirierrenesireesireesreeesiresesseeesseeesneee e snnes 392
P1 15 MODE_REG (OX50020694) ......cceiitiiieiiiiieeeiieie e siiee e sitee e e sitee e e e e e snbee e e 392
GPIO_CLK_SEL_REG (OX500206A0) ......cccveeireeireiesreeesreeesieeesreessnreesnee e sneeesnneenes 392
PO_WEAK_CTRL_REG (OX500206A4) ......oeiiiiieieieiieiesiree e sres e 393
P1 WEAK_CTRL_REG (OX500206A8) .......ceeeiiiiieeiiiiieeiniiiie et e e 393
RegiSter Map GPREG .......cuiiiiiiiii ettt 394
SET_FREEZE_REG (0X50050300) .......ccteiititeeeitiieeeiireeesstreeessrseeessnneeessrneesssnneesssne 394
RESET_FREEZE_REG (0X50050304) .......uvtieiiiiieeaiiieeeesiieee st e et e s e 395
DEBUG_REG (OX50050308).......00eeeiiteteeiririieeiaiieteeasiteeeeasiteeesssireeessssneeessssneeesssnneeessnnnnas 395
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GP_STATUS_REG (OX5005030C) ....ciutveieeiiieeeeiiiieeesiteeeesrseeesstseeessssseesssssseesssnsseesssnes 396
SCPU_FCU_TAG_REG (0X50050314) ...cceitueeeeiiiieeeiireeeesireeesstreeesssneeesssseessssseesssnes 397
REQISIEr MAP PDC .. ... e e e e e s st re e e e e e e s e sanbaeeeeeeeesannnnes 397
PDC_CTRLO_REG (0X50000200) ......cceieiiriieeiiiiiieeeiieeeeesiieeeessiteeessssieesssssseeessssseeessnsnes 398
PDC_CTRL1_REG (0X50000204) ......uutieiiiiieeiiiiieeesiteeeeesiieee e s siteeesesiteeessssbeeesssnseeessnnneas 399
PDC_CTRL2_REG (0X50000208) ......cceeeiitiieeiiiiieeeiieieeesiieeeeesiieeesssnieeessssneeesssssenessnsneas 399
PDC_CTRL3_REG (0X5000020C)......ccccciiiiieeiiiiieeeiieeeeesieee e e eireeaessnteeeessnteeaessnnaeeesnnnnas 400
PDC_CTRL4_REG (0X50000210) .....uvviieiiiiieeiiiiieeeeieeeeesitee e e s eiree e e s snteeeessnbee e e s entneaeennenas 400
PDC_CTRL5_REG (0X50000214) .......ceveveverreeeeeeineeeessseeeseeseseseeesessssesesesesssenessaneneseees 401
PDC_CTRL6_REG (0X50000218) ......cutieiiiiieeiiiiieeesiieeeesteeeessiteeessssieeessssseeeessssneaesssnns 401
PDC_CTRL7_REG (0X5000021C)......cctieiiiiieeiiiiieeeiiieeeesieeaessiieeessssteeessssseeeessssneaesnsnns 402
PDC_CTRL8_REG (0X50000220) ......cceeeiiiiieeiiiiieeesiireeesieeeesssreeesssseenesssssesessssseeessnssnes 402
PDC_CTRLY_REG (0X50000224) ......cetieiiiiieeeiiieeeesieteeesieee e s siieeesessienessssteeesssnteeessnsnnas 403
PDC_CTRL10_REG (0X50000228) ......ccceiititeeiiiiieeaiiireeesienessstenessssnenesssssesessssenessssenes 403
PDC_CTRL11_REG (OX5000022C).....cccciititeeiiirieeaiiiiieeesieeesesiieeesssiteeesssnteeesssnseeessnnnes 404
PDC_ACKNOWLEDGE_REG (0X50000280) ......ccceiitiieeiriiiieeiniieeeesniieeessiieeeesseieeeesneeeas 404
PDC_PENDING_REG (OX50000284) .......cvuteeiiiiieeeiieeeeesiieee e siieeesssiieeeesssbeeesssnbeeeesnnneas 405
PDC_PENDING_CM33_REG (0X5000028C) ...cciiieeiieirrieerreeeesiisierneeseessssnsnrneereeesssnnnnnes 405
PDC_PENDING_CMAC_REG (0X50000290)..........c.cvevrerueeeeererereeeneeeesesesessesesesseseneeenes 405
PDC_SET_PENDING_REG (0X50000294) ........cesvevrerereeeeeeseeereesisiseesesesesesesesseneneneees 405
PDC_CONFIG_REG (0X50000298)......c.cccctutieiiiiieeeiiiieeesieeeessteeessssteeessssseeesssssneasssssnes 405
RegiIStEr MAP DMA ... et e s 406
DMAO_A START_REG (0X50060200) .......cceceiiiiieeiiiireeasiireessieeeessieeeesssseeesssssneesssssnes 407
DMAO_B_START_REG (0X50060204) .......cceeeiiiiieeaiiiieeesiieeessieeeesssieeessssienessssseeessnsnns 407
DMAO_INT_REG (OX50060208)........ccuutieiiiiieeiiiiieeasiireeasieeesssteeasassiesesssseeessssesessssnnes 407
DMAO_LEN_REG (OX5006020C)........uutieiiriieeiiiiieeesieneeasienesssstesessssienesssssneessssesessssnnes 408
DMAO_CTRL_REG (0OX50060210) ......cceceiiriieeiiiiieeaiieeeeesiieeesssireeessssiesessssseeessssneeessnssees 408
DMAOQ_IDX_REG (OX50060214) .....ccctieieiiitieeeiiitieeeesiteee e siieee e s siteeessssteeeessnbeeeessnbeeeesnsneas 410
DMAL1_A START_REG (0X50060220) .......cceeeiiiiieeaiiiiieeeiiieeeesieeeeesiieeeesssieeeesnsreeessnneeas 410
DMAL_B_START_REG (0X50060224) ..........cccooveueireeeereeeeesesseseseesesiseesenessssessssenennenes 410
DMAL_INT_REG (0X50060228)..........ceeueeeeerereeeeeiseeeersseeesessesessesesssessesessssesessanenneees 410
DMAL LEN_REG (OX5006022C)......ccuutieiiiiieeiiiiieeestieeeesieeeesssteeessssteeeessssneesssssneassnssns 410
DMAL _CTRL_REG (0X50060230) ......ccccciitiieeiiiiieeeiiireeesieeeessreeessssseeessssseeesssssneessssenes 410
DMAL _IDX_REG (OX50060234) .....ccctiiieiiiiieeeiiiteeesieee e e sieea e s siteeaesssteeaessstneaessnsaeaesnssnas 412
DMA2_A START_REG (0X50060240) .......cceeeiiiiieeeiiiieeesiieeessieeeessiieeeesssreeessssseeesensens 413
DMA2_B START_REG (0X50060244) .......cuueeiiiiieeeiiiieeesiieeeesieeeeesiiene e s snieeeesssraeeeenneeas 413
DMA2_INT_REG (OX50060248).......ccuutieiiiiieeiiiiieeasiiteeesieeesasteeasssstenessssseeasssssenessnsenes 413
DMA2_LEN_REG (OX5006024C).......cuutieiiiieeeiiiiieeaiieeaeesiteeaessiteeesessbeeessssteeessssseeeesnseeas 413
DMA2_CTRL_REG (0X50060250) .......cccciitiiieiiiiieeaiiieeeesiieeeesiieeesesiieeesssnneeessssseeessnneens 413
DMA2_IDX_REG (OX50060254) .....cccuveieeiiiiieeiiiiieeesiiete e siiee e e e sitee e e e sntee e s snbeee e s snbaeeeenneeas 415
DMA3_A_START_REG (0X50060260) ...........coceererrrererrrreesessiseseesesiseesesessesesessasennenes 415
DMA3_B_START_REG (0X50060264) ...........coooeuerreeeerreeeesesseseseseseseesesessssesessesennenes 416
DMAS3_INT_REG (0X50060268)..........c0eceiiriieeiiiieeeeiieeeeesieeeessieeasssieeeessteeesssssaeeessssns 416
DMAS3_LEN_REG (OX5006026C)........cutieiiiiieeiiiiieeesiireeesieeeessnteeassssseeeessssssesssssneassnssnes 416
DMAS3_CTRL_REG (0X50060270) ......cccceiiiuiieeiiiiieeesiieeeesieeeesssreeeesssteeessssseeesssssneesssssnes 416
DMAS3_IDX_REG (OX50060274) ....cceitiieeiiiieeeeeiite e e stiee e e siiee e e s siteea e s snteeaessntaeaessstaeaesnsnnas 418
DMA4_A START_REG (0X50060280) .......cceeeiiirieeiiiiieeeiiieeeasieeeeasieeessssneeessssseeessnsenes 418
DMA4 B START_REG (0X50060284) .......cceeeiiiiieeiiiiieeeiiieeessieeeessiieeeesssneeessssneeasensenas 418
DMA4_INT_REG (OX50060288)........ccuuteeiiiiieeiiiiieeesiireeesiieeeesteeesssstenesssseeassssseeessssenes 418
DMA4_LEN_REG (OX5006028C).......cuutieiiiriieeiiiiieeesiieeaeesiieeeessiteeessssieeessssteeessssrenessnsnes 419
DMA4_CTRL_REG (0X50060290) .......ccceiitiieeiiiiieeeiiieeeesieeeessiteeesesnteeessssneeesssssenessnnees 419
DMA4_IDX_REG (0X50080294) .......c.curueeeeeeeeeeeeeeiseeeesesseseseeseseneeeseneseesenenenssesensaneneeeees 421
DMA5_A START_REG (0X500602A0).......cccciiiiiieeiiiiieeiiiieeeesiieeeessiieeesssibeeessseieeeesneneas 421
DMA5_B START_REG (OX500602A4).......cctiiiiiiieeiiiiie et niiee e esiiee et 421
DMAS5_INT_REG (OX500602A8) .....cccuvvieeiiiiiieeeiiieeeeeieeeeestaeaessitaeaessstaeeessntaeaessssaeaesnsenas 421
DMAS5 LEN_REG (OX500602AC) ....ccuviiieiiiiie e e et e e et e e stee e e eitee e sitae e e s sntae e e s nnrae e e nnnaas 422
DMA5 _CTRL_REG (0X500602B0).......ccccciitiieeiiiiieeeiiieeeesiieeessteeeesssieeeesssseeesssssneessnsens 422
DMAS5_IDX_REG (OX500602B4) .......cvvieeiiiiieeiiiieeeesieeeeesieeesesiteeassssteeesssstseesssssnnessnssnes 424
DMA_REQ_MUX_REG (0X50060300) .......uveeeiiirieeeriiireeasiieeessiieresssieeesssssenessssssnessnsenes 424
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Table 529: DMA_INT_STATUS_REG (0X50060304) .........ocvovovereeeeeeeeeeeeseeesseeeeeeeeeesesesesenen oo 425
Table 530: DMA_CLEAR_INT_REG (0X50060308) .........cvoteeeeeeeeeeeeeeeeeseseeesseeeseeeseseseseneneneneene 426
Table 531: DMA_INT_MASK_REG (0X5006030C).........c.ccioteeeeeeeeeeeeeeeeeeseseesseeeeseesesesesenenenenenae 427
Table 532: DMA_SET_INT_MASK_REG (0X50060310) ........ocvoveveeeeeeeeeeeeeeeeeeeeeeeeesseseneneneneneene 427
Table 533: DMA_RESET_INT_MASK_REG (0X50060314) ........cveveveveeeeeeeeeeeeeeeeeeeseeesesenenen e 428
Table 534: Register Map CRG .........uuiiiiii i e e e e e s e st e e e e e e s s sas e e e e eeeesasnntaneeaaeeesannnes 428
Table 535: CLK_AMBA_REG (0X50000000) ..........cccouevrererrimeseirereseesesessesesessessssssssessssssssesesessessssns 430
Table 536: RST_CTRL_REG (0X5000000C) ........c.coruevrerereiresiisesesessesessessessesessssesessssessssesesssssessns 431
Table 537: CLK_RADIO_REG (0X50000010) .........ceeurereeererresesesesesesessseseseesesesesesesesssessssssnesennas 431
Table 538: CLK_CTRL_REG (OX50000014) .....ueettiiieiiiiiiieeeaeeeaaiieiieeaeeesassiieeeeeeeeessssnraeeeeaesesannnnes 432
Table 539: CLK_TMR_REG (OX50000018).......uctttiiieiiiireiiieiaaeeaiiiieeieeeeessssssieeeeeeessssasnrsseeesesesaansnes 433
Table 540: CLK_SWITCH2XTAL_REG (0OX5000001C) ....eeetteiiiiiiiiiiieeieeeaaaiiiiieee e e e s eesiieeeeeae e e seinees 433
Table 541: PMU_CTRL_REG (OX50000020) .....ectteeeeeiuitrteeeieaeaaaiieeeeeaeeeaaansieseeeeesssaasssrsseeeaesesannnes 433
Table 542: SYS_CTRL_REG (0OX50000024)......ccettiiiiiitiiieete e ettt eae e e s s siibeeeeeae e e s sssnraseeaaeeesanannes 434
Table 543: SYS_STAT_REG (0X50000028) ........cueteiiiuiiieiiirieeiiireeeseitteeesasteeesssteeesssnseesssssreeesssnsnas 435
Table 544; CLK_RCLP_REG (0X5000003C) ........ceeeiiiuiiieiiiieeeiiireeeseireeesstreeesssteeessnnreesssnnseeesssnsnas 436
Table 545: CLK_XTAL32K_REG (0X50000040)...........cccoiieeerereeeeeeeeeeeeeeseseesseeeeeessesenenenen e 437
Table 546: CLK_RC32M_REG (OX50000044) ...........ccevivreieiresesrereseissessessessesesssssessssssesensesssessns 437
Table 547: CLK_RCX_REG (0X50000048).........c.cerueurererrereresesesesesesesssssesessesesesesesessssssssssesenesanas 437
Table 548: CLK_RTCDIV_REG (0X5000004C) ......c.cerurererereeereeeseseseseseisseeeeeesesesesesssssssssenenenenas 438
Table 549: BANDGAP_REG (0X50000050) .......ccttttiiiiiieiiieiaee s siiieeieeeeeessaesieeeeeeeeessssnrsseeeaesesannnnes 438
Table 550: PO_PAD_LATCH_REG (0X50000070).......cuuuuieetaeeaaiiiieeieeeaeesaannieeeeeeeessssssreeeeeaesesannne 439
Table 551: PO_SET_PAD_LATCH_REG (OX50000074).....ccteiiiiiiieiieeiaeeaaiiiiieeeeeeeesesenreeeeeae e e senenes 439
Table 552: PO_RESET_PAD_LATCH_REG (0X50000078).......ccccututittieeaiaiiiiiieeeee e e e ssiireeeeeeeeesenees 439
Table 553: P1_PAD_LATCH_REG (0X5000007C) .....cccuuutieeiaaeaaiiieieeeeeeeaaaiiiieeeeee e s sasissreseeeaeeesannees 439
Table 554: P1_SET_PAD_LATCH_REG (0OX50000080).....cccccettiuutriieeiaaaiaiiiiieeeeaeseaassnieseeeaesesaenees 439
Table 555: P1_RESET_PAD_LATCH_REG (OX50000084).........cooveveeeeeeeeeeesseeeeeeeeseseseseneneneneeae 439
Table 556: POR_PIN_REG (0X50000098)..........c.ceiieeeereeereeeeeeeeeeeeeeeeseseeeseseeeeseesesesesesenen e 440
Table 557: POR_TIMER_REG (OX5000000C)..........cccitiieeetereeeeeeeeeeeeeeeeeeeeseeee e eeesesenen s 440
Table 558: BIAS_VREF_SEL_REG (0X500000A4) ........ccooverevererereeeeeeeeeeeieeeeeeiesesesesseeesessenenennas 440
Table 559: RESET_STAT_REG (0X500000BC) .......c.ceurureerrreeeeeeeeseseeessieseeeeesesesesesesessessenenennas 441
Table 560: RAM_PWR_CTRL_REG (OX500000C0)..........cc.coerrrerrrerereseeresesseseeesssessessessenenessenenens 441
Table 561: SECURE_BOOT_REG (0X500000CC).........oourvmeeurrereseeenessessessesesesssesssssessenesessenenenns 442
Table 562: BOD_CTRL_REG (0X500000D0)...........coccrvrereerereeirrreseessessesesessessssssesessessessennesssenens 442
Table 563: DISCHARGE_RAIL_REG (0X500000D4) ......cuutttiaaiiiiiiiieeia e aaaiiiieee e e e e sesireeeeeae e senees 443
Table 564: ANA_STATUS _REG (OX500000DC) ....cceiiiuurriiieieeeeaiiiieiieeae e e s siiiieee e e e e s s eninsbeeeeeaeeesannees 443
Table 565: POWER_CTRL_REG (OX500000E0) .........ccuutiiiiaaaiaiiiiiieete ettt e e enereeee e e e e eeinees 444
Table 566: POWER_LEVEL_REG (OX500000E4) ..........cooioietoeeeeeeeeeeeeeeeeeeeeee e 445
Table 567: HIBERN_CTRL_REG (OX500000F0) ........c.eiiiiieeeteeeeeeeeeeeeeeeeeeee e 446
Table 568: PMU_SLEEP_REG (OX500000F4).........ciitteeeeereeeeeeeeeeeeeeeeeeeseee e eesesenenenenen e 446
Table 569: STARTUP_STATUS_REG (0X500000FC) .......c.oivivereseeeeeseeresessisesesssssensessessesnenesenns 447
Table 570: XTAL32M_START_REG (0X50010000) .......cevrerrrererereeeeeeeieeeeeeeseeseseseseseeeesssssenenenas 447
Table 571: XTAL32M_SETTLE_REG (0X50010004).........cccvovovevereeeeeeeeeeeeeeeeeeeeeeeseseseseseeseenesenennas 448
Table 572: XTAL32M_TRIM_REG (0X50010008) .......ccuuutieeieeeieiiiieiieeeeeeaaaeiiieeeeeeeesasnnnreeeeeaeeesannnees 450
Table 573: XTAL32M_CAP_MEAS_REG (0X5001000C) .....ccceiiiiuieiieeieeeiaaiiiiieeeeeeeeeaenieeeeeaeeeeennnees 450
Table 574: XTAL32M_FSM_REG (0X50010010).....ccciccututieeieaeeaiiieiieeeeeeaaaeiiieeeeeeeesasnnnreeeeeaeeeaaannees 451
Table 575: XTAL32M_CTRL_REG (0X50010014) ......uutiiiieieaaaaiiiiiieeee et ee e e e e nebeeee e e e e enees 452
Table 576: XTAL32M_IRQ_CTRL_REG (OX50010018) ....cceteeiiiiiiiiiieeieeeaaiiiiiieeeee e e sasniieeeeeae e e seinees 452
Table 577: XTAL32M_STATO_REG (OX50010024) .......uuuiieeiaaaiaiiieiieeae e e eiiiieee e e e e isbeeeeeae e eanees 453
Table 578: XTAL32M_IRQ_STAT_REG (0X50010028).........ocveveeeeeeeeeeeeseeeeeseeeeeeeeesesenen oo 453
Table 579: CLKDBLR_CTRL1_REG (0X50010060) ...........ocvoveeereeeeeeeeeeeeseeeeseeeeeeeeeeesesenen oo 453
Table 580: CLKDBLR_CTRL2_REG (0X50010064) .........ccoovovverereeereeereeeeeeeeeeeeeeesesesessseesesesnenennas 454
Table 581: CLKDBLR_STATUS_REG (0X50010068) ........coovoveveeeeeeeeeeeeeeesseeeeeeeeeesesesenenesen e 455
Table 582: CLK_COM_REG (0X50020504) .......cuuueteiiuieeeiiiieeesiiteeeseiieeesasteeessssseesssnsesasensreeesssnsnns 456
Table 583: SET_CLK_COM_REG (0X50020508) ...........ocesvimeerrreresesrnessessessisssssssesssssessssessssssns 456
Table 584: RESET_CLK_COM_REG (0X5002050C) .........ccovuerrrerererereseessessesesssssesssssessenensssssnens 457
Table 585: CLK_PER_REG (OX50040C04) ........ceivererereressisesisseseseessessesesessessssssesesssssessesenessnsnens 458
Table 586: SET_CLK_PER_REG (0X50040C08) .......cccututiiiiaaaiaiiieiieeaa e e s aiiieeeeeae s e assreseeeaeeesananees 458
Table 587: RESET_CLK_PER_REG (OX50040C0C).......uuutttiaaiaiiieiieeaaeeaaaiiieeeeeaeeesassnreeeeeaesesannees 458
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CLK_SYS_REG (OX50050500) .....ccesturerureraireesireesreresiresssseeessseesressssseessessssseessesssneenes 458
RegISter Map CACHE ......ooiiiii e e e e e et e e e e e e s e e e e e e e e saannnes 458
CACHE_CTRL2_REG (OXLAOCO020) .....eeeureeririeireresireeaieeesireesreeesireesneessseeessnesessneenns 459
CACHE_MRM_HITS_REG (OX1IAOCO028) .....ccuveeirererireeireeesireesreeesnneesneessneeesnessnnneenes 461
CACHE_MRM_MISSES_REG (OXLAOCO02C) ......cueterreeiieeeireesreee e sieessneeesneeesnneenes 461
CACHE_MRM_CTRL_REG (OXLTAOCO0030).......eeeirererireeareeesireesreeesnreesneesnrenesnessnnneenes 461
CACHE_MRM_TINT_REG (OX1A0C0034) .......ovvvreeeieeeeeieieeeeeseeeeeseseeeeesesens s e 462
CACHE_MRM_MISSES_THRES_REG (OX1A0C0038) ..........cceceuevererererererereerrnenenanes 462
CACHE_MRM_HITS_THRES_REG (0X1A0CO003C).......c.ccevevererererererereeeeeeeeeesenenennas 462
CACHE_FLASH_REG (OXLAOCO040) ....ccciitieeeeiriieeeiiieeeeaitieeessreeeessbeeeessnnneeessnneeeesnes 462
CACHE_EFLASH_REG (OXLAOCO044)......cuiteeeiiiiee ettt ettt e st snneee e 463
CACHE_MRM_HITSIWS_REG (OXLAO0CO048) ......ceeirieiiiiaiirieirieesiieesieeesieeesveeesineees 464
SWD_RESET_REG (OXLAOCO050) .....cceiuueerureeaieeesireeesireesireesieeesireessseeesinessneeesnnessnneess 464
Register map CMAC_CACHE .........o e 464
CM_CACHE_CTRL2_REG (OXLIALCO0020).....ccuteirererireeiireeanireesreeesneesneesnreeesnessnnneenes 465
CM_CACHE_MRM_HITS_REG (OXLTALCO028) ......ceeireeireeerireerreresireesneesnrneesnesennneenes 467
CM_CACHE_MRM_MISSES_REG (OX1IALCO02C) .....eeviiveeeirierreresireesieessneeesnenennneees 467
CM_CACHE_MRM_CTRL_REG (OXITALC0030) ......c.cocvevevererererererererereeeseeeeeesssesenennas 467
CM_CACHE_MRM_TINT_REG (OX1IAL1C0034) ......cocvevevereeeeerereeiereieeeeeeeeeeenenen s e 468
CM_CACHE_MRM_MISSES_THRES_REG (0X1A1C0038) ........cccceevererercrrcerrrnnane. 468
CM_CACHE_MRM_HITS_THRES_REG (OX1AL1CO003C) .....eteeiiiiieeeiiiieeeiireeeesieeee e 468
CM_CACHE_FLASH_REG (OXLAL1C0040) ....ceeiitrieeeiirieeeirieeeesrieeessnneeessreeeessnneee s e 468
CM_CACHE_EFLASH_REG (OXLALCO044) ....ccitiieeiiiieeee ittt snneee e 469
CM_CACHE_MRM_HITS1IWS_REG (0X1ALCO048) .....cccuveeririeiieienireerieeesineesieeesineees 470
CM_CACHE_RESET_REG (OXLALCO050) ...cccuvteirererireeaieeesireesreeesireesneessseeesreesssneenes 470
Register Map CRG_AUD ...ttt e e e e e e e e e e aaees 470
PCM_DIV_REG (0X50030040) .....ccueeirererireeaieeesieeesreee e sneesreeessnesssseeessneesneessnnessnnes 470
PCM_FDIV_REG (0X50030044) ......oociiteiairiiiieeesieiesreeesireesneesneeesnnessnnee s e e sneessnnessnnes 471
PDM_DIV_REG (0X50030048) .....ccuuteiteierireeaieeesieeesreeessreesreesseeessresasneeessneesneeessneesnnes 471
SRC_DIV_REG (0X5003004C) .....coeuiuiueereerreeeeeseeeeeseseseseseeeieeeetetesesesesesesessesesssenennas 471
REQIStEr MAP PCMIL .. .ottt e e e e naeas 472
PCM1_CTRL_REG (0X50030300) ......cceeetititeeiiuirieeaniiiieeariieeeeasiteeeeasiteeeesssneeesssnseeeesnnnees 472
PCM1_IN1_REG (OX50030304) ....ccciitutieiitiiaeaiiiteeaniteeeeasitee e s st e e s asibee e s s sibee e e s nnbeeeeenneas 473
PCM1_IN2_REG (OX50030308) ....ccccsutrteeiiurrieaaiiiiieeaniteteeasiieeesssibeeesassbeeesssibeeesssnbeeeessnneas 473
PCM1_OUTI1_REG (0X5003030C) ...ccctuterureeaireaririesieeasireesieeateeesiresasseesssseesnseesssnessnnes 473
PCM1_OUT2_REG (0X500303L0)....cccuuterureeaieearireesreresireesreeateeessresasseeesssesssseesssnessnnes 473
RegIStEr MAP SRC ...ttt e e e e e e e e e s s e e e e e e e e e e aanees 474
SRC1_CTRL_REG (OX50030100) .....eeeirereiriesirieireiesireesieeesireesreeesiseesneesseeesneeessneenes 475
SRCI1_IN_FS_REG (OX50030L04)......ccccueiairieiiiieiriiesiieeesieeesireesreeesnreesnee e e sreeesnnee e 477
SRC1_OUT_FS_REG (0X50030108) ......ceesuveeririerrrierireeiieeesieeesreeesireesneessreeesnesesnneenes 477
SRC1_IN1_REG (OX50030L10C). . .cctiiitiieeaiuiiieeeiieeeeeatreeessteeeessebeeeessnbeeeessbneeesssneeessnes 478
SRC1_IN2_REG (OX50030110) ....eeeeeeiurieeeeiireieeeiieeeeesireeessnteeeessereeeesssbeeeessseeeessnneesssne 478
SRC1_OUT1_REG (0X50030114) ...cvruieieiererreeeeeeeeeeeeeeseseeeie e e eteseseseseseaeseasesnn s s e 478
SRC1_OUT2_REG (OX50030118) ...ccciuuieeiiiiiieeeiirieeeiiieeeestieeessireeeessibneeessnbreeessnneeeeanes 478
SRC1_MUX_REG (OX5003011C) ...eeiiiutiieeiiuiiieeeiiieeeeaitteeessiteeeessibeeeessibeeeessbeeeessnneeeeanes 479
SRC1_COEF10_SET1_REG (OX50030120)......ccuutteeirreeeaiireeeeiireeessreeeessrneeessrneees e 479
SRC1 COEF32_SET1_REG (0X50030124).....ccuuteiuiiaiieeniiieeieeesiieeesieeesinee e sineesneeas 479
SRC1 COEF54_SET1_REG (0X50030128).......cceciuiiaiiieeniiieiieiesireeesieeesineesneessireeseeeas 479
SRC1 COEF76_SET1_REG (0X5003012C) ....ccuuteitiiarireaniiieiieeesieeesineesineesnreeesneesnneeas 480
SRC1_COEF98_SET1_REG (0X50030130)......cccisteterireeiieeenirierreresireesneesnneeesneeennneenes 480
SRC1_COEFOA_SET1_REG (OX50030134) ......cciitiieiiieiiieesireesieee e e snee e 480
SRC2_CTRL_REG (OX50030200) ....cciuvreeeeiutieeeeiieieeeaieeeessteeeessebeeeesssseeeessnseeeesssseesssne 480
SRC2_IN_FS_REG (0X50030204).......cccuetiireerrieireiesreessneeesieeesreessnreesnesssnenesneeesnneenes 482
SRC2_OUT_FS_REG (0X50030208) ......cccoveerreerrererreeareeasineesreessnreesnesssneeesnesssneenes 483
SRC2_IN1_REG (OX5003020C).. . ceteiiutreeeaiuriieeeitieeeesteeeesstreeessbeeeessibeeeessbreeessrseeeesne 484
SRC2_IN2_REG (OX50030210) .....eeeeeiurieeeeiitrieeeaiieeeeaitreeessiteeeessrseeesssnneeessnneeessnneeessne 484
SRC2_OUT1_REG (OX50030214) ...ccoiuteeeeiiiiieeeiiiieeestteee e sitee e stee e e sibne e e snbreeeesbneeeenaes 484
SRC2_OUT2_REG (0X50030218) ......ueeeiurieiuieeaieiesiteeasieeesiiesssteeesibeessseeesisesssssesssneessseess 484
SRC2_MUX_REG (OX500302L1C) ...ceiutieeiirieaiieeaieeesiteeasieeesiteesteeesibeessseeesinesssneeesnneesnsneas 484
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SRC2_COEF10_SET1_REG (0X50030220).......cutcitetarireerrieiieresreeesieeesineesneeesnnessneeas 485
SRC2_COEF32_SET1_REG (0X50030224).......cuteiieiiieiesieeiieee e esieeesineesneeesinessneeas 485
SRC2_COEF54_SET1_REG (0X50030228).......cccciiteterieeeniieiieiesieeesieeesineesneessnessneeas 485
SRC2_COEF76_SET1_REG (0X5003022C) ......ccccuieirieireeenireesreee e sneessneeesresesnneenns 485
SRC2_COEF98_SET1_REG (0X50030230)......cccisrererireeireeanineesreresnreesneesnreeesnesssnneenns 485
SRC2_COEFOA_SET1_REG (0X50030234) ......ccccuieirieiireeenireesreeesreesneesnneeesnenesnneenes 485
Register Map ANAMISC ........oo e et 486
CLK_REF_SEL_REG (0X50040B10)......ccciituttiiiiiieeaiiieeeeatieeessreeeessbeeeesssbneeesssseeessaes 486
CLK_REF_CNT_REG (OX50040B14) .....coiiitiiieiiiiieeeiiieee ettt et sibeee e s sbeeee e 486
CLK_REF_VAL_REG (OX50040B18)......cccciititiiiiiriieaiiieeeeitieeessrreeessbeeeessrneeessnseeessnes 487
CLK_CAL_IRQ_REG (OX50040BI1C) .....cceeiitiiieeiiiieeeiiieeeesiieeesstreeessteeeessbeeeeesnneee e e 487
Register Map AES HASH ... e e e 487
CRYPTO_CTRL_REG (OX30040000) ......cccstueeiureeareresireeanieeasireesreeessreesseesnseeesnesssneeses 488
CRYPTO_START_REG (OX30040004) ....ccctuteiiieiriiesiteeeiieeesireesteeesireesseessseeesnneeesnnee e 489
CRYPTO_FETCH_ADDR_REG (0X30040008) .......cccireeireeenireerreresreesreessnneesnenesnneenes 489
CRYPTO_LEN_REG (0X3004000C).......0cemmrteirieirererreesreeessreesressssneesnessnneeesnessssneenes 489
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1 Block Diagram
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Figure 1. DA14592 block diagram
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DA14592
2 Pinout

The DA14592 comes in two packages:

e A 3.32 mm x 2.48 mm WLCSP with 39 balls, 0.42 mm diagonal pitch.
e A5.1mmx4.3mmFCQFN with 52 pins, 0.4 mm pitch.

21 WLCSP39

This package allows for 19 GPIOs.

C PSUBFE

(Top view)

El‘g'l:?l"r'gimal . Analog signal . Quiet ground
D No conrection . Digital signal D Noisy ground
Figure 2. WLCSP39 ball assignment
Datasheet Revision 3.0 Dec 28, 2023
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Table 1: WLCSP39 Ball Description

Ball
No.

Pin Name

Type

Drive
(mA)
(Note 5)

Reset
State

Description

General Purpose I/Os (fixed pin assignment; additional functions are programmable via Px_xx_MODE_REG)

A9

PO_00

QSPI_CLK

DIO

DO

4/8/12/1
6

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose I/O port bit or alternate
function nodes. Contains state retention mechanism
during power down.

OUTPUT. QSPI RAM/Flash clock (Note 3)

G7

PO_01

QSPI_CS

DIO

DO

4/8/12/1
6

I-PU

INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-up enabled during and after
reset. General-purpose I/O port bit or alternate function
nodes. Contains state retention mechanism during power
down.

OUTPUT. QSPI RAM/Flash chip select (Note 3)

C9

PO_02

QSPI_DO

DIO

DIO

4/8/12/1
6

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose /O port bit or alternate
function nodes. Contains state retention mechanism
during power down.

INPUT/OUTPUT. QSPI RAM/Flash Data line 0 (Note 3)

D8

PO_03

QSPI_D1

DIO

DIO

4/8/12/1
6

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose 1/O port bit or alternate
function nodes. Contains state retention mechanism
during power down.

INPUT/OUTPUT. QSPI RAM/Flash Data line 1 (Note 3)

B8

PO_04

QSPI_D2

DIO

DIO

4/8/12/1
6

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose I/O port bit or alternate
function nodes. Contains state retention mechanism
during power down.

INPUT/OUTPUT. QSPI RAM/Flash Data line 2 (Note 3)

E7

PO_05

QSPI_D3

DIO

DIO

4/8/12/1
6

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose 1/O port bit or alternate
function nodes. Contains state retention mechanism
during power down.

INPUT/OUTPUT. QSPI RAM/Flash Data line 3 (Note 3)

B6

PO_06

M33_SWDIO

DIO

DIO

3.5/0.35

I-PU

INPUT/OUTPUT with selectable pull up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose 1/O port bit or alternate
function nodes. Contains state retention mechanism
during power down.

INPUT/OUTPUT. Arm Cortex-M33 Serial Wire Debug data
I/O signal.

A7

PO_07

M33_SWCLK

DIO

DI

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose 1/O port bit or alternate
function nodes. Contains state retention mechanism
during power down.

INPUT. Arm Cortex-M33 Serial Wire Debug clock signal.

D6

PO_08

DIO

3.5/0.35

I-PU

INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-up enabled during and after
reset. General-purpose I/O port bit or alternate function

Datasheet
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Ball | Pin Name
No.

Type

Drive
(mA)
(Note 5)

Reset
State

Description

CMAC_SWDIO

DIVN

DIO

DO

nodes. Contains state retention mechanism during power
down.

INPUT/OUTPUT. Arm Cortex-MO+ Serial Wire Debug data
1/0 signal.

OUTPUT. DIVN clock signal output (square wave).

c7 | Po_09

CMAC_SWCLK

DIO

DI

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose 1/O port bit or alternate
function nodes. Contains state retention mechanism
during power down.

INPUT. Arm Cortex-MO+ Serial Wire Debug clock signal.

c5 | P0_10

Timer2.PWM
GPADC_3

SDADC_3

DIO

DO
Al

Al

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose I/O port bit or alternate
function nodes. Contains state retention mechanism
during power down.

OUTPUT. Timer2/PWM output (PWM) in Sleep mode.
INPUT. Analog input of the general-purpose ADC,
channel 3.

INPUT. Analog input of the SDADC, channel 3.

E5 | PO_11

XTAL32M

DIO

DO

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose I/O port bit or alternate
function nodes. Contains state retention mechanism
during power down.

OUTPUT. XTAL32M clock signal output (square wave).

H4 | PO_12

LP_CLK

Timer.PWM

DIO

DO

DO

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose 1/O port bit or alternate
function nodes. Does not contain state retention
mechanism during power down.

OUTPUT. LP clock signal output (square wave), active
during sleep (Note 4).

OUTPUT. Timer/PWM output (PWM) in Sleep mode.

G5 | P0_13

UART Boot TX

DIO

DO

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose 1/O port bit or alternate
function nodes. Contains state retention mechanism
during power down.

OUTPUT. UART Transmit data output during boot.

J3 | PO 14

Hibernation
Wake up 1

DIO

DI

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose /O port bit or alternate
function nodes. Contains state retention mechanism
during power down.

INPUT. Wake up from hibernation mode source 1.

J5 | PO 15

UART Boot RX

DIO

DI

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose /O port bit or alternate
function nodes. Contains state retention mechanism
during power down.

INPUT. UART Receive data input during boot.

Jl | P1.00

DIO

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose /O port bit or alternate
function nodes. Contains state retention mechanism
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Ball | Pin Name Type | Drive Reset | Description
No. (mA) State
(Note 5)
during power down.
PGA_INp Al INPUT. Programmable gain amplifier positive input.
GPADC_0 Al INPUT. Analog input of the general-purpose ADC,
channel 0.
SDADC_0 Al INPUT. Analog input of the SDADC, channel 0.

H2 P1_01 DIO 3.5/0.35 | I-PD INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose 1/O port bit or alternate
function nodes. Contains state retention mechanism
during power down.

PGA_INm Al INPUT. Programmable gain amplifier negative input.

GPADC_1 Al INPUT. Analog input of the general-purpose ADC,
channel 1.

SDADC_1 Al INPUT. Analog input of the SDADC, channel 1.

G3 P1_02 DIO 3.5/0.35 | I-PD INPUT/OUTPUT with selectable pull-up/down resistor and
open drain functionality. Pull-down enabled during and
after reset. General-purpose /O port bit or alternate
function nodes. Contains state retention mechanism
during power down.

GPADC_2 Al INPUT. Analog input of the general-purpose ADC,
channel 2.

SDADC_2 Al INPUT. Analog input of the SDADC, channel 2.

RC32M DO OUTPUT. RC32M clock signal output (square wave).

Debug Interface

B6 M33_SWDIO DIO I-PU INPUT/OUTPUT. Arm Cortex-M33 Serial Wire Debug data
1/O signal.

A7 M33_SWCLK DI I-PD INPUT. Arm Cortex-M33 Serial Wire Debug clock signal.

D6 CMAC_SWDIO DIO I-PU INPUT/OUTPUT. Arm Cortex-MO+ Serial Wire Debug data
I/O signal.

C7 CMAC_SWCLK DI I-PD INPUT. Arm Cortex-MO+ Serial Wire Debug clock signal.

Clocks

Gl XTAL32Mm AO OUTPUT. Crystal output for the 32 MHz XTAL oscillator.

F2 XTAL32Mp Al INPUT. Crystal input for the 32 MHz XTAL oscillator.

QSPI RAM/Flash Interface

C9 QSPI_DO DIO INPUT/OUTPUT. QSPI RAM/Flash I/O data 0.

D8 QSPI_D1 DIO INPUT/OUTPUT. QSPI RAM/Flash I/O data 1.

B8 QSPI_D2 DIO INPUT/OUTPUT. QSPI RAM/Flash I/O data 2.

E7 QSPI_D3 DIO INPUT/OUTPUT. QSPI RAM/Flash I/O data 3.

A9 QSPI_CLK DO OUTPUT. QSPI RAM/Flash clock.

G7 QSPI_CS DO OUTPUT. QSPI RAM/Flash chip select (active LOW). This
output is HIGH in the default and reset states. No pull-up
resistor is required.

SPI Bus Interface (mapped on port Px_yy)

SPI_DI DI INPUT. SPI data input. (Note 1)
SPI_DO DO OUTPUT. SPI data output. (Note 2)
SPI_CLK DIO INPUT/OUTPUT. SPI clock.

SPI_EN DI INPUT. SPI clock enable (chip select).

12C Bus Interface (mapped on port Px_yy)
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Ball | Pin Name Type | Drive Reset | Description
No. (mA) State
(Note 5)
12C_SCL DIO/ INPUT/OUTPUT. 12C bus clock with open drain port.
DIOD Supports bit stretching by a slave in open drain mode.
12C_SDA DIO/ INPUT/OUTPUT. 12C bus data with open drain port.
DIOD
UART Interface (mapped on port Px_yy)
UART_RX DI INPUT. UART receive data.
UART_TX DO OUTPUT. UART transmit data.
UART2_RX DI INPUT. UART 2 receive data.
UART2_TX DO OUTPUT. UART 2 transmit data.
UART2_CTS DI INPUT. UART 2 clear to send.
UART2_RTS DO OUTPUT. UART 2 request to send.
ISO7816 Bus Interface (mapped on port Px_yy)
1ISO7816_CLK DO OUTPUT. Smart card (ISO7816) clock signal
1ISO7816_DATA DIO INPUT/OUTPUT. Smart card (ISO7816) I/0O data signal.
1ISO7816_RST DO OUTPUT. Smart card (ISO7816) reset signal.
1SO7816_CI DI INPUT. Smart card (ISO7816) inserted signal.
PCM Interface (mapped on port Px_yy)
PCM_DI DI INPUT. PCM input data.
PCM_DO DO OUTPUT.PCM output data.
PCM_FSC DIO INPUT/OUTPUT. PCM Frame synchronization.
PCM_CLK DIO INPUT/OUTPUT. PCM Clock
PDM Interface (mapped on port Px_yy)
PDM_DATA DIO INPUT/OUTPUT. PDM data.
PDM_CLK DO OUTPUT. PDM clock output.
Quadrature Decoder Interface (mapped on port Px_yy)
QD_CHA_X DI INPUT. Channel A for the X axis.
QD_CHB_X DI INPUT. Channel B for the X axis.
QD_CHA_Y DI INPUT. Channel A for the Y axis.
QD _CHB_Y DI INPUT. Channel B for the Y axis.
QD CHA Z DI INPUT. Channel A for the Z axis.
QD_CHB_Z DI INPUT. Channel B for the Z axis.
Analog Interface
J1 SDADC_0O Al INPUT. Analog input of the SDADC, channel 0.
H2 SDADC_1 Al INPUT. Analog input of the SDADC, channel 1.
G3 SDADC_2 Al INPUT. Analog input of the SDADC, channel 2.
C5 SDADC_3 Al INPUT. Analog input of the SDADC, channel 3.
GPADC_0 Al INPUT. Analog input of the general-purpose ADC,
Ji channel 0.
GPADC_1 Al INPUT. Analog input of the general-purpose ADC,
H2 channel 1.
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DA14592
Multi-Core BLE 5.2 SoC with Embedded Flash Final
Ball | Pin Name Type | Drive Reset | Description
No. (mA) State
(Note 5)
GPADC_2 Al INPUT. Analog input of the general-purpose ADC,
G3 channel 2.
GPADC_3 Al INPUT. Analog input of the general-purpose ADC,
C5 channel 3.
J1 PGA_INp Al INPUT. Analog input of the programmable gain amplifier
H2 PGA_INm Al INPUT. Analog input of the programmable gain amplifier
Radio Interface
Al RFIOP AlIO RF input/output. Impedance 50 Q.
A3 RFIOM AIO RF Ground
Miscellaneous
D4 nRST Al INPUT. Reset signal (active LOW).
H8 LX AIO INPUT/OUTPUT. Connection for the external DC-DC
converter inductor.
Power Supply
H6 VDD AO OUTPUT. From 0.9 to 1.2 V power rail.
2.2 pF decoupling capacitor required.
E9 VDDIO AIO OUTPUT. 1.8 V power rail.
4.7 uF decoupling capacitor required.
Al INPUT. Radio supply voltage. Connect to VDCDC
VDCDC_RF externally.
A5 4.7 uF decoupling capacitor required.
J7 VDCDC AO OUTPUT. From 1.1 V to 1.4 V power rail. 4.7 yF
decoupling capacitor required.
G9 VBAT Al INPUT. Battery connection
F4 GNDA - Analog Ground.
F8 VSSIO - Digital Ground
F6 VSS - Digital Ground
C3 GNDIF - Radio Ground
El GND_DCO - Radio Ground
E3 GND_XTAL - 32 MHz Crystal Oscillator Ground
C1 PSUBFE - Radio Ground
B4 ESDN - Radio Ground
A3 RFIOM - Radio Ground
Note 1  Data input only. MOSI in SPI slave mode, MISO in SPI master mode.
Note 2  Data output only. MISO in SPI slave mode, MOSI in SPI master mode.
Note 3  Not available for all family variances.
Note 4 PMU_CTRL_REG[LP_CLK_OUTPUT_EN].
Note 5 RDS = Reduced Driving Strength functionality (P0/1_WEAK_CTRL_REG).
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2.2 FCQFN52
This package allows for 32 GPIOs.
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Table 2: FCQFN52 Pin Description

Pin | Pin Name Type | Drive Reset | Description
No. (mA) State
(Note 5)
General Purpose I/Os (fixed pin assignment; additional functions are programmable via Px_xx_MODE_REG)
PO_00 DIO 4/8/12/16 | I-PD INPUT/OUTPUT with selectable pull-up/down resistor
30 and open drain functionality. Pull-down enabled during

and after reset. General-purpose I/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

QSPI_CLK DO OUTPUT. QSPI RAM/Flash clock (Note 3)
DO
46 PO_01 DIO 4/8/12/16 | I-PU INPUT/OUTPUT with selectable pull-up/down resistor

and open drain functionality. Pull-up enabled during
and after reset. General-purpose I/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

QSPI_CS DO OUTPUT. QSPI RAM/Flash chip select (Note 3)

28 P0O_02 DIO 4/8/12/16 | I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

QSPI _DO DIO INPUT/OUTPUT. QSPI RAM/Flash Data line 0 (Note 3)

42 PO_03 DIO 4/8/12/16 | I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose I/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

QSPI _D1 DIO INPUT/OUTPUT. QSPI RAM/Flash Data line 1 (Note 3)

29 PO_04 DIO 4/8/12/16 | I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose I/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

QSPI_D2 DIO INPUT/OUTPUT. QSPI RAM/Flash Data line 2 (Note 3)

27 P0O_05 DIO 4/8/12/16 | I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

QSPI_D3 DIO INPUT/OUTPUT. QSPI RAM/Flash Data line 3 (Note 3)

33 PO_06 DIO 3.5/0.35 I-PU INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

M33_SWDIO DIO INPUT/OUTPUT. Arm Cortex-M33 Serial Wire Debug
data I/O signal.

34 PO_07 DIO 3.5/0.35 I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

M33_SWCLK DI INPUT. Arm Cortex-M33 Serial Wire Debug clock
signal.
31 PO_08 DIO 3.5/0.35 I-PU INPUT/OUTPUT with selectable pull-up/down resistor

and open drain functionality. Pull-up enabled during
and after reset. General-purpose 1/O port bit or
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Pin | Pin Name Type | Drive Reset | Description
No. (mA) State
(Note 5)

alternate function nodes. Contains state retention
mechanism during power down.

CMAC_SWDIO | DIO INPUT/OUTPUT. Arm Cortex-MO+ Serial Wire Debug
data I/O signal.

DIVN DO OUTPUT. DIVN clock signal output (square wave).

32 PO_09 DIO 3.5/0.35 I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

CMAC_SWCLK | DI INPUT. Arm Cortex-MO+ Serial Wire Debug clock
signal.

36 PO_10 DIO 3.5/0.35 I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose I/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

Timer2.PWM DO OUTPUT. Timer2/PWM output (PWM) in Sleep mode.
GPADC_3 Al INPUT. Analog input of the general-purpose ADC,
channel 3.

SDADC_3 Al INPUT. Analog input of the SDADC, channel 3.

35 PO_11 DIO 3.5/0.35 I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose I/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

XTAL32M DO OUTPUT. XTAL32M clock signal output (square wave).

24 PO_12 DIO 3.5/0.35 I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Does not contain state
retention mechanism during power down.

LP_CLK DO OUTPUT. LP clock signal output (square wave), active
during sleep (Note 4).

Timer.PWM DO OUTPUT. Timer/PWM output (PWM) in Sleep mode.

25 PO_13 DIO 3.5/0.35 I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

UART Boot TX DO OUTPUT. UART Transmit data output during boot.

51 PO_14 DIO 3.5/0.35 I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

Hibernation DI INPUT. Wake up from hibernation mode source 1.
Wake up 1

14 PO_15 DIO 3.5/0.35 I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

UART Boot RX DI INPUT. UART Receive data input during boot.

8 P1_00 DIO 3.5/0.35 I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
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DA14592
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Pin | Pin Name Type | Drive Reset | Description
No. (mA) State
(Note 5)
alternate function nodes. Contains state retention
mechanism during power down.
PGA_INp Al INPUT. Programmable gain amplifier positive input.
GPADC_0 Al INPUT. Analog input of the general-purpose ADC,
channel 0.
SDADC_0 Al INPUT. Analog input of the SDADC, channel 0.

7 P1_01 DIO 3.5/0.35 I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose I/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

PGA_INm Al INPUT. Programmable gain amplifier negative input.

GPADC_1 Al INPUT. Analog input of the general-purpose ADC,
channel 1.

SDADC_1 Al INPUT. Analog input of the SDADC, channel 1.

47 P1_02 DIO 3.5/0.35 I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose I/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

GPADC_2 Al INPUT. Analog input of the general-purpose ADC,
channel 2.

SDADC_2 Al INPUT. Analog input of the SDADC, channel 2.

RC32M DO OUTPUT. RC32M clock signal output (square wave).

52 P1_03 DIO 3.5/0.35 I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose I/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

19 P1 04 DIO 3.5/0.35 I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

Hibernation DI INPUT. Wake up from hibernation mode source 2.
Wake Up 2

18 P1_05 DIO 3.5/0.35 I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

GPADC_4 Al INPUT. Analog input of the general-purpose ADC,
channel 4.

SDADC_4 Al INPUT. Analog input of the SDADC, channel 4.

SDADC_REFp Al INPUT. Analog input of the external SDADC positive
voltage reference

SDADC_INT_R | AO OUTPUT. Analog output of the internal SDADC voltage

EF reference.

17 P1 06 DIO 3.5/0.35 I-PD INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

GPADC_5 Al INPUT. Analog input of the general-purpose ADC,
channel 5.
SDADC_5 Al INPUT. Analog input of the SDADC, channel 5.
SDADC_REFn Al INPUT. Analog input of the external SDADC negative
reference.
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Pin

No.

Pin Name

Type

Drive
(mA)
(Note 5)

Reset
State

Description

16

P1 07

DIO

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose I/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

43

P1 08

DIO

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

13

P1_09

GPADC_6

SDADC_6

DIO

Al

Al

3.5/0.35

I-PD

INPUT / OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

INPUT. Analog input of the general-purpose ADC,
channel 6.

INPUT. Analog input of the SDADC, channel 6.

12

P1_10

DIO

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

11

P1 11

GPADC_7

SDADC_7

DIO

Al

Al

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

INPUT. Analog input of the general-purpose ADC,
channel 7.

INPUT. Analog input of the SDADC, channel 7.

44

P1 12

DIO

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

10

P1 13

XTAL32km

DIO

AO

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

OUTPUT. Analog output of the XTAL32k crystal
oscillator.

P1 14

XTAL32kp

DIO

Al
DI

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.

INPUT. Analog input of the XTAL32k crystal oscillator.
INPUT. Digital input for an external clock (square
wave).

45

P1 15

DIO

3.5/0.35

I-PD

INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-down enabled during
and after reset. General-purpose 1/O port bit or
alternate function nodes. Contains state retention
mechanism during power down.
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Pin | Pin Name Type | Drive Reset | Description
No. (mA) State
(Note 5)

Debug Interface

33 M33_SWDIO DIO I-PU INPUT/OUTPUT. Arm Cortex-M33 Serial Wire Debug
data /O signal.

34 M33_SWCLK DI I-PD INPUT. Arm Cortex-M33 Serial Wire Debug clock
signal.

31 CMAC_SWDIO | DIO I-PU INPUT/OUTPUT. Arm Cortex-MO+ Serial Wire Debug
data 1/O signal.

32 CMAC_SWCLK | DI I-PD INPUT. Arm Cortex-MO+ Serial Wire Debug clock
signal.

Clocks

10 XTAL32km AO OUTPUT. Analog output of the 32.768 kHz XTAL
oscillator.

9 XTAL32kp Al INPUT. Analog input of the 32.768 kHz XTAL crystal
oscillator.

DI INPUT. Digital input for an external clock (square
wave).

6 XTAL32Mm AO OUTPUT. Crystal output for the 32 MHz XTAL
oscillator.

5 XTAL32Mp Al INPUT. Crystal input for the 32 MHz XTAL oscillator.

QSPI RAM/Flash Interface

28 QSPI_DO DIO INPUT/OUTPUT. QSPI RAM/Flash I/O data 0.

42 QSPI_D1 DIO INPUT/OUTPUT. QSPI RAM/Flash I/O data 1.

29 QSPI_D2 DIO INPUT/OUTPUT. QSPI RAM/Flash 1/O data 2.

27 QSPI_D3 DIO INPUT/OUTPUT. QSPI RAM/Flash I/O data 3.

30 QSPI_CLK DO OUTPUT. QSPI RAM/Flash clock.

46 QSPI_CS DO OUTPUT. QSPI RAM/Flash chip select (active LOW).
This output is HIGH in the default and reset states. No
pull-up resistor is required.

SPI Bus Interface (mapped on port Px_yy)

SPI_DI DI INPUT. SPI data input. (Note 1)
SPI_DO DO OUTPUT. SPI data output. (Note 2)
SPI_CLK DIO INPUT/OUTPUT. SPI clock.
SPI_EN DI INPUT. SPI clock enable (chip select).
12C Bus Interface (mapped on port Px_yy)
12C_SCL DIO/ INPUT/OUTPUT. 12C bus clock with open drain port.
DIOD Supports bit stretching by a slave in open drain mode.
12C_SDA DIO/ INPUT/OUTPUT. 12C bus data with open drain port.
DIOD
UART Interface (mapped on port Px_yy)
UART_RX DI INPUT. UART receive data.
UART_TX DO OUTPUT. UART transmit data.
UART2_RX DI INPUT. UART 2 receive data.
UART2_TX DO OUTPUT. UART 2 transmit data.
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Pin | Pin Name Type | Drive Reset | Description
No. (mA) State
(Note 5)
UART2_CTS DI INPUT. UART 2 clear to send.
UART2_RTS DO OUTPUT. UART 2 request to send.

ISO7816 Bus Interface (mapped on port Px_yy)

1ISO7816_CLK DO OUTPUT. Smart card (1ISO7816) clock signal
1SO7816_DATA | DIO INPUT/OUTPUT. Smart card (1ISO7816) 1/O data
signal.

1ISO7816_RST DO OUTPUT. Smart card (1ISO7816) reset signal.

1ISO7816_ClI DI INPUT. Smart card (ISO7816) inserted signal.
PCM Interface (mapped on port Px_yy)

PCM_DI DI INPUT. PCM input data.

PCM_DO DO OUTPUT.PCM output data.

PCM_FSC DIO INPUT/OUTPUT. PCM Frame synchronization.

PCM_CLK DIO INPUT/OUTPUT. PCM Clock

PDM

Interface (mapped on port Px_yy)

PDM_DATA

DIO

INPUT/OUTPUT. PDM data.

PDM_CLK

DO

OUTPUT. PDM clock output.

Quadrature Decoder Interface (mapped on port Px_yy)

QD_CHA_X DI INPUT. Channel A for the X axis.
QD_CHB_X DI INPUT. Channel B for the X axis.
QD CHA Y DI INPUT. Channel A for the Y axis.
QD_CHB_Y DI INPUT. Channel B for the Y axis.
QD_CHA_Z DI INPUT. Channel A for the Z axis.
QD_CHB_Z DI INPUT. Channel B for the Z axis.
Analog Interface
8 SDADC_0O Al INPUT. Analog input of the SDADC, channel 0.
7 SDADC_1 Al INPUT. Analog input of the SDADC, channel 1.
47 SDADC_2 Al INPUT. Analog input of the SDADC, channel 2.
36 SDADC_3 Al INPUT. Analog input of the SDADC, channel 3.
18 SDADC_4 Al INPUT. Analog input of the SDADC, channel 4.
17 SDADC_5 Al INPUT. Analog input of the SDADC, channel 5.
13 SDADC_6 Al INPUT. Analog input of the SDADC, channel 6.
11 SDADC_7 Al INPUT. Analog input of the SDADC, channel 7.
8 GPADC_0 Al INPUT. Analog input of the general-purpose ADC,
channel 0.
7 GPADC_1 Al INPUT. Analog input of the general-purpose ADC,
channel 1.
47 GPADC_2 Al INPUT. Analog input of the general-purpose ADC,
channel 2.
36 GPADC_3 Al INPUT. Analog input of the general-purpose ADC,
channel 3.
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Pin | Pin Name Type | Drive Reset | Description
No. (mA) State
(Note 5)
18 GPADC_4 Al INPUT. Analog input of the general-purpose ADC,
channel 4.
17 GPADC_5 Al INPUT. Analog input of the general-purpose ADC,
channel 5.
13 GPADC_6 Al INPUT. Analog input of the general-purpose ADC,
channel 6.
11 GPADC_7 Al INPUT. Analog input of the general-purpose ADC,
channel 7.
Al INPUT. Analog input of the programmable gain
8 PGA_INp amplifier
Al INPUT. Analog input of the programmable gain
7 PGA_INm amplifier
17 SDADC_REFm | Al INPUT. Analog input of the external SDADC negative
voltage reference
18 SDADC_REFp Al INPUT. Analog input of the external SDADC positive
voltage reference
18 SDADC_INT_R | AO OUTPUT. Analog output of the internal SDADC voltage
EF reference.
Radio Interface
40 RFIOP AIO RF input/output. Impedance 50 Q.
39 RFIOM AIO RF Ground.
Miscellaneous
37 nRST Al INPUT. Reset signal (active LOW).
22 LX AIO INPUT/OUTPUT. Connection for the external DC-DC
converter inductor.
Power Supply
15 VDD AO OUTPUT. From 0.9 to 1.2 V power rail.
2.2 pF decoupling capacitor required.
26 VDDIO AlO OUTPUT. 1.8 V power rail.
4.7 uF decoupling capacitor required.
Al INPUT. Radio supply voltage. Connect to VDCDC
38 VDCDC_RF externally.
4.7 uF decoupling capacitor required.
20 VDCDC AO OUTPUT. From 1.1 V to 1.4 V power rail. 4.7 yF
decoupling capacitor required.
23 VBAT Al INPUT. Battery connection.
50 GNDA - Analog Ground.
26 VSSIO - Digital Ground.
49 VSS - Digital Ground.
2 GNDIF - Radio Ground.
3 GND_DCO - Radio Ground.
4 GND_XTAL - 32 MHz Crystal Oscillator Ground.
1 PSUBFE - Radio Ground.
41 ESDN - Radio Ground.
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Pin | Pin Name Type | Drive Reset | Description
No. (mA) State
(Note 5)
39 RFIOM - Radio Ground.
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3 Specifications

All MIN/MAX specification limits are guaranteed by design, production testing and/or statistical
characterization. Typical values are based on characterization results at default measurement
conditions and are informative only. Default measurement conditions (unless otherwise specified):
VBAT = 3.0V, Ta = 25 °C. All radio measurements are performed with standard RF measurement
equipment providing a source/load impedance of 50 Q.

The specified MIN and MAX capacitor values define the range of the effective capacitance, which
may vary over the applied voltage due to voltage derating. Refer to the component manufacturer for
the capacitor specifications.
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3.1 Absolute maximum ratings
Table 3: Absolute maximum ratings
Parameter | Description Conditions Min Max Unit
Limiting voltage on any pin unless | Default, unless otherwise )
VPINUM_DEF | (iharwise specified specified 0.1 36 v
VBAT_LIM Limiting battery supply voltage Pin Vear 0 3.6 \%
tr_sup Power supply rise time 30 ms
Vein_um_svo | Limiting voltage on a pin 3.0 VI/O pins 0 3.45 \Y
Vein_um_ivs | Limiting voltage on a pin 1.8 V I/O pins 0 1.98 \Y
Vesp_mem_rc | Electrostatic discharge voltage
QFN52 (Human Body Model) FCQFN package 2200 v
Vesp_nem wL | Electrostatic discharge voltage
csp (Human Body Model) WLCSP package 2200 v
Vesp_com_rc | Electrostatic discharge voltage
QFN52 (Charged Device Model) FCQFN package 500 v
Vesp_com_we | Electrostatic discharge voltage
csp (Charged Device Model) WLCSP package 500 v
Tste Storage temperature -50 150 °C
3.2 Recommended operating conditions
Table 4: Recommended operating conditions
Parameter | Description Conditions Min Typ Max Unit
VBaT Battery supply voltage Pin Vear 1.7 3.6 Y,
min
. Voltage between pin and (3.3,vD
VPIN_efauy | VOItage on a pin GND 0 CDC_R \%
F+0.2)
VPpIN_(DCDC_R . Supply voltage on
5 Voltage on a pin VDCDC_RF 0 1.4 \%
. XTAL32Kp, XTAL32Km,
VPIN_(1v2) Voltage on a pin XTAL32Mp, XTAL32Mm 0 1.2 \Y,
Ta Ambient temperature -40 85 °C
3.3 DC characteristics
Table 5: DC characteristics
Parameter | Description Conditions Min Typ Max Unit
CPU is idle (Wait for Interrupt
| Battery supply current 481 A
BAT-IDLE y Supply - WFI); sys_clk = 32 MHz; H
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Parameter

Description

Conditions

Min

Typ Max Unit

pclk = 4 MHz; DC-DC on;
FLASH off; peripherals off;
Vear =3 V.

IBAT_RUN_32M
Hz_RAM

Average active battery
supply current

CPU is executing code from
RAM; Cache bypassed,;
RC32M on; pclk = 4 MHz;
DC-DC on; Peripherals off;
Vear =3 V.

1.52 mA

IBAT_RUN_64M
Hz_RAM

Average active battery
supply current

CPU is executing code from
RAM; Cache bypassed;
XTAL32M on; Doubler on;
pclk = 8 MHz; DC-DC on;
Peripherals off; VBAT = 3 V.

4.78 mA

IBAT_RUN_32M
Hz_FLASH

Average active battery
supply current

CPU is executing code from
embedded FLASH; cache
bypassed; RC32M on; pclk =
4 MHz; DC-DC on;
Peripherals off; Vear =3 V.

1.16 mA

IBAT_RUN_64M
Hz_FLASH

Average active battery
supply current

CPU is executing code from
embedded FLASH; cache
bypassed; XTAL32M on;
Doubler on; pclk = 8 MHz;
DC-DC on; Peripherals off;
VBAT =3 V.

4.52 mA

IBAT_HIBERN

Battery supply current

Hibernation mode; no RAM
retained; all clocks off; DC-
DC off; Vear =3 V.

90 nA

IBAT DP_sLP

Battery supply current

Deep Sleep mode; No RAM
retained; RCX on; RTC on
DC-DC on; Vear = 3 V. Reset
on wake-up

IBAT EX_SLP 3
2KB_RET

Battery supply current

Extended Sleep mode; Both
instruction caches retained.
32 kB (data) RAM retained;
RCX on; DC-DC on; RTC on;
Voo =0.75V; Vear = 3 V.

2.6 WA

IBAT EX_SLP 6
4KB_RET

Battery supply current

Extended Sleep mode; Both
instruction caches retained.
64 kB (data) RAM retained,;
RCX on; DC-DC on; RTC on;
Vob =0.75V; Vear =3 V.

IBAT EX_SLP 9
6KB_RET

Battery supply current

Extended Sleep mode; Both
instruction caches retained.
96 kB (data) RAM retained;
RCX on; DC-DC on; RTC on;
Vop =0.75 V; Veat =3 V.

35 WA

IBAT EX_SLP 9
6KB_RET_0.9V

Battery supply current

Extended Sleep mode; Both
instruction caches retained.
96 kB (data) RAM retained,;
RCX on; DC-DC on; RTC on;
Vob =0.9V; Vear =3 V.

4.8 pA
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Parameter | Description Conditions Min Typ Max Unit
System CPU is running
IBaT coremark | Battery supply current Coremark from eFlash at 32 1.1 mA
MHz speed.
BLE receive in LP mode; fcix
[BAT BLE_RX_3 =32 MHz; CPU idle; DC-DC
o Battery supply current on: eFLASH on: Vear = 3 V. 2.67 mA
Note 1
BLE transmit mode in LP
mode; TX output power
leAT BLE TX_ 3 0 dBm; fck = 32 MHz; CPU
201 odbm Battery supply current idle: DC-DC on: eFLASH on: 4.33 mA
Vear =3 V.
Note 1
BLE receive in HP mode; fcik
[BAT BLE RX_6 = 64 MHz; CPU idle; DC-DC
™ Battery supply current on; eFLASH on: Vear = 3 V. 4.99 mA
Note 1
BLE transmit in HP mode;
TX output power 0 dBm; fcix
leat_BLE_TX_6 Battery supply current = 64 MHz; CPU idle; DC-DC 5.88 mA
4M_0dbm on; eFLASH on; Vear = 3 V.
Note 1
BLE transmit in HP mode;
| TX output power 6 dBm; fcik
BAT_BLE_TX.8 | Battery supply current = 64 MHz; CPU idle; DC-DC 9.56 mA
4M_6dbm on; eFLASH on; Vear = 3 V.
Note 1
IsaT_eFLasH_p | Battery supply current during | Veatr =3V, DCDC On, M33
) : . . 2.82 mA
ROG programming the eFlash active during programming
Battery supply current during _
leAT_EFLASH_E erasing (page or mass) the i\éTQT dzlr:i))nv’e[r);:s[e):c On, M33 2.56 mA
RASE eFlash 9
Note 1  LP/HP mode: See the "Power Modes and Rails" chapter for details.
3.4 Timing characteristics
Table 6: Timing characteristics
Parameter | Description Conditions Min Typ Max Unit
Time for normal wake-up
from GPIO toggle up to
tsta_wakeup | Supply start-up time application software 200 us
execution start running on
RC32M. Ta=25°C
Time for fast wake-up from
¢ GPIO toggle up to
STA_FAST_WA Supply start-up time application software 10 us
KEUP execution start running on
RC32M. Ta=25°C
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Parameter | Description Conditions Min Typ Max Unit
BootROM code execution
time without authentication.
Power up to booter Maux value when in
"development mode", min
tsTA_BOOT executed, start-up time value Wﬁen in "Normal" 5 20 ms
mode. Ta=25°C
Note 1
Note 1 Development mode: Debugger is enabled and device firmware can be downloaded through UART.

3.5 Thermal characteristics
Table 7: Thermal characteristics
Parameter | Description Conditions Min Typ Max Unit
Thermal resistance (junction WLCSP39 package, 4L
Reua_P1_Ha : JEDEC PCB, 0.24 W Power 37.1 °C/W
to ambient 8JA) S
map, Still air
. . . FCQFNA48 package, 4L
Rompa e | Jlermal resistance (junction | 3ene e peB 0,24 W Power 37.9 °CIW
to ambient 8JA) e
map, Still air
3.6 Reset characteristics
Table 8: PAD_RST - Recommended operating conditions
Parameter | Description Conditions Min Typ Max Unit
Parameters applicable in
ViH HIGH level input voltage active/sleep modes; Vop = 0.63 Y,
09V
Parameters applicable in
Vi LOW level input voltage active/sleep modes; Vop = 0.27 \%
09V
Parameters applicable in
VIH_vBAT HIGH level input voltage hibernation mode; Veat = 1.26 \Y
1.8V
Parameters applicable in
ViL_veaT LOW level input voltage hibernation mode; Vear = 0.54 \%
1.8V
Table 9: PAD_RST - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
li_pu LOW level input current Vi=Vss =0V, Vear= 1.8V -110 -35 A
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3.7 Brown-out detector characteristics

Table 10: BOD - DC characteristics

Parameter | Description Conditions Min Typ Max Unit
::PST—VDD—SL Reset voltage 0.67 0.7 0.73 v
VRSTVODAC | Reset voltage 102 | 105 | 108 | V
TIVE_1

VRSTVODAC | Reset voltage 075 | 078 | 081 | V
TIVE_2

VRsT_vi8 Reset voltage 1.52 1.56 1.6 \%
VRSTVOCDC. | Reset voltage 096 | 099 | 102 | Vv
ACTIVE

Table 11: BOD - Electrical performance

Parameter | Description Conditions Min Typ Max Unit

VHys Hysteresis for rising level 1.25 25 3.75 %

3.8 Power on reset at VBAT rail characteristics

Table 12: POR VBAT - DC Characteristics

Parameter | Description Conditions Min Typ Max Unit
Viuvs_por_ve | Treshold voltage hysteresis 35 200 mv
AT for reset

VrtH_por_vea | Threshold voltage level to

1100 1500 1700 mV
T release reset

3.9 General purpose ADC characteristics

Table 13: GP ADC - Recommended operating conditions

Parameter | Description Conditions Min Typ Max Unit
NBiT_abc Number of bits (resolution) 10 bit
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Table 14: GP ADC - DC characteristics

Final

Parameter | Description

Conditions

Min

Typ Max

Unit

Gain error without software

Ee correction (single-ended)

No Chopping, Offset
Calibration,
GP_ADC_CTRL2 REG.GP_
ADC_STORE_DEL=0x3,
GP_ADC_CTRL2_REG.GP_
ADC_SMPL_TIME=0x4,
GP_ADC_CTRL2_REG.GP_
ADC_CONV_NRS=0x7

%

Offset error without software

Eors correction (single-ended)

No Chopping, Offset
Calibration,
GP_ADC_CTRL2_REG.GP_
ADC_STORE_DEL=0x3,
GP_ADC_CTRL2 REG.GP_
ADC_SMPL_TIME=0x4,
GP_ADC_CTRL2_REG.GP_
ADC_CONV_NRS=0x7

30

LSB

Gain error after software

Ec_cor correction (single-ended)

Chopping=1, Offset
Calibration, Software
Correction,
GP_ADC_CTRL2_REG.GP_
ADC_STORE_DEL=0x3,
GP_ADC_CTRL2_REG.GP_
ADC_SMPL_TIME=0x4,
GP_ADC CTRL2 REG.GP_
ADC_CONV_NRS=0x7

-15

15

%

Offset error after software

Eors_cor correction (single-ended)

Chopping=1, Offset
Calibration, Software
Correction,
GP_ADC_CTRL2 _REG.GP_
ADC_STORE_DEL=0x3,
GP_ADC_CTRL2 REG.GP_
ADC_SMPL_TIME=0x4,
GP_ADC CTRL2 REG.GP_
ADC_CONV_NRS=0x7

LSB

Gain error without software

Ec_or correction (differential)

No Chopping, Offset
Calibration,
GP_ADC_CTRL2_REG.GP_
ADC_STORE_DEL=0x3,
GP_ADC_CTRL2_REG.GP_
ADC_SMPL_TIME=0x4,
GP_ADC_CTRL2_REG.GP_
ADC_CONV_NRS=0x7

3.5

%

Offset error without software

Eors_orr correction (differential)

No Chopping, Offset
Calibration,
GP_ADC_CTRL2_REG.GP_
ADC_STORE_DEL=0x3,
GP_ADC_CTRL2_REG.GP_
ADC_SMPL_TIME=0x4,
GP_ADC_CTRL2_REG.GP_
ADC_CONV_NRS=0x7

20

LSB

Gain error after software

Ee pIF COR | correction (differential)

Chopping=1, Offset
Calibration, Software
Correction,
GP_ADC_CTRL2_REG.GP_
ADC_STORE_DEL=0x3,

-1.5

15

%
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Parameter | Description

Conditions

Min

Typ

Max Unit

GP_ADC_CTRL2_REG.GP_
ADC_SMPL_TIME=0x4,
GP_ADC_CTRL2_REG.GP_
ADC_CONV_NRS=0x7

Offset error after software

E . . .
OFS_DIFCOR | correction (differential)

Chopping=1, Offset
Calibration, Software
Correction,

GP_ADC_CTRL2 REG.GP_
ADC_STORE_DEL=0x3,
GP_ADC_CTRL2_REG.GP_
ADC_SMPL_TIME=0x4,
GP_ADC_CTRL2_REG.GP_
ADC_CONV_NRS=0x7

-4

8 LSB

Extra gain error of the

E
GATTNX attenuator

Chopping=1, Offset
Calibration, Software
Correction,
GP_ADC_CTRL2_REG.GP_
ADC_STORE_DEL=0x3,
GP_ADC_CTRL2 REG.GP_
ADC_SMPL_TIME=0x4,
GP_ADC_CTRL2_REG.GP_
ADC_CONV_NRS=0x7

INL Integral non-linearity

Single ended, Chopping=1,
Offset Calibration, Software
Correction,
GP_ADC_CTRL2_REG.GP_
ADC_STORE_DEL=0x3,
GP_ADC_CTRL2 REG.GP_
ADC_SMPL_TIME=0x4,
GP_ADC_CTRL2_REG.GP_
ADC_CONV_NRS=0x7

2 LSB

DNL Differential non-linearity

Single ended, Chopping=1,
Offset Calibration, Software
Correction,
GP_ADC_CTRL2_REG.GP_
ADC_STORE_DEL=0x3,
GP_ADC_CTRL2 REG.GP_
ADC_SMPL_TIME=0x4,
GP_ADC_CTRL2 REG.GP_
ADC_CONV_NRS=0x7

2 LSB

INL_pir Integral non-linearity

Differential, Chopping=1,
Offset Calibration, Software
Correction,
GP_ADC_CTRL2 _REG.GP_
ADC_STORE_DEL=0x3,
GP_ADC_CTRL2 REG.GP_
ADC_SMPL_TIME=0x4,
GP_ADC CTRL2 REG.GP_
ADC_CONV_NRS=0x7

2 LSB

DNL pir Differential non-linearity

Differential, Chopping=1,
Offset Calibration, Software
Correction,
GP_ADC_CTRL2_REG.GP_
ADC_STORE_DEL=0x3,
GP_ADC_CTRL2_REG.GP_
ADC_SMPL_TIME=0x4,

-2

2 LSB
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Parameter | Description Conditions Min Typ Max Unit
GP_ADC_CTRL2_REG.GP_
ADC_CONV_NRS=0x7
No averaging, no chopping,
ENOB Effective Number of Bits Single-Ended: Vinpp = 8 bit
800 mV
. . 128x averaging, Single- .
ENOBavci2s | Effective Number of Bits Ended: Vinpp = 800 mV 11 bit
Table 15: GP ADC - Electrical performance
Parameter | Description Conditions Min Typ Max Unit
tconv_apc Conversion time of the ADC 500 ns
GP_ADC_CTRL2_REG[GP_
ton_LDo Turn-on time of the LDO ADC_I20U] = 1. Settling of 15 us
LDO within 10 bit
3.10 ZA ADC characteristics
3.10.1 Audio ADC characteristics
Table 16: ADC audio - Recommended operating conditions
Parameter | Description Conditions Min Typ Max Unit
fs Output sample rate OSR = 62.5x (fixed) 16 kHz
v Differential full-scale input 2*VRE v
IN_FS_DIF voltage (peak-to-peak) F/ACL
Vv Single-Ended full-scale input VREF/ Vv
IN_FS_SE voltage (peak-to-peak) ACL
ViN_cm Common mode input voltage | Internally generated 450 mV
Table 17: ADC audio - Electrical performance
Parameter | Description Conditions Min Typ Max Unit
AcL = 0dB, 20 Hz <=freq <=
Abroor Passhand droop 7 kHz (decimation filter feutoft 0.4 dB
is at 7 kHz)
Astp Gain step fsignal = 1 kHz 5.8 6 6.1 dB
Spurious-free dynamic range | fsigna = 1 kHz, AcL = 0 dB, Vin
SFDRoF |y Differential mode = -2 dBFS [ dBFS
Spurious-free dynamic range | fsigna = 1 kHz, AcL = 0 dB, Vin
SFDR se in Single-Ended mode = -2 dBFS 75 dBFS
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Parameter | Description Conditions Min Typ Max Unit
Signal to noise ratio in fsignat = 1 kHz, AcL = 0 dB, Vin
SNR prF Differential mode =-2 dBFS 3 dB
Signal to noise ratio in fsignat = 1 kHz, AcL = 0 dB, VIn
SNR sz Single-Ended mode =-2dBFS 69.5 dB
Total harmonic distortion in fsignal = 1 kHz, AcL = 0 dB, Vin
THD o Differential mode =-2 dBFS 71 dB
Total harmonic distortion in fsignat = 1 kHz, AcL = 0 dB, VIn
THD _se Single-Ended mode =-2 dBFS 73 d
Signal-to-noise and distortion | fsignat = 1 kHz, AcL = 0 dB, Vin
SINAD _prr ratio in Differential mode =-2 dBFS 68.5 dB
Signal-to-noise and distortion | fsignat = 1 kHz, AcL = 0 dB, Vin
SINAD se ratio in Single-Ended mode =-2dBFS 67 dB
VIN_oFs Input offset voltage -4 0 4 mV
A i Closed loop gain PGA_GAIN = 0x0 (-12 dB) 12 dB
ctmin P9 fsignal = 1 kHz
A Closed loop gain PGA_GAIN =0x7 (+30 dB) 30 dB
cLmax P9 fsignal =1kHz
Table 18: ADC audio - AC characteristics
Parameter | Description Conditions Min Typ Max Unit
. . V30, Ac. =0dB, 20 Hz <=
PSRR pF Power supply rejection ratio fdist <= 8 kHz 60 dB
. . V30, Ac. =0dB, 20 Hz <=
PSRR se Power supply rejection ratio fdist <= 8 kHz 60 dB
. Differential mode, AcL = 0 dB
Z Input impedance to +30 dB 20 kQ
Table 19: ADC audio - External electrical conditions
Parameter | Description Conditions Min Typ Max Unit
NeiT Number of bits output word 16 bits
3.10.2 Sensor ADC characteristics
Table 20: ADC sensor - Recommended operating conditions
Parameter | Description Conditions Min Typ Max Unit
Neir Number of bits (resolution) OSR = 1024x 16 bit
VRErF Reference voltage 0.9 \%
fs Output sample rate OSR 256x <-> 2048x 488 3906 Hz
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Parameter | Description Conditions Min Typ Max Unit
Vv Differential full-scale input 2*VRE Vv
INFS_DIFF voltage (peak-to-peak) F
Single ended full-scale input
VinFs s voltage (peak-to-peak) VREF v
Table 21: ADC sensor - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
Integral non-linearity, LSB OSR=1024x. Differential
i wrt 15 bits accurac - ' -
INL_oie_int_ref y mode, Internal Reference 2 115 | LsB
Note 1
. Integral non-linearity, LSB OSR=1024x, Single Ended )
INL_se_intref | 1t 15 bits accuracy Mode, Internal Reference 2 12 LSB
INL_piF_ext re | Integral non-linearity, LSB OSR=1024x, Differential 1 12 LSB
f wrt 15 bits accuracy Mode, External reference
Integral non-linearity, LSB OSR=1024x, Single Ended )
INL_se_ext_ref | 115 bits accuracy Mode, External reference 4 4 LSB
DNL pir int r | Differential non-linearity, LSB | OSR=1024x, Differential
. -2 2 LSB
ef wrt 15 bits accuracy Mode, Internal reference
DNL sk int re | Differential non-linearity, LSB | OSR=1024x, Single Ended
. -2 2 LSB
f wrt 15 bits accuracy Mode, Internal reference
DNL pir_ext r | Differential non-linearity, LSB | OSR=1024x, Differential
. -1 1 LSB
ef wrt 15 bits accuracy Mode, External reference
DNL st ext r | Differential non-linearity, LSB | OSR=1024x, Single Ended
. -1 1 LSB
ef wrt 15 bits accuracy Mode, External reference
OSR=1024x, Differential
Ec_piF_ext_ref | Gain error mode, External reference, T -0.25 0.25 %
=25
OSR=1024x, Single Ended
Ec_se_ext_ref | Gain error Mode, External reference, T -0.25 0.25 %
=25,
) OSR=1024x, Differential
Eors_piF_int r | Offset error, LSB wrt 15b mode, Internal reference, T = 2 2 LSB
ef accuracy
25
_ OSR=1024x, Single Ended
Eors_se_int_re | Offset error, LSB wrt 15b Mode, Internal reference, T = 2 2 LSB
f accuracy
25
OSR=1024x, Differential
Eors_piF_ext r | Offset error, LSB wrt 15b Mode, External reference, T 1 1 LSB
ef accuracy o
=25
OSR=1024x, Differential
Eors_se_ext_r | Offset error, LSB wrt 15b mode, External reference, T 1 1 LSB
ef accuracy _
=25
DCDC off, VBAT =3V,
IsuP_250kHz supply current f CLK = 250 kHz 135 A
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Parameter | Description Conditions Min Typ Max Unit
DCDC off, VBAT =3V,
IsuP_s00kHz supply current f CLK = 500 kHz 150 MA
DCDC off, VBAT =3V,
Isup_1MHz supply current f CLK = 1 MHz 175 MA
DCDC off, VBAT =3V,
Isup_2MHz supply current f CLK = 2 MHz 220 MA
Note 1 INL is the deviation of a code from a straight line passing through the actual end points of the transfer

Parameter | Description Conditions Min Typ Max Unit
OSR = 1024x, Differential
iNR—D'F-i”‘-r Signal to noise ratio T(l)(zjg:;te\r/?,? Lreference, Fin 77 dB
0.9*VIN_FS_DIFF
OSR = 1024, Single Ended
:NRfsEJnU Signal to noise ratio ?ggg,llir;t’e\r/rrjlzreference, Fin 70 dB
0.9*VIN_FS_SE
OSR = 1024, Differential
zNR—D'F—eXt- Signal to noise ratio E],gd:ele(;( tsrzljzilllLelerence, 84 dB
0.9*VIN_FS_DIFF
OSR = 1024x, Single Ended
iNR—SE-EX‘-r Signal to noise ratio E}Sieleg tsrzrja:I/”:elerence, 82 dB
0.9*VIN_FS_SE
PSRR Power supply rejection ratio | At 120 Hz 60 dB
3.11 DCDC converter characteristics
Table 23: DCDC - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
Lext External inductor 2 2.2 2.4 uH
Cour External capacitor E;flf;g(\e/e value at DC output 2 uF
IL_acTive Load current active mode 15 40 mA
IL_sLeep Load current sleep mode 2 300 HA
Table 24: DCDC - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
Vacc_acTive | Output voltage accuracy ACTIVE MODE 3 %
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Parameter | Description Conditions Min Typ Max Unit
Vacc_steep | Output voltage accuracy SLEEP MODE 4 %
Vo_pcpc_o DC output voltage DCDC_LEVEL = 0x0 1.1 \
Vo_pcpe_1 DC output voltage DCDC_LEVEL =0x1 1.15 \Y
Vo_pcpc_2 DC output voltage DCDC_LEVEL =0x2 1.2 \%
Vo_pcpc_3 DC output voltage DCDC_LEVEL =0x3 1.25 \%
Vo_pcbc_a DC output voltage DCDC_LEVEL = 0x4 1.3 \
Vo_pcbe_s DC output voltage DCDC_LEVEL = 0x5 1.35 \%
Vo_pcbce_6 DC output voltage DCDC_LEVEL = 0x6 1.4 \%
Vo_pcpc_7 DC output voltage DCDC_LEVEL = 0x7 1.45 \%
Vear=3.0V
. - Vour=1.1V
Nconv Conversion efficiency LLoa = 20 MA 90 %
Normal Mode
Vear=3.0V
VRPL_PP Ripple voltage Vour=1.1V 5 15 25 mvV
ILoap =1 - 40 mA
Cext =2 yF
lQ_veaT Quiescent current VBAT =3.0V 10 18 26 PA
No load
Table 25: DCDC - External electrical conditions
Parameter | Description Conditions Min Typ Max Unit
ESRL Inductor ESR 200 mQ
3.12 LDOs characteristics
Table 26: LDO_CORE - Recommended operating conditions
Parameter | Description Conditions Min Typ Max Unit
IL_Lbo LDO load current \2/6(? E\O/P_LDO_CORE >= 20 0 mA
CL_oo Effective load capacitance 0.47 5 uF
ESRcL oo | Equivalent series resistance 1 100 mQ
Datasheet Revision 3.0 Dec 28, 2023
CFR0011-120-00 53 of 498 © 2023 Renesas Electronics




LENESAS

DA14592
Multi-Core BLE 5.2 SoC with Embedded Flash Final
Table 27: LDO_CORE - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
lo_veaT_act | Quiescent current LDO enabled, Unloaded 10 MA
lo_vbeoe_acT | Quiescent current LDO enabled, Unloaded 10 MA
Table 28: LDO_CORE_ret - Recommended operating conditions
Parameter | Description Conditions Min Typ Max Unit
. V_DROP_LDO CORE_RET
IL_max Maximum load current >Z 200 MV 0.4 mA
CL_po Effective load capacitance 0.47 4.7 uF
ESRcL tbo | Equivalent series resistance 1 100 mQ
Table 29: LDO_IO - Recommended operating conditions
Parameter | Description Conditions Min Typ Max Unit
IL_Lbo Load current 0 20 mA
CL_Lpo Effective load capacitance 2.2 100 uF
ESRcL oo | Equivalent series resistance 1 100 mQ
Table 30: LDO_IO - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
Vipo LDO output voltage Vear>=2.1V 1.62 18 1.98 \%
Table 31: LDO_IO_RET - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
IL_Lbo Load current Vear > 1.9V 2 mA
CL_Loo Effective load capacitance 2.2 100 uF
1ESSRCL—LD°- Equivalent series resistance 1 100 mQ
Vi
Table 32: LDO_LOW - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
IL_Loo_tow Load current 0.1 40 mA
CTIVE
IL_Loo_tow_s Load current 0.1 1000 MA
LEEP
CiL_po_tow [ Effective load capacitance 2.2 10 uF
Datasheet Revision 3.0 Dec 28, 2023

CFR0011-120-00

54 of 498

© 2023 Renesas Electronics




LENESAS

DA14592
Multi-Core BLE 5.2 SoC with Embedded Flash Final
Parameter | Description Conditions Min Typ Max Unit
LEjVRCL—LDO- Equivalent series resistance 1 100 mQ
3.13 Embedded Flash characteristics
Table 33: eFlash - Absolute Maximum Ratings
Parameter | Description Conditions Min Max Unit
N Number of times a bit can be > 3
BITWRITE | brogrammed before erase
Endurance in erase cycles per
Nenbu page 10000 cycle
tpATA_RET Data retention At 85 °C 10 Years
Table 34: eFlash - Timing Characteristics
Parameter | Description Conditions Min Typ Max Unit
tacc 0.9 Access time VDD =0.9V 65 ns
tacc 1.2 Access time VDD =1.2V 23 ns
Time for programming a VDD =12V
tproG word VBAT = 2.5V 8 16 bs
Page Erase Time (page=2 |VDD=1.2V
tERASE_PAGE kB) VBAT = 2.5 V/ 80 160 ms
. VDD =12V
terase_mass | Mass Erase Time VBAT = 2.5 V 80 160 ms
tse_seG Suspend erase time segment 1 10 ms
Wake-up time from sleep to
twu_sLp standby 2.5 35 us
3.14 32 kHz crystal oscillator characteristics
Table 35: XTAL oscillator 32kHz - Recommended operating conditions
Parameter | Description Conditions Min Typ Max Unit
At pin XTAL32Kp/P1_14 in
feLk_ext External clock frequency GPIO mode 10 100 kHz
ESR Equivalent series resistance 100 kQ
No external capacitors are
CL Load capacitance required for a 6 pF or 7 pF 6 7 9 pF
crystal.
Co Shunt capacitance 1 2 pF
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Parameter | Description Conditions Min Typ Max Unit
Timing accuracy is
Crystal frequency tolerance dominated by crystal )
Afxra (including aging) accuracy. A much smaller 250 250 ppm
value is preferred.
Pprv_max Maximum drive power Note 1 0.1 pW
Note 1  Select a crystal that can handle a drive level of at least this specification.
3.15 32 MHz crystal oscillator characteristics
Table 36: XTAL32MHz Oscillator - Recommended operating conditions
Parameter | Description Conditions Min Typ Max Unit
AfxtaL_trv | Crystal frequency trim 2 ppm
In case of external clock
source on XTAL32Mp
VcLk_ext External clock voltage (XTAL32Mm floating or 0.9 \%
connected to mid-level 0.6 V)
A crystal used that can
PbRrv(max) Maximum drive power handle the drive level 100 uW
specified.
. fc = 50 kHz; in case of dBc/H
PN_EXT_32m Phase noise external clock source -130 z
fxTAL_32m Crystal oscillator frequency 32 MHz
After optional trimming;
including aging and
AfxraL Crystal frequency tolerance temperature drift -20 20 ppm
Note 1
Untrimmed; including aging
Afxtai_unt | Crystal frequency tolerance | and temperature drift -40 40 ppm
Note 2
ESR _1prF Equivalent series resistance | Co < 1pF 200 Q
ESR_spr Equivalent series resistance | Co < 3 pF 80 Q
ESR_spr Equivalent series resistance | Co <5 pF 50 Q
. No external capacitors are
CL Load capacitance required 4 6 8 pF
Note 1  Using the internal varicaps a wide range of crystals can be trimmed to the required tolerance.

Note 2

Table 37: XTAL32MHz Oscillator - DC characteristics

Maximum allowed frequency tolerance for compensation by the internal varicap trimming mechanism.

Parameter | Description Conditions Min Typ Max Unit
OSF(32M) | Oscillator Safety Factor 3
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Parameter | Description Conditions Min Typ Max Unit
Isup_vBAT AC
e Supply current 5 MA
Isup_vbepe A
orive Supply current 250 MA
Table 38: XTAL32MHz Oscillator - Timing characteristics
Parameter | Description Conditions Min Typ Max Unit
tstaxTan) (32 | Crystal oscillator start-up
M) time 0.65 ms
3.16 RCX oscillator characteristics
Table 39: RCX Oscillator - Timing characteristics
Parameter | Description Conditions Min Typ Max Unit
Afrc/AT 1 Frequency accuracy per °C 0<T<60 150 ppergld
o ppm/d
Afrc/AT > Frequency accuracy per °C -40<T<115 100 200 eg
Afrc/AV _vea | Supply voltage dependency 50 ppm/V
T (VBAT_HIGH)
Supply voltage dependenc
Afrc/AV _vbp (Vgg)y 9 P Y 50 ppm/V
fre RC oscillator frequency At default trim setting 12 15 19 kHz
3.17 32/512 kHz RC oscillator characteristics
Table 40: RCLP Oscillator - Timing characteristics
Parameter | Description Conditions Min Typ Max Unit
freLp_32 RCLP oscillator frequency Trimmed 20 32 50 kHz
frcLp_ 512 RCLP oscillator frequency Trimmed 350 512 650 kHz
3.18 32 MHz RC oscillator characteristics
Table 41: RC32MHz Oscillaor - Timing characteristics
Parameter | Description Conditions Min Typ Max Unit
fReazM_TRIMM RC oscillator frequency RC re-timmed at every 28.5 30.2 32 MHz
ED temperature
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3.19 Clock doubler characteristics

Table 42: Clock doubler - AC characteristics
Parameter | Description Conditions Min Typ Max Unit
feLk_out Output clock frequency 64 MHz
fewkn Input clock frequency I)?_Fxtglzcmk can only be the 32 MHz

3.20 Temperature sensor characteristics

Table 43: Temperature Sensor - Electrical performance
Parameter | Description Conditions Min Typ Max Unit

Temperature coefficient of LSB/°
TC_sense the internal temperature 2.1 2.3 2.5 I
sensor, reading via GP_ADC

3.21 Digital I/O characteristics

Table 44: GPIO - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
Vbbio Pad supply voltage 1.65 3.6 \%
ViH HIGH level input voltage Vop = 0.9V, Vobio = 1.8V 0.63 \Y
Vi LOW level input voltage Vop=0.9V, Vobio =1.8V 0.27 \Y

Table 45: GPIO - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
liH HIGH level input current Vi=VvDDIO =30V, T=25 0.5 nA
I LOW level input current ;A;\\//S:Q,rl(:) 2:50 V, VDDIO = 0.5 nA
liH_PD HIGH level input current Vi=VDDIO =18V 35 110 WA
li_pu LOW level input current Vi=Vss=0V,VDDIO=18V | -110 -35 A
VoH HIGH level output voltage lo=3.5mA,VDDDIO=18V | 1.44 \%
VoL LOW level output voltage lo=3.5mA, VDDIO =18V 0.36 \%
Voun_Lowprv | HIGH level output voltage lo=0.35mA,VDDIO =18V | 1.44 \%
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Parameter | Description Conditions Min Typ Max Unit
VoL_Lowprv | LOW level output voltage lo=0.35mA, VDDIO = 1.8V 0.36 \%
CiN Input capacitance 0.75 pF
3.22 Wake-up I/O characteristics
Table 46: GPIO_WAKEUP - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
V HIGH level input voltage Vear =1.8V 1.26 \%
IH_VBAT 9] g Note 1 .
ViL_veat LOW level input voltage Vear = 1.8V 0.54 \%
Note 1 Pad characteristics are equal to the standard GPIO pads unless overruled or added in this table
3.23 QSPI characteristics
Table 47: QSPI PAD - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
Vobio Pad supply voltage 1.65 3.6 \Y
ViH HIGH level input voltage Vopio = 1.8V 1.26 Y
Vi LOW level input voltage Vopio =1.8V 0.54 Y
Table 48: QSPI PAD - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
liH HIGH level input current Vi=VDDIO =3.0V, T =25 0.5 nA
. Vi=VSSIO =0V, VDDIO =
I LOW level input current 30V.T=25 0.5 nA
VoH_16mA HIGH level output voltage lo=16 mA, VDDIO =1.8V 1.44 \Y
VoL_i6ma LOW level output voltage lo=16 mA, VDDIO =1.8V 0.36 \Y
HIGH level input current with _ _
liH_PD pull-down Vi=VDDIO =18V 25 75 A
L pu LOW level input current with VI=VSS, VDDIO = 1.8 V 75 25 UA
pull-up
CiN Input capacitance 0.87 pF
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3.24 Radio characteristics
Table 49: Radio BLE 1M LP - Recommended operating conditions
Parameter | Description Conditions Min Typ Max Unit
foPer Operating frequency 2400 2483.5| MHz
NchH Number of channels 40 1
fen Channel frequency K=0to 39 2?’3? MHz
Table 50: Radio BLE 1M LP - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
Radio receiver and
synthesizer active; ideal DC-
IBAT_RF_RX Battery supply current DC converter with Vear =3V 1.2 mA
and Vbococ rr=1.1V; Ta=
25°C
Radio transmitter and
synthesizer active; power
IBAT_RF_TX_0d setting = 9; ideal DC-DC
o Battery supply current converter with Vear = 3 V 2.3 mA
and Vpococ RF= 1.1 V; Ta=
25°C
Radio transmitter and
synthesizer active; power
IBAT RF TX - setting = 6; ideal DC-DC
3dBm Battery supply current converter with Vear =3V L7 mA
and Vococ Rr = 1.1V; Ta=
25°C
Radio transmitter and
synthesizer active; power
IBAT_RF_TX_- setting = 4; ideal DC-DC
6dBm Battery supply current converter with Veatr =3V 13 mA
and Vpococ RF = 1.1V; Ta=
25°C
Radio transmitter and
synthesizer active; power
IBAT RF TX - setting = 2; ideal DC-DC
12dBm Battery supply current converter with Vear =3V 0.9 mA
and Vococ RF = 1.1V; Ta=
25°C
Radio transmitter and
synthesizer active; power
IBAT RF_TX_- setting = 1; ideal DC-DC
18dBm Battery supply current converter with Veatr =3V 0.7 mA
and Vbococ rr=1.1V; Ta=
25°C
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Table 51: Radio BLE 1M LP - AC characteristics

Final

Parameter

Description

Conditions

Min

Typ

Max Unit

Psens_cLEan

Sensitivity level

Dirty Transmitter disabled;
DC-DC converter disabled,;
PER = 30.8%; Vbcpoc_ rF = 1.1
\%

Note 1

dBm

Psens_EpkT

Sensitivity level

Extended packet size (255
octets)

-93.5

dBm

Psens

Sensitivity level

Normal Operating
Conditions; DC-DC converter
disabled; PER = 30.8%

Note 1

dBm

PiNT_IMD

Intermodulation distortion
interferer power level

Worst-case interferer level @
f1, f2 with 2*f1 - f2 = fo, |f1 - f2|
=nMHzandn=3,4,5;
PwanTtep = -64 dBm @ fo;
PER = 30.8%

Note 2

dBm

CIRo

Carrier to interferer ratio

n = 0; interferer @ f1 = fo +
n*1 MHz

Note 2

dB

CIRwm1

Carrier to interferer ratio

n =-1; interferer @ f1 = fo +
n*1 MHz

Note 2

daB

CIRp1

Carrier to interferer ratio

n = +1; interferer @ f1 = fo +
n*1 MHz

Note 2

daB

CIRp2

Carrier to interferer ratio

n =+2; interferer @ f1 =fo +
n*1 MHz

Note 2

dB

CIRm2

Carrier to interferer ratio

n = -2 (image frequency);
interferer @ f1 = fo + n*1 MHz
Note 2

daB

CIRp3

Carrier to interferer ratio

n = +3; interferer @ f1 = fo +
n*1 MHz

Note 2

daB

CIRwm3

Carrier to interferer ratio

n = -3 (image frequency + 1
MHz); interferer @ f1 = fo +
n*1 MHz

Note 2

daB

CIRps

Carrier to interferer ratio

n = +4; interferer @ f1 =fo +
n*1 MHz

Note 2

dB

CIRwm4

Carrier to interferer ratio

n = -4; interferer @ f1 = fo +
n*1 MHz

Note 2

daB
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Parameter | Description Conditions Min Typ Max Unit
|n| = 5 (any other BLE
. . . channel); interferer @ f1 = fo
CIRs Carrier to interferer ratio +n*1 MHz -51 dB
Note 2
30 MHz < fsL < 2000 MHz;
PeL_i Blocker power level PwanTep = -67 dBm 5 dBm
Note 2
Blocker power level 2003 MHz < fgi < 2399 MHz;
PeL_i P Pwantep = -67 dBm 0 dBm
Note 3 Note 2
2484 MHz < faL < 2997 MHz;
PsL_m Blocker power level PwanTep = -67 dBm 0 dBm
Note 2
3000 MHz = fgL < 12.75 GHz;
PsL_v Blocker power level PwanTep = -67 dBm 5 dBm
Note 2
Tolerance at 5% to 95%
confidence interval of Prr:
Lacc_rssi Level accuracy when RXRSSI[7:0] = X, 50 < 2 dB
X < 175; burst mode, 1500
packets
Gradient of monotonous
. range for RXRSSI[7:0] = X, dB/LS
LrES_RsSI Level resolution 50 < X < 175: burst mode, 0.5 B
1500 packets
) fors = 2 MHz
ACP2m Adjacent channel power level -50 dBm
Note 4
fors 2 3 MHz
ACP3m Adjacent channel power level OFs -56 dBm
Note 4
RF_ATTR_REG[PA_POWE
Po_15 Output power level R_SETTING] = 15 4.5 dBm
RF_ATTR_REG[PA_POWE
Po_14 Output power level R_SETTING] = 14 35 dBm
RF_ATTR_REG[PA_POWE
Po_13 Output power level R_SETTING] = 13 3 dBm
RF_ATTR_REG[PA_POWE
Po_12 Output power level R_SETTING] = 12 25 dBm
RF_ATTR_REG[PA_POWE
Po_11 Output power level R_SETTING] = 11 2 dBm
RF_ATTR_REG[PA_POWE
Po_10 Output power level R_SETTING] = 10 1 dBm
RF_ATTR_REG[PA_POWE
Po_o9 Output power level R_SETTING] = 9 0 dBm
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Parameter | Description Conditions Min Typ Max Unit
RF_ATTR_REG[PA_POWE
Po_os Output power level R_SETTING] = 8 -1 dBm
RF_ATTR_REG[PA_POWE
Po_o7 Output power level R_SETTING] = 7 -2 dBm
RF_ATTR_REG[PA_POWE
Po_os Output power level R_SETTING] = 6 -3 dBm
RF_ATTR_REG[PA_POWE )
Po_os Output power level R_SETTING] = 5 4.5 dBm
RF_ATTR_REG[PA_POWE )
Po_oa Output power level R_SETTING] = 4 6.5 dBm
RF_ATTR_REG[PA_POWE i
Po_os Output power level R_SETTING] = 3 9 dBm
RF_ATTR_REG[PA_POWE i
Po_o2 Output power level R_SETTING] = 2 125 dBm
RF_ATTR_REG[PA_POWE i

Po_o1 Output power level R_SETTING] = 1 185 dBm

Po_o1a1 Output power level Power set to -22 dBm -22 dBm

Po_o1a2 Output power level Power set to -23 dBm -23 dBm

RF_ATTR_REG[PA_POWE )

Po_up Output power level R_SETTING] = 0 58 dBm
Note 1 Measured according to Bluetooth® Low Energy Test Specification RF-PHY.TS/4.0.1, section 6.4.1.
Note 2 Measured according to Bluetooth® Core Technical Specification document.

Note 3  Frequencies close to the ISM band can show slightly worse performance
Note 4 Measured according to Bluetooth® Low Energy Test Specification RF-PHY.TS/4.0.1, section 6.2.3.

Table 52: Radio BLE 1M HP - Recommended operating conditions

Parameter | Description Conditions Min Typ Max Unit
foPer Operating frequency 2400 2483.5| MHz
NcH Number of channels 40 1
fen Channel frequency K=0to 39 ng? MHz
Table 53: Radio BLE 1M HP - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
Radio receiver and
synthesizer active; ideal DC-
IBAT_RF_RX Battery supply current DC converter with Veatr = 3V 21 mA
and Vococ RF = 1.4 V; Ta=
25°C
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Parameter | Description Conditions Min Typ Max Unit

Radio transmitter and
synthesizer active; power
IBAT_RF_TX_+6 setting = 15; ideal DC-DC
dBm Battery supply current converter with Vear =3 V
and Vococ RF = 1.4 V; Ta=
25°C

6.2 mA

Radio transmitter and
synthesizer active; power
IBAT_RF_TX_0d setting = 8; ideal DC-DC
Bm Battery supply current converter with Vear =3V
and Vbococ rr = 1.4 V; Ta=
25°C

Radio transmitter and

synthesizer active; power
Battery supply current setting = 6; ideal DC-DC 2.5 mA
converter with Vear= 3 V and
Vococ Rr=1.4V; Ta=25°C

IBAT RF_TX_-
3dBm

Radio transmitter and

synthesizer active; power
Battery supply current setting = 4; ideal DC-DC 1.9 mA
converter with Vear= 3 V and
Vpcpec RF = 1.4V; Ta=25°C

IBAT RF_TX -
6dBm

Radio transmitter and
synthesizer active; power
IBAT RF TX - setting = 2; ideal DC-DC
12dBm Battery supply current converter with Vear =3 V
and Vococ RF = 1.4 V; Ta=
25°C

1.3 mA

Radio transmitter and
synthesizer active; power
IBAT RF_TX_- setting = 1, ideal DC-DC
18dBm Battery supply current converter with Veat =3V
and Vbococ rr = 1.4 V; Ta=
25°C

11 mA

Table 54: Radio BLE 1M HP - AC characteristics

Parameter | Description Conditions Min Typ Max Unit

Dirty Transmitter disabled,;
DC-DC converter disabled;

Psens_cLean | Sensitivity level PER = 30.8%; Vbcoc_rF = .97 dBm
14V

Note 1

Extended packet size (255

octets) -94.5 dBm

Psens epkT Sensitivity level

Normal Operating

. Conditions; DC-DC converter
Psens Sensitivity level disabled: PER = 30.8% -96 dBm

Note 1
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Parameter | Description Conditions Min Typ Max Unit
Worst-case interferer level @
f1, f2 with 2*f1 - f2 = fo, |f1 - f2|
P Intermodulation distortion =nMHzandn =3, 4, 5; 27 4Bm
INT_IMD interferer power level Pwantep = -64 dBm @ fo;
PER = 30.8%
Note 2
n = 0; interferer @ f1 = fo +
CIRo Carrier to interferer ratio n*1 MHz 6.5 dB
Note 2
n =-1; interferer @ f1 = fo +
CIRm1 Carrier to interferer ratio n*1 MHz -5 dB
Note 2
n = +1; interferer @ f1 = fo +
CIRp1 Carrier to interferer ratio n*1 MHz -3 dB
Note 2
n = +2; interferer @ f1 = fo +
CIRp2 Carrier to interferer ratio n*1 MHz -30 dB
Note 2
n = -2 (image frequency);
CIRm2 Carrier to interferer ratio interferer @ f1 = fo + n*1 MHz .38 dB
Note 2
n = +3; interferer @ f1 = fo +
CIRp3 Carrier to interferer ratio n*1 MHz -42 dB
Note 2
n = -3 (image frequency + 1
. ) . MHz); interferer @ f1 = fo +
CIRwm3 Carrier to interferer ratio n*1 MHz -48 dB
Note 2
n = +4; interferer @ f1 =fo +
CIRp4 Carrier to interferer ratio n*1 MHz -49 dB
Note 2
n = -4; interferer @ f1 = fo +
CIRm4 Carrier to interferer ratio n*1 MHz 51 dB
Note 2
|n] = 5 (any other BLE
. . . channel); interferer @ f1 = fo
CIRs Carrier to interferer ratio +n*1 MHz -53 dB
Note 2
30 MHz < fsL < 2000 MHz;
PaL_i Blocker power level Pwantep = -67 dBm 5 dBm
Note 2
Blocker power level 2003 MHz < fgL < 2399 MHz;
P&l P PwanTep = -67 dBm 0 dBm
N Note 3
Note 2
2484 MHz < fgL < 2997 MHz;
PeL_m Blocker power level PwanTeD = -67 dBmM 0 dBm
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Parameter | Description Conditions Min Typ Max Unit
Note 2
3000 MHz < fsL < 12.75 GHz;
PsL_v Blocker power level Pwantep = -67 dBm 5 dBm
Note 2
Tolerance at 5% to 95%
confidence interval of Prr:
Lacc_rssi Level accuracy when RXRSSI[7:0] = X, 50 < 2 dB
X < 175; burst mode, 1500
packets
Gradient of monotonous
. range for RXRSSI[7:0] = X, dB/LS
Lres_RssI Level resolution 50 < X < 175: burst mode, 0.5 B
1500 packets
fors = 2 MHz
ACP2m Adjacent channel power level oFs -49 dBm
Note 4
) fors 2 3 MHz
ACP3awm Adjacent channel power level -57 dBm
Note 4
RF_ATTR_REG[PA_POWE
Po_15 Output power level R_SETTING] = 15 6 dBm
RF_ATTR_REG[PA_POWE
Po_14 Output power level R_SETTING] = 14 5 dBm
RF_ATTR_REG[PA_POWE
Po_13 Output power level R_SETTING] = 13 4.5 dBm
RF_ATTR_REG[PA_POWE
Po_12 Output power level R_SETTING] = 12 3.5 dBm
RF_ATTR_REG[PA_POWE
Po_11 Output power level R_SETTING] = 11 2.5 dBm
RF_ATTR_REG[PA_POWE
Po_10 Output power level R_SETTING] = 10 2 dBm
RF_ATTR_REG[PA_POWE
Po_o9 Output power level R_SETTING] = 9 1 dBm
RF_ATTR_REG[PA_POWE
Po_os Output power level R_SETTING] = 8 0 dBm
RF_ATTR_REG[PA_POWE i
Po_o7 Output power level R SETTING] = 7 1 dBm
RF_ATTR_REG[PA_POWE )
Po_os Output power level R_SETTING] = 6 2.5 dBm
RF_ATTR_REG[PA_POWE i
Po_os Output power level R_SETTING] = 5 4 dBm
RF_ATTR_REG[PA_POWE i
Po_os Output power level R _SETTING] = 4 6 dBm
RF_ATTR_REG[PA_POWE )
Po_os Output power level R _SETTING] = 3 8.5 dBm
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Parameter | Description Conditions Min Typ Max Unit
RF_ATTR_REG[PA_POWE
Po_o2 Output power level R_SETTING] = 2 -12 dBm
RF_ATTR_REG[PA_POWE
Po_o1 Output power level R_SETTING] = 1 -18 dBm
Po_o1a1 Output power level Power set to -21 dBm -21 dBm
Po_o1a2 Output power level Power set to -22 dBm -22 dBm
RF_ATTR_REG[PA_POWE
Po_utp Output power level R_SETTING] = 0 -52 dBm

Note 1 Measured according to Bluetooth® Low Energy Test Specification RF-PHY.TS/4.0.1, section 6.4.1.

Note 2  Measured according to Bluetooth® Core Technical Specification document.
Note 3  Frequencies close to the ISM band can show slightly worse performance

Note 4 Measured according to Bluetooth® Low Energy Test Specification RF-PHY.TS/4.0.1, section 6.2.3.

Table 55: Radio BLE 2M LP - Recommended operating conditions

Parameter | Description Conditions Min Typ Max Unit
forer Operating frequency 2400 24835 MHz
NcH Number of channels 40 1
fen Channel frequency K=0to 39 Zf'g? MHz
Table 56: Radio BLE 2M LP - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
Radio receiver and
synthesizer active; ideal DC-
IBAT_RF_RX Battery supply current DC converter with Veat =3V 1.3 mA
and Vbococ rr=1.1V; Ta=
25°C
Radio transmitter and
synthesizer active; power
IBAT RF_TX_ 0d setting = 9; ideal DC-DC
o Battery supply current converter with Vear = 3 VV 2.3 mA
and Vococ rRr = 1.1V; Ta=
25°C
Radio transmitter and
synthesizer active; power
IBAT RF_TX_- setting = 6; ideal DC-DC
3dBm Battery supply current converter with Vear =3V L7 mA
and Vococ Rr = 1.1V; Ta=
25°C
IBAT RE TX - Radio transmitter and
s | Battery supply current synthesizer active; power 13 mA
setting = 4, ideal DC-DC
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Parameter | Description Conditions Min Typ Max Unit

converter with Vear =3 V
and Vpococ R = 1.1V; Ta=
25°C

Radio transmitter and
synthesizer active; power
IBAT RF TX - setting = 2; ideal DC-DC
12dBm Battery supply current converter with Veat =3V
and Vococ RF = 1.1V; Ta=
25°C

0.9 mA

Radio transmitter and
synthesizer active; power
IBAT RF TX - setting = 1; ideal DC-DC
18dBm Battery supply current converter with Veat =3 V
and Vpococ RF=1.1V; Ta=
25°C

0.7 mA

Table 57: Radio BLE 2M LP - AC characteristics

Parameter | Description Conditions Min Typ Max Unit

Dirty Transmitter disabled,;
DC-DC converter disabled;

Psens_cLean | Sensitivity level PER = 30.8%; Vbcoc rr = 1.1 93 dBm
\%

Note 1

Extended packet size (255

octets) -1 dBm

Psens epkT Sensitivity level

Normal Operating

e Conditions; DC-DC converter
Psens Sensitivity level disabled: PER = 30.8% -93 dBm

Note 1

Worst-case interferer level @
f1, f2 with 2*f1 - f2 = fo, |f1 - f2|

Intermodulation distortion =nx2MHzandn=3,4,5; 28 4B
interferer power level PwanTep = -64 dBm @ fo; - m
PER = 30.8%

Note 2

PinT_iMD

n = 0; interferer @ f1 = fo +
CIRo Carrier to interferer ratio n*2 MHz 7 dB
Note 2

n = +1, interferer @ f1 = fo +
CIRp1 Carrier to interferer ratio n*2 MHz -4 dB
Note 2

n =-1; interferer @ f1 =fo +
CIRm1 Carrier to interferer ratio n*2 MHz -4 dB
Note 2

n = +2; interferer @ f1 = fo +
CIRp2 Carrier to interferer ratio n*2 MHz -29 dB
Note 2
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Parameter | Description Conditions Min Typ Max Unit
n = -2 (image frequency);
CIRmz Carrier to interferer ratio interferer @ f1 = fo + n*2 MHz -36 dB
Note 2
n = +3; interferer @ f1 =fo +
CIRp3 Carrier to interferer ratio n*2 MHz -41 dB
Note 2
n = -3 (image frequency + 2
. . . MHz); interferer @ f1 = fo +
CIRwm3 Carrier to interferer ratio n*2 MHz -47 dB
Note 2
n = -4; interferer @ f1 = fo +
CIRm4 Carrier to interferer ratio n*2 MHz -46 dB
Note 2
n = +4; interferer @ f1 =fo +
CIRp4 Carrier to interferer ratio n*2 MHz -41 dB
Note 2
[n] 2 5 (any other BLE
. . . channel); interferer @ f1 = fo
CIRs Carrier to interferer ratio +N*2 MHz -52 dB
Note 2
30 MHz < fgL = 2000 MHz;
PsL | Blocker power level PwanTep = -67 dBm 5 dBm
Note 2
Blocker power level 2003 MHz < fgL < 2399 MHz;
PsL 1 P PwanTtep = -67 dBm 0 dBm
Note 3 Note 2
2484 MHz < fgL < 2997 MHz;
PaL_n Blocker power level Pwantep = -67 dBm 0 dBm
Note 2
3000 MHz < fgL £ 12.75 GHz;
PsL v Blocker power level PwanTep = -67 dBm 5 dBm
Note 2
Tolerance at 5% to 95%
confidence interval of Prr:
Lacc_rssi Level accuracy when RXRSSI[7:0] = X, 50 < 2 dB
X < 175; burst mode, 1500
packets
Gradient of monotonous
. range for RXRSSI[7:0] = X, dB/LS
Lres_RrssI Level resolution 50 < X < 175: burst mode, 0.5 B
1500 packets
fors = 4 MHz
ACPam Adjacent channel power level oFs -54 dBm
Note 4
. fors =5 MHz
ACPsm Adjacent channel power level -60 dBm
Note 4
Datasheet Revision 3.0 Dec 28, 2023
CFR0011-120-00 69 of 498 © 2023 Renesas Electronics




LENESAS

DA14592

Multi-Core BLE 5.2 SoC with Embedded Flash Final

Parameter | Description Conditions Min Typ Max Unit
fors 26 MH

ACPem Adjacent channel power level ors z -58 dBm
Note 4

Note 1 Measured according to Bluetooth® Low Energy Test Specification RF-PHY.TS/4.0.1, section 6.4.1.
Note 2 Measured according to Bluetooth® Core Technical Specification document.

Note 3  Frequencies close to the ISM band can show slightly worse performance.

Note 4 Measured according to Bluetooth® Low Energy Test Specification RF-PHY.TS/4.0.1, section 6.2.3.

Table 58: Radio BLE 2M HP - Recommended operating conditions

Parameter | Description Conditions Min Typ Max Unit
foper Operating frequency 2400 2483.5| MHz
NcH Number of channels 40 1

fen Channel frequency K=0to 39 ng? MHz

Table 59: Radio BLE 2M HP - DC characteristics

Parameter | Description Conditions Min Typ Max Unit

Radio receiver and
synthesizer active; ideal DC-

IBAT_RF_RX Battery supply current DC converter with Veat =3V 2.2 mA
and Vococ rRr = 1.4 V; Ta=
25°C

Radio transmitter and
synthesizer active; power
IBAT_RF_TX_+6 setting = 15; ideal DC-DC
dBm Battery supply current converter with Veat =3V
and Vbococ rr = 1.4 V; Ta=
25°C

6.2 mA

Radio transmitter and
synthesizer active; power
IBAT RF_TX_ 0d setting = 8; ideal DC-DC
Bm Battery supply current converter with Veat =3V
and Vococ rRr = 1.4 V; Ta=
25°C

Radio transmitter and
synthesizer active; power

lsaT RETX | Battery supply current setting = 6; ideal DC-DC 2.5 mA
3dBm converter with Vear= 3 V and
Vococ rRF=1.4V; Ta=25°C
Radio transmitter and
synthesizer active; power
IBAT RF_TX - setting = 4, ideal DC-DC
6dBm Battery supply current converter with Vear =3 V 1.9 mA
and Vpcpoc RF = 1.4 V; Ta=
25°C
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Parameter

Description

Conditions

Min

Typ

Unit

IBAT RF_TX -
12dBm

Battery supply current

Radio transmitter and
synthesizer active; power
setting = 2; ideal DC-DC
converter with Vear =3 V
and Vococ rRr = 1.4 V; Ta=
25°C

1.3

mA

IBAT RF_TX_-
18dBm

Battery supply current

Radio transmitter and
synthesizer active; power
setting = 1; ideal DC-DC
converter with Vear =3V
and Vococ_rr = 1.4 V; Ta=
25°C

11

mA

Table 60: Radio BLE 2M HP - AC characteristics

Parameter

Description

Conditions

Min

Typ

Max

Unit

Psens_cLEAN

Sensitivity level

Dirty Transmitter disabled,;
DC-DC converter disabled;
PER = 30.8%; Vbcbc_RF =
14V

Note 1

dBm

Psens epkT

Sensitivity level

Extended packet size (255
octets)

-91.5

dBm

Psens

Sensitivity level

Normal Operating
Conditions; DC-DC converter
disabled; PER = 30.8%

Note 1

-93.5

dBm

PinT_MD

Intermodulation distortion
interferer power level

Worst-case interferer level @
f1, f2 with 2*f1 - f2 = fo, |f1 - f2|
=nx2MHzandn=3,4,5;
PwanTtep = -64 dBm @ fo;
PER = 30.8%

Note 2

dBm

CIRo

Carrier to interferer ratio

n = 0; interferer @ f1 = fo +
n*2 MHz

Note 2

6.5

daB

CIRp1

Carrier to interferer ratio

n = +1; interferer @ f1 = fo +
n*2 MHz

Note 2

daB

CIRm1

Carrier to interferer ratio

n =-1; interferer @ f1 =fo +
n*2 MHz

Note 2

dB

CIRp2

Carrier to interferer ratio

n =+2; interferer @ f1 = fo +
n*2 MHz

Note 2

dB

CIRm2

Carrier to interferer ratio

n = -2 (image frequency);
interferer @ f1 = fo + n*2 MHz
Note 2

daB
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Parameter | Description Conditions Min Typ Max Unit
n = +3; interferer @ f1 = fo +
CIRp3 Carrier to interferer ratio n*2 MHz -42 dB
Note 2
n = -3 (image frequency + 2
. . . MHz); interferer @ f1 = fo +
CIRwm3 Carrier to interferer ratio n*2 MHz -49 dB
Note 2
n = -4; interferer @ f1 = fo +
CIRwma4 Carrier to interferer ratio n*2 MHz -48 dB
Note 2
n = +4; interferer @ f1 = fo +
CIRp4 Carrier to interferer ratio n*2 MHz -42 dB
Note 2
In] =2 5 (any other BLE
. . ) channel); interferer @ f1 = fo
CIRs Carrier to interferer ratio + n*2 MHz -54 dB
Note 2
30 MHz < fzL < 2000 MHz;
PeL_i Blocker power level Pwantep = -67 dBm 5 dBm
Note 2
Blocker power level 2003 MHz < fgL < 2399 MHz;
PeL_1i P Pwantep = -67 dBm 0 dBm
Note 3 Note 2
2484 MHz < fgL < 2997 MHz;
PsL_m Blocker power level PwanTep = -67 dBm 0 dBm
Note 2
3000 MHz < faL < 12.75 GHz;
PeL_iv Blocker power level Pwantep = -67 dBm 5 dBm
Note 2
Tolerance at 5% to 95%
confidence interval of Prr:
Lacc_rssi Level accuracy when RXRSSI[7:0] = X, 50 < 2 dB
X < 175; burst mode, 1500
packets
Gradient of monotonous
. range for RXRSSI[7:0] = X, dB/LS
Lres_RssI Level resolution 50 < X < 175: burst mode, 0.5 B
1500 packets
fors = 4 MHz
ACPam Adjacent channel power level ors -53 dBm
Note 4
fors =5 MHz
ACPswm Adjacent channel power level oFs -59 dBm
Note 4
. fors =2 6 MHz
ACPem Adjacent channel power level -59 dBm
Note 4
Note 1 Measured according to Bluetooth® Low Energy Test Specification RF-PHY.TS/4.0.1, section 6.4.1.
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Note 2 Measured according to Bluetooth® Core Technical Specification document.
Note 3  Frequencies close to the ISM band can show slightly worse performance.
Note 4 Measured according to Bluetooth® Low Energy Test Specification RF-PHY.TS/4.0.1, section 6.2.3.
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4  System Overview

4.1 Internal blocks
The DA14592 contains the following blocks:

Arm Cortex™ M33 CPU. This processor provides 1.5 dMIPS/MHz (96 dMIPS when operating at a
maximum clock speed of 64 MHz) and is used for the application but also for implementing the upper
layers of the Bluetooth® Low Energy protocol (Host). This CPU has a powerful cache controller with
four-way associativity, 8 bytes cache line size, and 8 kB of RAM. The CPU executes code from
embedded Flash through the cache controller, but it can also bypass it and execute code from
embedded Flash directly or RAM.

Configurable MAC (CMAC). This is based on the Arm Cortex MO+ CPU and hardware accelerators
implementing all timing critical tasks of the Bluetooth® Low Energy Controller. Moreover, it is capable
of supporting proprietary, ISM band protocols (for example, ANT+).

ROM. This is a 288 kB ROM containing the booter code, the Bluetooth® Low Energy stack code, and
various routines for implementing authentication of the eFlash image (using Elliptic Curves).

Data RAM. 96 kB Data RAM (DataRAM) which is shared among all masters of the system. It is used
for storing code and data of CMAC and application data (Cortex M33). It comprises three RAM cells
of 32 kB each, all with content retaining as well as complete power switch-off capability.

Embedded Flash Controller. This controller implements the interface to the 256-kB embedded
Flash (eFlash) cell which contains the application image. It serves both Cortex CPUs for code
execution as well as data. It implements all timing related tasks and
read/write/erase/suspend/resume commands towards the eFlash cell.

QSPI Controller. A Quad SPI controller interfacing to external PSRAM/Flash devices used to extend
the embedded RAM or to store data in non-volatile while executing code.

Cryptography Controller. It consists of an AES 256-bit block and a HASH controller implementing
SHA-2. These hardware accelerators can be used by the Cortex M33 serving any application
security requirements.

UART, UART2. Asynchronous serial interfaces. UART2 implements hardware flow control and is
amended with ISO7816 functionality for connecting to a secure element while UART has no flow
control. Both UARTS are equipped with a FIFO of 16 bytes depth and are supported by the general-
purpose DMA engine. Both UART and UART?2 can reach up to 3 Mbps.

SPI. This is the serial peripheral interface (SPI) with master/slave capability, and it has separate
FIFOs for RX and TX of two 16-bit words each.

I12C. These are Master/Slave 12C interfaces used for sensors and/or host MCU communication. Each
controller includes 32 locations deep FIFO (8-bits RX, 10-bits TX). They can both achieve up to
2.9 Mbps with a 32 MHz system clock.

Audio Controller. This block enables audio streaming by means of a Pulse Density Modulation
(PDM), two Sample Rate Converters (SRC) that enable simultaneous inbound and outbound streams
and a Pulse Code Modulation (PCM) interface. It can support up to two digital microphones or two
digital loudspeakers using the PDM interface or connect an external CODEC at the PCM/I2S
interface.

General Purpose (GP) ADC. This is a 10-bit analog to digital converter with eight external input
channels and oversampling capability which increases the effective number of bits (ENOB) to 11.

Application (SD) ADC. This is a 15-bit analog to digital converter with eight external input channels
and a sampling rate of 1 Ksps up to 2 Msps. It comes with a programmable gain amplifier and
supports two modes of operation, namely, the audio mode and the sensor mode.

Radio Transceiver. This block implements the digital and analog PHY of the Bluetooth® Low Energy
protocol at 2.4 GHz.

General Purpose Timers. Four general purpose timers of 24-bit width each are available for the
user. They provide a number of features like PWM generation, two capture channels that save a
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snapshot of the timer, up/down counting with free-running mode, selectable clock source, and one-
shot pulse generation with configurable width.

Real Time Clock. This is a hardware controller that supports the complete time of day clock:
12/24 hours, minutes, seconds, milliseconds, and hundredths of milliseconds. It comprises a
configurable alarm function and can be programmed to generate an interrupt on any event like a
rollover of month, day, hour, minute, second, or hundredths of milliseconds.

Watchdog Timers. The system comprises two watchdog timers, 13-bit wide each. One for CMAC
software monitoring (CMAC Wdog) and another for the System CPU (System Wdog). The System
watchdog is constantly counting down and automatically starts right after POWERUP, it is powered
by the always-on domain and generates an NMI and a hardware reset when 0 and -16 are reached
respectively. Its maximum counting time is 84 seconds or 3 minutes depending on the clock used
(RC32K or RCX). The CMAC Watchdog resides in the Radio power domain and generates an
interrupt to the CMAC CPU when 0 is reached. It also generates a hardware reset if -16 is reached.
Both watchdogs are automatically frozen when either of the two CPUs is in debug mode.

Wake-up Controllers. There are two different wake-up controllers: one for capturing external events
that can be used as a wake-up trigger from extended sleep modes at any GPIO and another one that
can capture events on two specific GPIOs only to wake up from Hibernation. While both support
programmable polarity, only the first one comprises a single debouncing structure for generating a
wake-up interrupt upon a button press while the latter guarantees minimum power consumption.

DMA Engine. This is a general-purpose DMA engine with six channels that can be multiplexed to
support data transfers between memory resources but also between memory and peripherals in
single or burst modes (where applicable). It is also used when secure features are enabled to
perform key transfers from protected eFlash memory spaces to registers without the CPU having
access.

Quadrature Decoder. This block decodes the pulse trains from a rotary encoder to provide the step
and the direction of the movement of an external device. Three axes (X, Y, Z) are supported.

4.2 Digital power domains

The DA14592 supports a number of digital power domains that can be turned ON and OFF
independently from one another.
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Figure 4. Digital power domains and blocks mapping
Table 61 shows the description and domain names used throughout this document.

Table 61: Power Domains Description

Domain Name | Description

PD_SYS System Power Domain. It comprises the Arm M33 CPU, the QSPI controller, and the
Crypto block.

PD_MEM Memory Power Domain. It comprises the RAM, ROM, and eFlash controllers, the DCDC
digital FSM, and the DMA engine. It also contains the complete bus fabric.

PD_RAD Radio Power Domain. It comprises the CMAC and the digital PHY of the Radio.

PD_COM Communications Power Domain. It comprises all serial interfaces, SD ADC, and one of the
Timers. It also contains the GPIO multiplexing.

PD_PER Peripherals Power Domain. It comprises the Temperature Sensor and the GP ADC.

PD_SLP Sleep Power Domain. It comprises the RTC, the Watchdog, and the respective Wake-up
controller.

PD_AON Always-On Power Domain. It comprises the wake-up from the hibernation controller.

PD_TIM Timer Power Domain. It comprises the MAC timer, three general-purpose Timers, and the
XTAL32M digital state machine.

PD_AUD Audio power domain. It comprises the PCM, PDM, and SCRs blocks.
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4.3

43.1 Hardware FSM

Final

Hardware FSM (POWERUP, WAKEUP, GOTO SLEEP)

Figure 5 shows the hardware FSM responsible for the POWERUP, WAKEUP, and GOTO SLEEP

processes of the system.

WAKEUP = 1
FAST_WAKEUP = 0

POR_Vbat_N
(Reset)

POR released

BG_BOD_
REFRESH
DCDC_
REFRESH

Yes
DCDC_Refresh

DCDC & Bandgap & BOD Refresh

BG_BOD_
REFRESH

SLEEP
LDO_RET
LDO_IO_Ret
LDO_CORE_Re

DCDC_SLEEP_Mode

Sleep

WAKEUP = 0
DCDC_SLEEP_Mode

WAKEUP = 1
FAST_WAKEUP = 1
—>

WOKENUP

SW Running:
Booter or
Application SW)

Initialization:
PD_MEM &
Flash

Figure 5. POWERUP, WAKEUP, GOTO SLEEP hardware FSM

The WAKEUP signal indicates that the hardware FSM has finished, and the digital power domains

are initialized.

4.3.2 Power-up

After POR_Vbat is released, the FSM enters the state BG where the following actions are taken:
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e The COLD_BOOT bit is asserted indicating that the system recovers from a POR (previous state
has to be POR_Vbat NOK).

e Bandgap is enabled.

This state does not exceed 10 ys. When the BG reference voltage is settled to 0.75 V, the BG OK
signal is generated, and the FSM continues with the next state LDO_LOW LDO_IO:

e LDO_IOis enabled depending on the programmed register bit in POWER_CTRL_REG.

e LDO_LOW is enabled depending on the programmed register bit in the POWER_CTRL_REG
register.

Those LDOs are enabled one after the other. The LDO_LOW is only enabled when the VDDIO is
settled and generates an LDO_OK signal.

e The LDO_CORE is enabled after the aforementioned LDOs are settled and their outputs are
stable. The LDO_CORE sets VDD to 0.9 V.

The RCLP clock then switches to 512 kHz and the RC32M and BOD comparators are enabled.
When the BOD comparator levels are OK, the WOKENUP signal is asserted (which can be mapped
on a GPIO or monitored at a register bit). This is the time when the FSM has reached the end.

The WOKENUP signal triggers the digital FSM by starting the Digital Power Control. First, there is a
timeout counter to be able to configure the test mode. Next, the required power domains are
powered up. After this, the software starts running.

The timing diagram in Figure 6 summarizes the aforementioned description.

—  »i¢—— RC512kHz
RCLP 3x 3x 3x

32/512 kHz Clock

SYS CLK

POR_Vbat_N

|
7
POR_Vbat_N_SYNC_1 [

POR_Vbat_N_SYNC_2

State POR_Vbat_NOK 8G LDO_IG LDo_Low LDO_CaRE RESEM Test Timeout Dicgo:f:';fr X SW RUNNING
< P I »ig »i¢ >ig < < :
<60 s 32 us 100 ps 100 ps 100 ys <20 ps 85 us dps i
BG OK LDO_IO GK LDO_low dK i LDO_corg OK Wokenu
(Typ) (Typ) (Typ) (Typ P
0.75V
BG Ref ov /
1.8V
vdd_Io ov
1.1V
Vdcdc ov
0.9V
vdd oV

Figure 6. POWERUP timing diagram

The total time required for the cold boot powerup is about 0.5 ms. This is a typical number and
depends largely on the capacitor values at the supply rails on the PCB.

4.3.3 Wake-up options

The system supports two different wake-up modes. You can configure which one to select depending
on the application requirements and constraints. Table 62 summarizes the wake-up mode
characteristics.
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Table 62: Wake-Up Modes Overview

Final

Mode Latency | Description Constraints
Normal wake-up | ~200 pys | All LDOs of the Power Management are powered None

sequentially.

Software starts running after all LDO OK signals are

evaluated by the hardware FSM
Fast wake-up 10 us DCDC is ON. Wake-up detection is performed using Low load (< 0.5 mA)

the RC512kHz clock and FSM is running with the
RC32MHz clock. Software starts running within 10 s
from the wake-up trigger assuming all voltage outputs
are stable.

should be applied for
the first 100 ps.

Sleep core voltage
(VDD) must be 0.9 V.

4331

Normal wake-up

The slow WAKEUP is following the states of the cold boot. It, however, deasserts the COLD_BOOT
flag. Figure 7 shows the timing diagram of the slow WAKEUP.

RCLP 32/512 kHz Clock

SYS CLK

WAKEUP

WAKEUP_SYNC_1

WAKEUP_SYNC_2

WOKENUP

State

BG Ref

Vdcdc

vdd

Figure 7. Normal wake-up timing

The maximum latency of the normal wake-up is in the range of 200 us.

4.3.3.2

Fast wake-up

RC32 kHz > < RC 512 kHz
RC512 kHz ——p} «—RC32 MHz
SLEEP WAKEUP/ BG LDO_LOW, 10, CORE, RC32M BOD Dg:;’:;‘er k swRrUNNING
<60 us 32 s 32 us 8 us 4us
(BG_OK) (LDO_OK) (BOD_OK)
0.75V
1.1V
oYV ——
0.75V /

Enabling fast wake-up mode reduces the wake-up time. In this mode, the DCDC is running during
sleep and the VDD is set at 0.9 V. The RC32/512k clock is active running at 512 kHz and clocking
the wake-up logic. The major difference on the latency is achieved if the Bandgap is kept activated
during sleep, thus it requires no settling time when waking up. If this is the case, the Analog FSM
state WAKEUP_FAST only takes 2 s, else 12 ys, until the Bandgap is settled and ready.
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Figure 8 shows the timing diagram.

RC512 kHz —» <«— RC32MHz

L L

WAKEUP

State: Analog FSM SEEEP X WAKEUP_FAST
<5 2 usor
SJus Software starts executing here!
12 ps ey
State: Digital FSM SLEEP X WAKEUP Dicg Power g\ RUNNING
ontrol
P
4 us
BG Ref 0.75V
Vdcdc 1.1V
vdd 0.9V

Figure 8. Fast wake-up timing

Latency of this mode does not exceed 10 ps considering Bandgap is enabled during sleep.

To enable the Fast Wake-up mode, the PMU_SLEEP_REG[FAST_WAKEUP] bit should be set
followed by a PDC entry with the peripheral trigger ID set to Fast Wakeup (PID = 13).

Note

When fast wake-up is required, VDD should be setto 1.2 V (in active mode) before entering sleep mode. As
soon as the device wakes up, VDD can be switched back to 0.9 V.

4.3.4 Go-to-sleep

While sleeping, the VDCDC rail can be supplied either by the DCDC or by the LDO_LOW_RET. You
can select between two go-to-sleep sequences:

e DCDC Go-To-Sleep where VDCDC is supplied by the DCDC during sleep.
® BG Go-To-Sleep where VDCDC is supplied by the LDO_LOW_RET during sleep.

Figure 9 shows the timing sequence of BG Go-To-Sleep. When the system enters this sleep state
two operations should be configured by software to happen periodically:

e Refresh the reference of the LDO_CORE_RET which provides the sleep voltage by refreshing
the bandgap in a programmable interval between 2 ms and 8 s. The refresh interval can be set
by PMU_SLEEP_REG[BG_REFRESH_INTERVAL] bit field (1 LSB = 64 x 32 kHz clock cycles).

e Check on the voltage levels by allowing the BOD to sense each voltage rail while the bandgap is
enabled.
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Figure 9. BG Go-To-Sleep

Figure 8 shows the timing sequence of DCDC Go-To-Sleep.
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Figure 10. DCDC Go-to-Sleep

DCDC is running during sleep as well. A voltage comparator is used to activate the DCDC for a
refresh when the voltage at the VDCDC rail drops below a threshold. During the DCDC refresh, the
Bandgap is refreshed, and the BOD is activated to sense the voltage rails.
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4.4 Power modes and rails

There are four main power modes in the device. These modes are not hardwired into any state
machine, they are there to ease the SDK development in the sense of the offered capabilities for
customers.

e Hibernation mode. This is supposed to be the "shipping mode". No RAM is retained, no clocks
are running (so no RTC), all domains are off, except for PD_AON, and the system can only be
woken up by POR or a hibernation wake-up trigger that can only happen on dedicated GPIOs.

o Deep Sleep mode. This is supposed to be the "shipping mode + RTC". No RAM is retained,
RCX is running (so RTC is on), all domains, except for PD_AON and PD_SLP, are off, and the
system can only be woken up by POR, RTC alarm, watchdog reset, or a GPIO trigger (reset on
wake-up).

e Extended Sleep mode. This is supposed to be the "Bluetooth connection sleep mode". There
can be programmable RAM retained, RCX is running (so RTC can be on), all domains are off,
except for PD_AON PD_SLP and PD_TIM, the system can only be woken up by POR, RTC
alarm (if RCX is used), MAC timer, other Timer, or a GPIO trigger. There is a sleep variance
based on the VDD voltage level while sleeping as shown in Table 63.

e Active. The system is up and running with a number of power domains enabled depending on
the use case requirements. There are two variances in this mode: the Low-Power (LP) and the
High-Performance (HP) mainly related to the Radio TX output performance as shown in Table
63.

Table 63: Power Modes, Rails Voltage Levels

Power VDCDC VDD System eFlash Mode Radio Comment
Mode Clock Mode
Frequency
Active 1.1 o9V 32 MHz Read OFF Default startup/Low
LP Power mode.
1.4V 09V 32 MHz Read/Program/ OFF High-Performance
1.2V 64 MHz Erase HP mode
Ext. Sleep 11V 0.75V RCX OFF OFF Normal Wake-up
09V Fast Wake-up
Deep 1.1V 0.75V RCX OFF OFF Wake-up in the reset
Sleep state
Hibernation OFF OFF None OFF OFF Wake-up in the reset
state only from
designated 10s

For a better understanding of the Vop and Vococ rails, see the Power section.

45 Embedded flash layout

The embedded Flash (eFlash) is used for executing code through the cache controllers of the Cortex
M33 or the Cortex MO+ but also without them. Moreover, it is also used for storing chip-related
trimming values security keys, and product headers (primary and backup).

Table 64 shows the eFlash that consists of several different sectors.
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Table 64: Embedded Flash Layout
Sector | Description Address Remark
Range

IP Manufacturing trim 0x00040000- | This is a separate sector, called "Information Page" which
values 0x000407FF | holds the chip’s trim values. This sector is write- and erase-

protected.

1 User Configuration 0x00000000- | This sector contains the customer’s configuration and the
Script and security 0x000007FF | pointers to keys for application cryptography or secure
key pointers boot.

2 User Application 0x00000800- | This sector contains the actual security keys.

Expanded Encryption | 0xO0000BFF

Keys

Signature Keys 0x00000C00-
0x00000FFF

3 Product Header 0x00001000- | This sector contains the product header.

0x00001800

4 Product Header 0x00001800- | This sector contains the product header backup used in
Backup copy 0x00002000 | case of OTA failing.

5-12 Customer Application | 0x00002000- | These eight sectors can be used for various software
Area 0x00006000 modules such as a secondary bootloader, various binary

libraries, and so on. It can be observed as the start of the
firmware image.

Var. Firmware Image X 0x00006000- | The actual application firmware image with variable length,

always with a start address sector aligned.
Note 1  Every sector is 2 kB long.
4.6 Configuration script

The Configuration Script (CS) is used for programming registers with values that are defined during
production testing, storing a trim value for the application software, or configuring a particular system
feature during boot time. It comprises ten commands. The CS begins with the Start of CS command
followed by a set of commands that refer to certain things like register configurations, trim values,
and so on. The CS is ended with the Stop of CS command. Empty entries between commands are
not allowed. If an empty entry is found, then all the following commands are discarded.

The booter executes the script to prepare and initialize the system before the CPU starts running

application code from eFlash.

Table 65 explains the format of the commands in the script.

Table 65: Configuration Script Commands

# Command Type Description
1 Start Command One 32-bit word containing 0XA5A5A5A5 to signal a valid CS is in place.
2 Register Configuration e One 32-bit word containing an address of an existing register.
e One 32-bit word containing the data value of the register.
These are always in pairs with the address sitting in even memory
addresses.
3 Trim Value e One 32-bit word which is equal to 0x9000Y'Y XX indicates that the next
word is a value stored during production testing. More specifically:
o 9:indicates that the following word(s) are not to be stored in
registers but are used by the SDK software.
o YY:indicates that YY amount of words follow.
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# Command Type

Description

o XX:is an increasing value and can be used for indexing by the
software application. If YY > 1 then this number is not increased
for the words that belong to the same value.

® One or more 32-bit words which represent the value.

4 Booter Value

One 32-bit word which is equal to OX6XXXXXXX indicating this is a value
pointing to the Flash product header in flash at address OxXXXXXXXX

5 Development Mode Disable

One 32-bit word which is equal to 0x70000000, disabling the
development mode. Development Mode is enabled by default at the
initialization phase of the booter.

6 UART STX Timeout

One 32-bit word which is equal to Ox8Y XXXXXX.

® The XXXXXX is used to program the selected STX timeout in
multiples of 100 ps. So, 0x80000028 is 40x100 ys = 4 ms.

e The Y is used to select a baud rate setting other than the default
(115K2)

o 0x1:4K8
0x2: 9K6
0x3: 14K4
0x4: 19K2
0x5: 28K8
0x6: 38K4
0x7: 57K6
0x8: 115K2
0x9: 230K4
O0xA: 500K
0xB: 1M
0xC- OxF: reserved (defaults to 115K2).

O 0O 0O 0O O 0 o0 O O O

o

7 XTAL32M Settling Value

® One 32-bit word which is equal to OXAYXXXXXX.
The XXXXXX is used to program the selected XTAL32M settling time
in multiples of 100 ys. So, 0xA0000028 is 40x100 ps = 4 ms.
The Y is used to instruct the booter to overrule the XTAL32M settling
and:

o Y =1:Ignore XTAL32M settling time and continue.

o Y = 2:Ignore XTAL32M settling time and continue booting using
RC32M.

8 Stop Command

One 32-bit word containing 0x00000000 designating that execution
should be terminated since the configuration script has reached the end
and is locked for further entries with one exception, being the minimum
version keyword for the rollback prevention feature.

9 Minimum Firmware Version

One 32-bit word containing the 0xBXXXXXXX, where XXXXXXX is used
to store the minimum firmware version that the booter should accept.

10 | Set-Once Bits Configuration

One 32-bit word containing the 0xCO00XXXX where the XXXX is used to
program the set-once (sticky) bits for hardware configuration and security
features.

e (0: PROT_CONFIG_SCRIPT

: PROT_APP_KEY

: PROT_VALID_KEY

: PROT_USER_APP_CODE

: Enable DCDC at boot

: FORCE_M33_DEBUGGER_OFF

: FORCE_CMAC_DEBUGGER_OFF
: SECURE_BOOT

Rest: Reserved.

e 6 6 o o o o o
~N o g b~ WN P

Datasheet

Revision 3.0 Dec 28, 2023

CFR0011-120-00

84 of 498 © 2023 Renesas Electronics




DA14592 RENESAS

Multi-Core BLE 5.2 SoC with Embedded Flash Final

4.7 Product header layout

The DA14592 is capable of booting firmware images either from eFlash or external QSPI Flash
devices. Depending on the user’s preference, the Product Header should be placed accordingly.

4.7.1 eFlash product header layout

The eFlash product header layout is presented in Figure 11. The optional fields are marked with
orange color while mandatory fields are marked with blue color.

The user needs to make sure that:

e A firmware image size must not exceed the selected
CACHE_EFLASH_REG[EFLASH_REGION_SIZE]. The default value is set to 128 kB but it can
be overruled using the Configuration Script.

e All firmware images must start at a CACHE_EFLASH_REG[EFLASH_REGION_SIZE] aligned
address.

e A padding of OxFF is used between the end of the Image header and the start of the Image itself.
The image is always 1 kB aligned.

In case the image header contains a Device Administration section, the signature will be calculated
over the Signed firmware version field, the Device Administration section, the padding, and the
image. If the Device Administration section is not included, the signature will be calculated over the
Signed firmware version field, the padding, and image.
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Configuration Script

See CS section in Booter spec for layout
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Figure 11. eFlash product header layout

4.7.2 QSPI Flash product header layout

Figure 12 shows the QSPI Flash product header layout. The optional fields are marked with orange
color while mandatory fields are marked with blue color.

The user needs to make sure that:
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e A firmware image size must not exceed the selected
CACHE_FLASH_REG[FLASH_REGION_SIZE]. The default value is set to 0.5 MB but can be
overruled using the Configuration Script.

e All firmware images must start at a CACHE_FLASH_REG[FLASH_REGION_SIZE] aligned
address.
e The QSPI Flash size used must be at least 0.5 MB (4 Mbit). The minimum

FLASH_REGION_SIZE allowed is 0.25 MB and at least two regions are needed (product header
and one firmware image).

e A padding of OxFF is used between the end of the Image header and the start of the Image itself.
The image is always 1 kB aligned.

In case the image header contains a Device Administration section, the signature will be calculated
over the Signed firmware version field, the Device Administration section, the padding, and the
image. If the Device Administration section is not included, the signature will be calculated over the
Signed firmware version field, the padding, and the image.
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Configuration Script See CS section in Booter spec for layout
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Figure 12. QSPI Flash product header layout

4.8 Booting

The booter is always executed when a POR, a Hardware Reset, or the RESET_ON_WAKEUP
feature is configured. Different booting flavors are supported:

e Boot from eFlash cached (secure/non-secure), Configuration Script in eFlash
e Boot from QSPI cached (non-secure), Configuration Script in QSPI
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e Boot from QSPI cached (secure), Configuration Script in eFlash
e Boot from UART (non-secure), no eFlash/QSPI Flash image available.

The booter also detects available software updates and applies them according to the eFlash/QSPI
header.

The Boot flow is divided into five separate phases:

1. Initialization.

2. Run configuration script.

3. Retrieve the application code.

4. Device administration.

5. Load image.
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Figure 13. BootROM flowchart

48.1 Initialization phase

The initialization phase takes care of enabling the Power domains. Then it initializes the QSPI
interface and Clocks. Following this, it enables Development mode. This is done so that it can be
disabled by the CS in the next phase if desired. Development mode can be used for having the
debugger on and updating the device firmware using UART.
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Next, it sets all XTAL-related flags to "False" and finally, it initializes the UART (but not enables it yet)
with the default settings, which can still be overwritten by the configuration script.

4.8.2 Configuration script phase

This phase tries to locate and execute the Configuration Script (CS) from eFlash or QSPI Flash. The
booter tries to locate the CS in the eFlash customer area at address 0. If no CS is found, it looks at
the start of QSPI Flash after performing the generic reset QSPI function. This function performs a
generic wake-up and reset that should be able to reset and wake up the majority of QSPI Flash
devices.

After the CS is processed, the "XTAL Ignore" flag is checked. If it is not set, the XTAL32M is enabled
and the booter checks if the settle and trim-ready bits are set within 10 ms. If not, the XTAL_ok Flag
is kept at False, if it is settled correctly it is set to True. This flag later is used to detect if it is safe to
switch to XTAL32M, or to continue using the default sys clock (RC32M).

The Booter uses a default 10 ms timeout between enabling the XTAL32M and checking the settling
bits. This time can be overruled by the CS. Also, checking the settle bits can be overruled completely
by the same keyword in the CS and the booter just assumes the XTAL is OK and settled.

4.8.3 Retrieve application code phase

During this phase, the booter scans to check if the development mode flag is disabled or not. If it is
still in development mode, then it enables the Debug interface and tries to boot from UART. If booting
from UART is successful, then it issues a software reset after having remapped address zero to
RAM. If not, then it tries to locate a valid Flash header (first in eFlash then in QSPI Flash), trying to
boot from Flash. If not in development mode, the booter continues to the next phase after having
identified a valid product header in any of the embedded or QSPI Flashes.

4.8.4 Device administration phase

The device administration phase is used to check for pending updates and validate the Flash
images. It also processes corresponding image headers and revoke keys, if needed. The booter
checks if the "Active FW Image address" and the "Upgrade Image address" fields of the Flash
product header are the same. If not, an upgrade image is available. The firmware validation is
executed if the secure boot bit has already been set by the Configuration Script (CS).

Validation is done by identifying the public key, checking if the key is already revoked, and if not,
proceeding with invoking the Ed25519 verification algorithm. This happens with the doubler being
enabled and the system CPU running at 64 MHz.

NOTE

The booter does not manipulate the product headers in case of a firmware update. This should be taken care
of by the application level which is also responsible for updating both product headers (primary and backup).

4.8.5 Load image phase

In this final phase, the actual firmware image is loaded. This is done by setting up the eFlash/QSPI
and cache controllers and executing the QSPI Loader if the application is running from QSPI, which
is located in the Product header of Flash. The cache controller is then configured to point to the
interrupt vector table (copied in RAM) and address zero is remapped to eFlash/QSPI Flash. Any
error condition during this or previous phases results in a hardware reset.

4.9 Memory map

Table 66 shows the mapping of the system’s internal resources. Note that * C defines a Controller
(registers) while * M defines Memory (RAM) space. All resources are 32-bit aligned.
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Start End Size PD AMBA | Comments
Address Address (kB)

Remapped 0 800000 8192 PD_SYS | AHB Remap IVT into SYSRAM

Devices

SYSRAM 800000 818000 96 PD_MEM | AHB Remapped from 0x20000000

(code)

CACHE_SYS_ | 818000 81A000 8 PD_SYS | AHB Cortex-M33 C-Bus access

RAM

Reserved 81A000 900000 920

ROM 900000 948000 288 PD_MEM | AHB Physical address.
Remappable at 0x0

Reserved 948000 A00000 736

eFlash(code) A00000 A40800 258 PD_MEM | AHB Physical address.
Remappable at 0x0.

Reserved A40800 16000000 | 349950

QSPIC_M 16000000 | 18000000 | 32768 PD_SYS | AHB Physical address. 8 Mbytes
Remappable at 0x0

QSPIC_C 18000000 | 1A000000 | 32768 PD_SYS | AHB

Reserved 1A000000 | 20000000 | 98304

SYSRAM 20000000 | 20018000 | 96 PD_MEM | AHB Physical address of

(data) SYSRAM. Remappable at
0x0

CACHE_SYS_ | 20018000 | 2001A000 | 8 PD_SYS | AHB Cortex-M33 S-Bus access

RAM

Reserved 2001A000 | 30020000 | 262168

AHB_DMA_B 30020000 | 30020400 |1 PD_MEM | AHB

Reserved 30020400 | 30040000 | 127

AES_HASH_C | 30040000 | 30050000 | 64 PD_SYS | AHB

Reserved 30050000 | 31000000 | 16064

eFlash(data) 31000000 | 31040800 | 258 PD_MEM | AHB No read buffering is
performed in this address
range

Reserved 31040800 | 32000000 | 16126

QSPIC_M 32000000 | 34000000 | 32768 PD_SYS | AHB Same physical address as
0x16000000

QSPIC_C 34000000 | 36000000 | 32768 PD_SYS | AHB Same physical address as
0x18000000

Reserved 36000000 | 36008000 | 32

CACHE_SYS_ | 36008000 | 36008400 |1 PD_SYS | AHB

C

Reserved 36008400 | 40000000 | 163807

CMAC 40000000 | 40003000 | 12 PD_RAD | AHB

RFCU 40003000 | 40003400 |1 PD_RAD | AHB

DEMOD 40003400 | 40003800 | 1 PD_RAD | AHB

ADPLL 40003800 | 40010000 | 50 PD_RAD | AHB
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Start End Size PD AMBA | Comments
Address Address (kB)
Reserved 40010000 | 40108000 992
CACHE_CMAC | 40108000 | 4010A000 | 8 PD_RAD | AHB Accessible by M33 when
_RAM CMAC cache is disable
Reserved 4010A000 | 40200000 | 984
PATCH_C 40200000 | 40300000 | 1024 PD_RAD | AHB
Reserved 40300000 | 50000000 259072
CRG 50000000 | 50000100 | 0,25 PD_SLP | APB32
WKUP 50000100 | 50000200 | 0,25 PD_SLP | APB32
PDC 50000200 | 50000300 | 0,25 PD_SLP | APB32
DCDC 50000300 | 50000400 | 0,25 PD_SLP | APB32
RTC 50000400 | 50000500 0,25 PD_SLP | APB32
QUADDEC 50000500 | 50000700 0,5 PD_SLP | APB32
WDOG 50000700 | 50000800 | 0,25 PD_SLP | APB32
Reserved 50000800 | 50010000 | 62
CRG_XTAL 50010000 | 50010300 0,75 PD_TIM APB32
TIMER 50010300 | 50010400 0,25 PD_TIM APB32
TIMER2 50010400 | 50010500 0,25 PD_TIM APB32
TIMER3 50010500 | 50010600 | 0,25 PD_TIM APB32
CMAC_TIM 50010600 | 50010700 0,25 PD_TIM APB32
Reserved 50010700 | 50020000 62,25
UART 50020000 | 50020100 0,25 PD_COM | APB32
UAR2 50020100 | 50020200 | 0,25 PD_COM | APB32
SPI 50020200 | 50020300 | 0,25 PD_COM | APB32
12C 50020300 | 50020400 | 0,25 PD_COM | APB32
SDADC 50020400 | 50020500 0,25 PD_COM | APB32
CRG_COM 50020500 | 50020600 0,25 PD_COM | APB32
GPIOMUX 50020600 | 50020800 | 0,5 PD_COM | APB32
Reserved 50020800 | 50020A00 | 0,5
TIMER4 50020A00 | 50020B00 | 0,25 PD_COM | APB32
Reserved 50020B00 | 50030000 61,25
CRG_AUD 50030000 | 50030100 | 0,25 PD_AUD | APB32
SRC1/PDM 50030100 | 50030200 | 0,25 PD_AUD | APB32
SRC2/PDM 50030200 | 50030300 | 0,25 PD_AUD | APB32
PCM 50030300 | 50030400 | 0,25 PD_AUD | APB32
Reserved 50030400 | 50040900 65,25
GPADC 50040900 | 50040B00 | 0,5 PD_PER | APB32
ANAMISC 50040B00 | 50040C00 | 0,25 PD_PER | APB32
CRG_PER 50040C00 | 50040E00 | 0,5 PD_PER | APB32
Reserved 50040E00 | 50050200 61
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Start End Size PD AMBA | Comments
Address Address (kB)
VERSION 50050200 | 50050300 0,25 PD_SYS | APB32
GPREG 50050300 | 50050500 | 0,5 PD_SYS | APB32
CRG_SYS 50050500 | 50050600 | 0,25 PD_SYS | APB32
RFMON 50050600 | 50050700 | 0,25 PD_SYS | APB32
Reserved 50050700 | 50060000 62,25
MEMCTRL_C 50060000 | 50060100 0,25 PD_MEM | APB32
FCU 50060100 | 50060200 0,25 PD_MEM | APB32
DMA_C 50060200 | 50060400 | 0,5 PD_MEM | APB32
AMBA 50060400 | 50060500 0,25 PD_MEM | APB32
Reserved 50060500 | EO000000 | 235891
0,75
ARM Internal EO000000 | FFFFFFFF | 524287 | PD_SYS
Bus ,999

Note 1  Access to QSPI Flash memory from peripherals (for example, DMA) is done through 0x36000000
memory space.

4.10 Busy status register

The DA14592 has two processing units that might request access to one or more of the system’s
peripheral controllers. The application software can map certain resources to one of the processing
units. But there are times, for example, when CMAC needs to use the General Purpose ADC to read
the die temperature and trigger a radio calibration, while the same ADC is required by the application
software running a State of Charge algorithm by checking the Battery Voltage on a regular basis.

To avoid race conditions and provide both processing units with a robust way of identifying who the
owner of the peripheral is, a hardware mutex is implemented. This is a 32-bit register
(BUSY_STAT_REGQG) that can be set/reset by using write-only registers (BUSY_SET_REG) and
(BUSY_RESET_REG). This prevents race conditions because two processing units are writing at the
same time. Two bits are reserved per resource so that the value represents the owner of the
resource:

0x0: resource is available for use

0x1: reserved

0x2: resource is busy, controlled by the Arm M33
0x3: resource is busy, controlled by the CMAC.

Such a mutex register, which decides resources that require sharing, can be defined by application
software. Table 67 shows a possible configuration of such a register.

Table 67: Busy Status Register Indicative Assignment

31- | 26- | 24- | 22- | 20- | 18- | 16- | 14- | 12- | 10- | 89 | 6-7 | 45 | 2-3 | 0-1 | Bit
28 27 25 23 21 19 17 15 13 11

RESERVED
Timer4
Timer3
Timer2

Timer
PDM
PCM

SRC2
SRC

SDADC
GPADC
12C
SPI
UART2
UART

Notice that the register is in the PD_MEM that is automatically activated if one of the three masters is
alive. However, if the system is in sleep, then this register is not retained.
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411 Remapping

Table 68: Remapping Options

Remap Field in the SYS_CTRL_REG - 3 bits

0x0 Remap ROM to address 0

0x1 Remap eFlash to address 0

0x2 Remap QSPI Flash/RAM cached area to address 0
0x3 Remap SysRAM1 to address 0

Ox4 Remap SysRAM3 to address 0

0x5 Remap System Cache RAM to address 0

0x6 Remap QSPI Flash/RAM area to address 0 (uncached)
0x7 RESERVED

In the case of eFlash (which is expected to be the normal use case), a register defining the actual
base address, where the image resides in the eFlash, needs to be created. This register should be
retained and serve the cache controller addresses requests upon cache misses.

4.12 Security features

The DA14592 supports a number of security features that can be configured. This is done using the
configuration script to program the following set-once (sticky) register bits (Note that these bits can
only be reset by hardware or POReset).

Table 69: Security Configuration Options

Bit Field Description

FORCE_M33_DEBUGGER_OFF This bit permanently disables the M33 debugger.

FORCE_CMAC_DEBUGGER_OFF | This bit permanently disables the CMAC debugger.

PROT_USER_APP_CODE This bit permanently disables write/erase operations on sectors 5-12
(Customer Application Area) in the embedded Flash.

PROT_APP_KEY This bit permanently disables read/erase operations on sector 2,
address range 0x00000800-0x00000BFF (User Application Expanded
Encryption Keys) in the embedded Flash.

PROT_VALID_KEY This bit permanently disables read/erase operations on sector 2,
address range 0x00000C00-0x00000FFF (Signature Keys) in the
embedded Flash.

PROT_CONFIG_SCRIPT This bit permanently disables write/erase operations on sector 1 (User
Configuration Script and security keys pointers) in the embedded Flash.

SECURE_BOOT This bit enables authentication of the image in the embedded Flash
while the system is booting.

4.12.1 Secure keys manipulation

This feature allows for programming up to eight different 256-bit symmetric keys for the user
application cases and up to eight different 256-bit ECC keys for the authentication of the embedded
Flash image. A revocation mechanism is supported through the booter allowing for changing the
current key of any of the two operations while the product is in the field.

4.12.2 Secure boot

This feature is enabled by programming the SECURE_BOOT_REG[SECURE_BOOQOT] bit in the User
Configuration Script and security keys pointers sector.
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This forces authentication of the eFlash image before booting is finished. The booter code starts the
Doubler, switches the system clock to 64 MHz, and then executes the Ed25519 verification
algorithm. If the generated signature and the signature stored in the eFlash match, authentication is
successful and booting is continued. If not, a hardware reset is issued.

The secure boot feature is not supported when booting from QSPI Flash is selected.

4,12.3 Secure access

Permanently disabling the SWI interface prevents unwanted access to the DA14592 CPUs. This is
done by programming the SECURE_BOOT_REG[FORCE_M33 DEBUGGER_OFF] and
SECURE_BOOT_REG[FORCE_CMAC_DEBUGGER_OFF] in the configuration script. This
disconnects the SWI signals from the respective CPU’s SWI controller.

Except for the sticky bit, the debugger has its own enable bit, namely,
SYS CTRL_REG[DEBUGGER_ENABLE] which is by default disabled. This bit is enabled during
booting at the "Retrieve Application Code" phase.

If nothing is programmed in the configuration script, JTAG is enabled a few microseconds after
POWERUP. If the sticky bit is programmed, JTAG is permanently disabled.

4.12.4 Validation

Every device can be uniquely identified using the Position, Package, and Time Stamp information put
in the eFlash Information Page during manufacturing. This is a 64-bit word, which contains
information about the position of the die, the wafer number, the package, and the time stamp of the
production testing that is compared to the Tester ID and site.

4.12.5 Cryptography operations

The DA14592 is equipped with hardware acceleration for supporting all modern cryptography
operations. More specifically, it consists of:

e A 256-hit capable AES encryption/decryption and key expansion engine that implements
ECB/CBC/CTR modes covering all symmetric key application needs.

e A complete HASH block supporting SHA-2.
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5 Power

5.1 Introduction

The DA14592 has a complete integrated Power Management Unit (PMU). This includes a buck
DCDC converter, several LDOs for the different power rails of the system, and brownout detection.
Figure 14 shows the system diagram of the analog Power Management Unit (PMU).

Features

m Synchronous Single Inductance Single Output Buck PCM DCDC converter with programmable
output 1.1 Vto 1.4 V.

Capability of using the DCDC converter both in active as well as in Sleep modes.

An LDO that can be used to instead of the DCDC converter in active and Sleep mode.

Active and retention LDO for the digital core with 20 mA/2 mA driving capability.

Active and retention LDO for the I/O-s with bypass functionality.

Separate LDOs for the radio operation supporting High-Performance and Low Power modes.
Brownout detection on all internal voltage rails.
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Figure 14. Power management unit architecture

5.2 Architecture

There are certain parts of the PMU that are powered directly from VBAT, namely the LDO_LOW, the
LDO_IO, the Bandgap, the POR and RCLP and the AON power domain that contains special low
leakage standard cells implementing the cold boot and wake-up from hibernation.

The Vbepe, Vobio, and Vop rails all have an external decoupling capacitor. All these rails have the
possibility to use a BOD. At cold boot, the LDO_LOW is used to power the Vbcoc rail. The DCDC can
be enabled by the software.

The digital core is further divided into power domains as explained in the "System Overview" section.
These domains are controlled by Software and in some cases the Power Domains Controller (PDC).
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Note

Vopio rail must be powered on during the wake up from Sleep mode. The valid register settings for a
successful wakeup are:

e | DO_IO mode:

o POWER_CTRL_REG[LDO |0 _ENABLE] =1

o POWER_CTRL_REG[LDO_IO_RET_ENABLE_SLEEP] =1
e LDO |0 BYPASS mode:

o POWER_CTRL_REG[LDO_IO_BYPASS_ACTIVE] =1

o POWER_CTRL_REGI[LDO_IO_BYPASS_SLEEP] =1

5.2.1 Buck DCDC converter

A Buck DCDC converter is used to supply the Vococ power rail that is basically providing power to the
digital core, the radio, the embedded Flash, the ADCs, and the clocking sources. The block diagram
is shown in Figure 15.

Vear
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—__ _=CEM _’ FSM _O

-/ '
LX Lexr Voeoe J—

3
)

Controller

Vrer

Cexr +

</
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Figure 15. DCDC converter block diagram

The DCDC converter can be enabled/disabled by DCDC_CTRL_REG[DCDC_ENABLE].
The LDO_LOW is disabled/enabled automatically. The FSM is clocked by the RC32M clock. The
level can be programmed by POWER_LEVEL_REG[VDCDC_LEVEL].

To enable the DCDC converter in Sleep mode, the POWER_CTRL_REG[DCDC_ENABLE_SLEEP]
should be used. When this bit is set and the system goes to sleep, the DCDC converter is enabled
instead of the retention LDOs. When in Sleep mode, the Vbcoc rail is monitored by the same
comparator as in Active mode but the RCLP clock is used instead of the RC32M clock. When
undervoltage is detected, the RC32M is enabled together with the DCDC-FSM and the Vbcoc is
charged. If the voltage on the rail is OK, the RC32M and DCDC-FSM are turned off again. This
results in duty cycled operation of the DCDC converter, where the duty cycle depends on the load
current.

The expected DCDC efficiency versus load current for various battery voltages is shown in Figure 16.
This is an indication of the possible efficiency of the DCDC converter. The quality of the external
components can affect the overall DCDC efficiency.
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Figure 16. DCDC converter efficiency (active)
5.2.2 LDOs

Several LDOs are used to provide a stable power supply to the rails and the building blocks:

e | DO_IO provides a stable 1.8 V to the Vopio rail (which supplies the GPIOs) in Active mode. The
LDO is enabled by the PMU FSM at cold boot. The LDO can be configured with the
POWER_CTRL_REG. The LDO_IO_BYPASS_ ACTIVE setting provides the option to connect
the Voo rail directly to Vear. When LDO_1O is set to 1.8 V output, the total current sourced from
Vopio rail (including GPIO pins) must not exceed LDO_IO I._oo max value.

e | DO_IO_RET provides a stable 1.8 V to the Vopiorail in Sleep mode. The LDO is enabled by the
PMU FSM when the chip enters Sleep mode. The LDO can be configured with the
POWER_CTRL_REG. The LDO_IO_BYPASS_ SLEEP setting provides the option to connect the
Vopio rail directly to Vear. When LDO_IO_RET is set to 1.8 V output, the total current sourced
from Vooio rail (including GPIO pins) must not exceed LDO_IO_RET I._bo max value.

e | DO_LOW supplies the Vococ rail when the DCDC converter is not enabled. The LDO is enabled
by the PMU FSM at cold boot and can be used in Active mode as well as in Sleep mode (with
different characteristics). When the DCDC converter is enabled, the LDO is disabled by the FSM.
The output voltage is programmable between 1.1 V and 1.45 V in steps of 50 mV by
POWER_LEVEL_REG[VDCDC_LEVEL]. (The same setting is used for the DCDC converter).

e | DO_CORE supplies the Vpprail in Active mode. The LDO is enabled by the PMU FSM at cold
boot. The output voltage can be programmed between 0.9 V and 1.25 V in steps of 50 mV by
POWER_LEVEL_REG[VDD_LEVEL_ACTIVE].

e | DO_CORE_RET supplies the Vop rail in Sleep mode. The LDO is enabled by the PMU FSM
when the chip enters Sleep mode. The output voltage can be setto 0.75 V or 0.9 V by
POWER_LEVEL_REG[VDD_LEVEL_SLEEP].

e LDOs for the analog blocks like the GP_ADC, SD_ADC and XTAL32M are typically enabled
when the block is enabled and do provide a 0.9 V voltage internally for the block.

e LDOs for the radio blocks provide an internal voltage and are powered on only just before an RF
transmission or reception.

The LDO_IO_RET, LDO_CORE_RET, and LDO_LOW (in Sleep mode) circuits operate in a sample
and hold manner. They contain a reference voltage capacitance which is used to regulate the output
voltage. However, due to leakage, this internal reference capacitor is discharged. To keep a stable
voltage reference, an automatic mechanism is built in hardware to start the Bandgap, sample the
voltage reference in the LDOs, and shut it down again. This periodic operation is programmable in
terms of timing with use of the BG_REFRESH_INTERVAL, which counts sleep clock ticks.
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5.2.3 POR circuit

The POR_VBAT is cleared when the battery voltage crosses Vr+ for three RCLP clock periods. This
is the trigger for the AON FSM to start a cold boot. When the battery voltage drops below the Vru-
Vhys, the POR is issued again. Supply filtering has been added to prevent POR triggering on fast
supply spikes.
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6 Power Domain Controller

6.1 Introduction

The Power Domain Controller (PDC) is responsible for taking action after waking up or before going
to sleep regarding the activation/de-activation of the seven digital power domains of the system. It
follows the hardware FSM for start-up/wake-up and it precedes the go-to-sleep hardware FSM
described in Section 4.3. It is a digital hardware state machine that defines the following parameters
after consulting a programmable look-up table (LUT):

Which power domain to activate after a wake-up trigger.
e |f XTAL32M needs to be started after a wake-up trigger.

If the system is allowed to go to hibernation (trigger the hardware FSM to disable DCDC,
Bandgap, and LDOSs).

The PDC can be triggered by any GPIO, general purpose timers, RTC, the MAC timer, SWD
presence, or even by a Software trigger issued by one of the three masters of the system (Cortex-
M33, CMAC, or FCU).

Features

m 12 places of 13-bit words Look-Up Table (LUT) for defining what the system should do upon any
wake-up trigger

Triggers from |0s, internal timers/controllers, or software

Triggers from internal diagnostic signals

Monitors if a power domain is actively used by any master before shutting it down

System wake-up can be overridden by accessing the PMU_CTRL_REG.

Peripherals | PMU Control Register |

Wake Up | /1riG_ip—)]
Controller —+0_ID—

T|me;/2/3/ L Ra— Masters
Radio Diag —rRa— - D in Controll
ower Domain Controller
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ESM = RG> CMAC
MAC timer —IRQ—
RTC —Alkrm—;
—Event—)
. n —PDC_M33_IRQ—|
Other | 1rRa— \ Pending Register ARM M33
|
Look Up Table

12 places x 13 bits

Figure 17. Power domain controller block diagram
6.2 Architecture
6.2.1 Look-up table

The Look-Up Table (LUT) is initialized at cold boot by the Cortex-M33. It is instructing the PDC which
digital power domains to activate based on the triggering source.
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Table 70 shows the format of the LUT.

Table 70: PDC LUT Format

Bit Function
0 if 0x00 then PO if 0x01 then P1 if 0x02 or 0x3 then Peripheral
1 GPIO GPIO
o 2 Pin_ID Pin_ID Periph_ID
§ 3 Pin_ID Pin_ID Periph_ID
= 4 Pin_ID Pin_ID Periph_ID
5 Pin_ID Pin_ID Periph_ID
6 Pin_ID Pin_ID
7 Enable XTAL32M
8 Enable PD_TMR
S 9 Enable PD_PER
E 10 Enable PD_COM (Needed for using the GPIOs)
11 Wake up Master_ID
12 Wake up Master_ID

A look up table of 13 bits width describes what happens on each trigger. The depth of the LUT is 12
places, the system supports up to 12 different configurations given a specific trigger for waking up, but
this could be changed dynamically by application software if needed.

There are three different trigger types that are evaluated when a trigger comes according to the value
bits 0 and 1 of each LUT entry:

e |f Bits[1:0]=0x0 then it is a GPIO toggle from PO. Bits [6:2] contain the pin number that has
triggered.

e |f Bits[1:0]=0x1 then it is a GPIO toggle from P1. Bits [6:2] contain the pin number that has
triggered.

e If Bits[1:0]=0x2 or 0x3 then it is a trigger from some peripheral. Bits [5:2] define the peripheral
according to Table 71.

Table 71: Peripheral Trigger Encoding

o

Peripheral

Timer

Timer2

Timer3 || Quadrature Decoder

Timer4
RTC Alarm/Rollover
RTC Timer

MAC Timer

Reserved
XTAL32MRDY_IRQ
RFDIAG_IRQ

Debounced 10 ||
JTAG present || CMAC2SYS_IRQ

Ol N|O|O|Dd|lW|DN|F|O

=
o
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ID Peripheral
11 Reserved
12 FCU_IRQ
13 Fast wake-up
14 Reserved
15 Software Trigger Only

Bits[12:7] explain what needs to be done upon a trigger from the triggering sources as explained so
far. More specifically, a triggering source might request to:

e Enable the XTAL32M. This bit is set if clock precision is required by the application. Note that
the PDC state machine only enables the XTAL32MHz block but switching the system clock to the
XTAL32M is not done. This must be done by software. Since multiple masters might want to
switch to XTAL32M, switching to this clock can be done by any master but switching back should
not be allowed. Turning off the XTAL32M is done automatically when the system enters sleep (for
example, the PDC allows the hardware FSM to turn off all LDOs and Bandgap).

e Enable PD_TMR or PD_PER. These digital power domains do not contain a master. PD_MEM
always is enabled since all masters are using this power domain.

e Enable PD_COM. To use GPIOs, the PD_COM must be activated. Some exceptions apply, for
example, Timers' outputs during sleep, and so forth.

e Issue a wake-up IRQ/Signal to any other master. Hence a master can wake up another master
with the use of a LUT entry. The Master ID is encoded as in Table 72.

Table 72: Master Trigger Encoding

ID Master
0x0 Reserved
0x1 Cortex-M33
0x2 CMAC
0x3 Reserved

6.2.2 Operation

The PDC re-evaluates all available information every time there is a trigger input. It does the same
every time there is feedback from one of the two masters (M33 or CMAC) indicating that they have
finished what they were triggered to do. The latter is implemented using signaling between the
masters and the PDC, namely:

e A deep sleep signal coming from Cortex-M33 or CMAC which is asserted when the Cortex-M33
SCR bit is set and the WFI command executed.

Every time a trigger occurs, the PDC follows the action plan as programmed in the LUT.

The PDC, upon triggering, asserts the respective bit number in the PENDING register that keeps one
bit per LUT entry (for example, if LUT entry #2 is triggered, PENDING|2] is also asserted). The
master that has been woken up, acknowledges the PENDING bit and after finishing its tasks, it
notifies the PDC that any request for power domains activation is not valid anymore. The PDC cross-
checks the complete LUT to decide if there is any other active entry that still uses any of the power
domains requested. If not, these power domains are shut down. If other masters still use one of the
domains, then it does not allow this domain to be powered down.

The PENDING register should be acknowledged as soon as possible and well before issuing a
SLP/WFI command.

If there is no active LUT entry where one of the two masters is still up and running, then the PDC
allows the system to go to deep sleep (that is, invoke the hardware FSM and turn off bandgap and
LDOs). Any power domain is allowed to turn off, depending on the value of the respective field in
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PMU_CTRL_REG. Hence, if for example, PMU_CTRL_REG[RADIO_SLEEP] = 1, then given the fact
that no LUT entry is active, the power domain is turned off.

6.3 Programming
To program and use the Power Domain controller:

1. Add a PDC entry by writing the PDC_CTRLx_REG:
a. Select Trigger (TRIG_SELECT):
i. 0:Trigger is a GPIO on Port 0 (selectable through Wake-Up Controller).
ii. 1:Triggeris a GPIO on Port 1 (selectable through Wake-Up Controller).
ii. 2:Trigger is a Peripheral IRQ (see register description).
iv. 3: Trigger is another Master (see register description).

b. Select Trigger ID (TRIG_ID):
Valid when TRIG_SELECT = 0x0, 0x1 or 0x2 (see register description for options).

c. Enable extra options if needed (EN_COM, EN_PER, EN_TMR, EN_XTAL).
d. Select the master to wake up (PDC_MASTER):
i. 0:PDC entry is disabled.
ii. 1:Wake up Arm Cortex-M33.
iii. 2: Wake up CMAC.
2. Check if a PDC entry has been triggered (PDC_PENDING_REG).
If needed, trigger a PDC by software (PDC_SET_PENDING_REG).
4. Clear any pending requests and/or IRQs (PDC_ACKNOWLEDGE_REG).

w
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7 Brown-Out Detector

7.1 Introduction

Final

The brown-out detector (BOD) is a voltage monitoring circuit that triggers a hardware reset if LDOs or
supply voltages go below a certain threshold.

The BOD comprises a set of analog comparators that are always active in either ACTIVE, SLEEP, or
DEEP_SLEEP mode. The outputs of the comparators can selectively be masked or disabled.

Features

m Independent voltage monitoring of three power rails (VBAT, VDCDC, VDD)

m  Programmable BOD level for VDD rail

m Periodic detection mechanism, available during active and sleep periods.

Vref 0V75

Vdd

Vdcdc

Vddio

vbat

los

jos sources only active when
vddd sleep level is sekected

vbat
_D_ flag_veflash_ok
+
vbat
_D_ flag_vdcdc_ok
+ BOD_VDCDC_MASK

vbat

BOD_VDDIO_MASK

[: )_ flag_vio_ok

flag_vddd_ok
BOD_VDD_MASK

Comparators are
individualy controlled by
the BOD_DIS_x_COMP
inputs

BOD_SEL_VDD_LVL _D_
T
| +
! vbat
|
— ] -
L 1T
1
BOD7D157VDD10760MP-[>o—| I:‘ _| I:‘ _| I:‘
Vss_a
BOD_DI5_VDD_COMP BOD_DIS_VDCDC_cOMP {>o——

BOD_DIS_EFLASH_COMP | >o———————

Figure 18. Brown-out detector block diagram
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7.2 Architecture

The Brown-out Detector block is an analog block that utilizes four comparators that monitor during
active or sleep mode the three power rails of the PMU. Table 73 shows the voltage level of each
comparator.

Table 73: Brown-out Detectors and Default Levels

Comparator Default POR Level (V)
VDDIO 1.65

VDCDC 0.99

VDD (Active) 0.78

VDD (Sleep) 0.7

For the VDD rail the voltage level threshold is programmable
(BOD_CTRL_REGI[BOD_SEL_VDD_LVL]) and can vary from 0.7 V to 1.05 V. The load in sleep
mode is specific and not affected by the user application. It is recommended that the BOD is disabled
for the VDD rail during the sleep mode.

Due to the eFlash internal mechanism when a power loss happens during programming or erasing
the eFlash, the hardware reset signal coming from the BOD_VDD is gated by the FCU. This signal is
an input to the FCU block indicating that a power loss is imminent. When this signal is asserted the
FCU discharges the internal high voltage rails of the eFlash using an internal damage relief
mechanism. This operation lasts for at least 5 ys. As soon as that time elapses, an FCU signal
releases the hardware reset signal coming from the BOD_VDD.

7.3 Programming
To configure the Brown-Out Detector:

1. Configure the BOD voltage level for the VDD power rail
(BOD_CTRL_REG[BOD_SEL_VDD_LVL)).

2. Enable/disable the BOD monitoring for the chosen power rails (BOD_CTRL_REG).
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8 Reset

8.1 Introduction

The DA14592 has a nRST pad which is active low. It contains an RC filter for spikes suppression
with 400 kQ resistor and a 2.8 pF capacitor. It also includes a 25 kQ pull-up resistor. This pad should
be driven externally using FET or a single button connected to Ground. The typical latency of the
NRST pad is about 2 ps.

Additionally, a configurable Power-on Reset circuitry is included to allow for a programmable time
delayed POR functionality from a configurable reset source. By default, this circuitry is connected to
the nRST pin, but software can remap it additionally to any GPIO.

A software reset is available also. This is done by either programming a specific register or triggering
it through the debugger interface.

Features
RC spike filter on nRST to suppress external spikes (400 kQ, 2.8 pF).
Three different reset lines (software, hardware, and POR).

Reset cause is latched in a specific register.
Configurable POR circuitry.

System Bus System Bus

HW_RESET
DEBUGGER_ENABLE

~~

14

[SWD_HW_RESET_REQ]

Debugger SWD_RESET_REG ‘ ‘ SYS_CTRL_REG[SW_RESET]
SWDIO SWDAP SW_RESET
ARM
SWDCLK AIRCRISYSRESETREQ] ’

zsk% NMI

WDOG _reset HW_RESET

| .
RSN \ PAD_RESET

POR_VBAT —

PWR ON

— ] {>‘ RESET
GPIO > POR Timer
[ POR_PIN_REG[PIN_SELECT] |

Brown Out Detection —

Figure 19. Reset block diagram

There are three main reset signals in DA14592:

1. The PWR ON reset, triggered by a GPIO set as POR source with selectable polarity and/or the
nRST pad, after a programmable time delay.

2. The hardware reset, triggered by the RST pad when it becomes active for a short period of time
(less than the programmable delay for POR).

3. The software reset, triggered by writing the SYS_CTRL_REG[SW_RESET] bit or Arm's
AIRCR[SYSRESETREQ] register.

8.2 Architecture

The Power-on Reset (POR) signal is generated as follows:
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e Internally; it will release the system’s flip flops as soon as the VBAT voltage crosses the minimum

threshold value.

e Brown-Out Detection senses the various internal voltage levels to be higher than the

programmed thresholds.

e Externally by a Power-on Reset source (nRST pad or GPIO).

The hardware reset can be automatically triggered at system wake-up from the Extended or Deep
Sleep mode by programming bit PMU_CTRL_REG[RESET_ON_WAKEUP]. The PWR ON reset and
the hardware reset runs the cold start-up sequence and the BootROM code is executed.

The software reset is the logical OR of a signal from the Arm CPU (triggered by writing SCB->AIRCR
= Ox05FA0004), and the SYS_CTRL_REG[SW_RESET] bit. This is mainly used to reboot the system
after the base address is remapped.

Certain registers are reset by Power-on Reset only. Table 74 lists these registers.

Table 74: Reset Signals and Registers

Reset Source

Registers

POR Reset

RST_CTRL_REG
SYS_STAT REG[POWER_IS_UP]
CLK_XTAL32K_REG
CLK_RTCDIV_REG
BANDGAP_REG
RESET_STAT_REG[PORESET_STAT]
POR_PIN_REG

POR_TIMER_REG
RTC_CONTROL_REG
RTC_KEEP_RTC_REG
RTC_EVENT CTRL_REG
RTC_PDC_EVENT_PERIOD_REG

HW Reset

CACHE_FLASH_REG
CACHE_EFLASH_REG
CLK_AMBA_REG

CLK_RADIO_REG

CLK_CTRL_REG

PMU_CTRL_REG

CLK_RCLP_REG

CLK_RC32M_REG

CLK_RCX_REG
PO_PAD_LATCH_REG
PO_SET_PAD_LATCH_REG
PO_RESET_PAD_LATCH_REG
P1_PAD_LATCH_REG
P1_SET_PAD_LATCH_REG
P1_RESET_PAD_LATCH_REG
BIAS_VREF_SEL_REG
RAM_PWR_CTRL_REG

RESET_STAT _REG[HWRESET_STAT]
RESET_STAT_REG[SWD_HWRESET_STAT]
SECURE_BOOT_REG
BOD_CTRL_REG
POWER_CTRL_REG
POWER_LEVEL_REG
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Reset Source

Registers

HIBERN_CTRL_REG
PMU_SLEEP_REG
DCDC_CTRL_REG
PDC_CTRLO_REG
PDC_CTRL1 REG
PDC_CTRL2_REG
PDC_CTRL3_REG
PDC_CTRL4 REG
PDC_CTRL5_REG
PDC_CTRL6_REG
PDC_CTRL7_REG
PDC_CTRL8_REG
PDC_CTRL9_REG
PDC_CTRL10_REG
PDC_CTRL11_REG
PDC_ACKNOWLEDGE_REG
PDC_PENDING_REG
PDC_PENDING_CM33_REG
PDC_PENDING_CMAC_REG
PDC_SET_PENDING_REG
PDC_CONFIG_REG
XTAL32M_START_REG
XTAL32M_SETTLE_REG
XTAL32M_TRIM_REG
XTAL32M_CAP_MEAS_REG
XTAL32M_FSM_REG
XTAL32M_CTRL_REG
XTAL32M_IRQ_CTRL_REG
XTAL32M_STATO_REG
XTAL32M_IRQ_STAT_REG
CLKDBLR_CTRL1_REG
CLKDBLR_CTRL2_REG
FLASH_PTWK_SP_REG
QDEC_CTRL_REG
QDEC_XCNT_REG
QDEC_YCNT_REG
QDEC_CLOCKDIV_REG
QDEC_CTRL2_REG
QDEC_ZCNT_REG
QDEC_EVENT_CNT_REG
QSPIC_CTRLBUS_REG
QSPIC_CTRLMODE_REG
QSPIC_RECVDATA_REG
QSPIC_BURSTCMDA_REG
QSPIC_BURSTCMDB_REG
QSPIC_STATUS_REG
QSPIC_WRITEDATA_REG
QSPIC_READDATA_REG
QSPIC_DUMMYDATA_REG
QSPIC_ERASECTRL_REG
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Reset Source Registers

QSPIC_ERASECMDA_REG
QSPIC_ERASECMDB_REG
QSPIC_BURSTBRK_REG
QSPIC_STATUSCMD_REG
QSPIC_CHCKERASE_REG
QSPIC_AWRITECMD_REG
QSPIC_MEMBLEN_REG

Watchdog Reset RESET_STAT_REG[CMAC_WDOGRESET_STAT]
RESET_STAT_REG[WDOGRESET_STAT]

SW Reset The rest of the Register File

8.2.1 Power-on reset from pin
The Power-on Reset function can be triggered at timer expiration. It is available at two sources:

e Reset Pad (nNRST): Reset pad is always capable of producing a Power-on Reset.
e GPIO Pin: A GPIO can be selected by the user application to act as POR source.

The POR_TIMER_REG configures the time needed for the POReset signal to be active. The register
field POR_TIME is a 7-bits field (maximum value is 0x7F), which holds a multiplication factor for
counting RCLP clock periods. This is explained in the following formula:

Total time for POR = POR_TIME x 4096 x RCLP clock period,
where RCLP clock period equals to 31.25 or 1.95 ps at 25 °C.

When RCLP runs at 32 kHz, the maximum time for issuing a POR is ~16.2 seconds at 25 °C, while
the default value is ~3 seconds (POR_TIME=0x18).

The RCLP clock is temperature dependent and as such drift over the temperature should be
expected.

The Power-on Reset timer is clocked by the RCLP clock. If the application disables the RCLP, then
hardware takes care of enabling the RCLP clock when the POR source (Reset pad or GPIO) is
asserted. If POR is generated from the Reset pad, RCLP operates with the default (reset) trim value.
If a GPIO is used as a POR source, the RCLP clock is trimmed. The timing deviation between both
cases is expected to be minor.

When a GPIO is used as a Power-on Reset source, the selected pin retains its capability to act as
GPIO. The POR_PIN_REG|[PIN_SELECT] field holds the required GPIO pin number. If the value of
the PIN_SELECT field equals to 0, the POR over GPIO functionality is disabled. The polarity of the
pin can be configured by the POR_PIN_REG [POR_POLARITY] bit where 0 means Active Low and
1 Active High.

Figure 20 shows the operation of the Power-on Reset for both Reset pad and GPIO.
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Figure 20. Power-on reset timing diagram

If any of the POR sources is asserted, then the POR timer starts to count. When a POR source is
released before the timer has expired, POR timer resets to 0. If a second source is asserted while
the first is already asserted and the first is released after that point, POR occurs; assuming that the
total time of both sources kept asserted is larger or equal than the POR_TIME.

The POR_PIN_REG[PIN_SELECT] field cannot survive any Reset (POR, hardware, software) hence
the user must take special care on setting up the GPIO POR source right after a reset. This also
applies for the POR_TIMER_REG[POR_TIME] field after a Power-on Reset.

8.3 Programming
To configure the POR from GPIO functionality:
1. Select the GPIO to be set as POR source (POR_PIN_REG[POR_PIN_SELECT]).

2. Set up the input polarity of the GPIO that causes POR (POR_PIN_REG[POR_PIN_POLARITY]).

3. Configure the time for the POR to happen (POR_TIMER_REG[POR_TIME]). The default time is
~3 seconds.

NOTE
To set up the time that the Reset pin produces a POR, only POR_TIMER_REG has to be set.
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9 Arm Cortex-M33

9.1 Introduction

The Cortex-M33 processor is a low gate count, highly energy efficient processor that is intended for
microcontroller and deeply embedded applications. The processor is based on the Armv8-M
architecture and is primarily for use in environments where security is an important consideration.
The interfaces that the processor supports include:

Code AHB (C-AHB) interface

System AHB (S-AHB) interface

External PPB (EPPB) APB interface

e Debug AHB (D-AHB) interface.

Arm Cortex-M33 does not retain its status when going to any sleep modes that switch off its power
domain. So, the CPU always wakes up in reset. Restoration of the CPU state is done by software.

Features

m  Supports the Armv8-M Main Extension. The processor has optional support for one or more of
the following extensions:

O The Floating-point Extension.

O The Digital Signal Processing (DSP) Extension.

o The Debug Extension.

An in-order issue pipeline.

Thumb-2 technology.

Configurable to perform data accesses as either big or little endian.

Nested Vectored Interrupt Controller (NVIC).

Floating Point Unit (FPU) supporting single-precision arithmetic:

o Combined multiply-add instructions for increased precision (Fused MAC).

o Hardware support for conversion, addition, subtraction, multiplication with optional
accumulate, division, and square root.

O Hardware support for denormals and all IEEE Standard 754-2008 rounding modes.
O 32 32-hit single-precision registers or 16 64-bit double-precision registers.

o Lazy floating-point context save.

Support for exception-continuable instructions.

Micro Trace Buffer (MTB).

9.2 Architecture

9.2.1 Interrupts

This section lists all 35 interrupt lines, except the NMI interrupt, and describes their source and
functionality. Table 75 shows the overview of the interrupts.

Table 75: Interrupt List

# | Name Type Polarity Description
0 | Reserved - - -
1 DMA_IRQ Pulse Active High | General Purpose DMA interrupt line
2 | CMAC2SYS_IRQ Level Active High | CMAC and mailbox interrupt line
3 | UART_IRQ Level Active High | UART interrupt line
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# | Name Type Polarity Description
4 | UART2_IRQ Level Active High | UART2 interrupt line
5 12C_IRQ Level Active High | 12C interrupt line
6 | SPI_IRQ Level Active High | SPI interrupt line
7 FCU_IRQ Level Active High | eFlash interrupt line
8 PCM_IRQ Pulse Active High | PCM interrupt line
9 | SRC_IN_IRQ Level/Pulse | Active High | SRC input interrupt line
10 | SRC_OUT_IRQ Level/Pulse | Active High | SRC output interrupt line
11 | SRC2_IN_IRQ Level/Pulse | Active High | SRC2 input interrupt line
12 | SRC2_OUT_IRQ Level/Pulse | Active High | SRC2 output interrupt line
13 | Reserved
14 | TIMER_IRQ Level Active High | TIMER interrupt line
15 | TIMERZ_IRQ Level Active High | TIMERZ2 interrupt line
16 | RTC_IRQ Level Active High | RTC interrupt line
17 | KEY_WKUP_GPIO_IRQ Level Active High | Debounced button press interrupt. This
interrupt is first driven to the PDC and then
directed to the required masters to be waken
up/notified
18 | PDC_M33_IRQ Level Active High | This is an interrupt coming from the PDC
indicating that the M33 needs to be waken
up due to a GPIO/Peripheral/other master
request.
19 | MRM_IRQ Pulse Active High | Cache miss rate monitor interrupt
20 | Reserved
21 | QUADDEC_IRQ Level Active High | Quadrature Decoder interrupt line
22 | Reserved
23 | XTAL32M_RDY_IRQ Pulse Active High | Indicates that XTAL32M oscillator is trimmed
and settled and can provide a reliable 32
MHz clock
24 | CLK_CALIBRATION_IRQ Level Active High | Indicates that the calibration of the selected
clock has been performed successfully
25 | GPADC_IRQ Level Active High | SAR analog-digital converter interrupt
26 | SDADC_IRQ Level Active High | SD analog-digital converter interrupt
27 | CRYPTO_IRQ Level Active High | Crypto interrupt. Sources: AES or HASH
function interrupt
28 | CAPTIMER_IRQ Pulse Active High | GPIO triggered Timerl Capture interrupt
29 | RFDIAG_IRQ Pulse Active High | Baseband or Radio Diagnostics Interrupt.
Required for signaling Radio or Baseband
internal events. 2 signals per Radio and 2
per BB
30 | TIMER3_IRQ Level Active High | TIMERS interrupt line
31 | TIMER4_IRQ Level Active High | TIMER4 interrupt line
32 | RTC_EVENT Level Active High | RTC event interrupt line
33 | GPIO_PO_IRQ Level Active High | GPIO port 0 toggle interrupt line
34 | GPIO_P1 IRQ Level Active High | GPIO port 1 toggle interrupt line
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9.2.2 Reference

The register descriptions for the Nested Vectored Interrupt Controller (NVIC), the System Control
Block (SCB), and the System Timer (SysTick) of the Arm Cortex-M33 can be found in the following
documents, available on the Arm website:

Devices generic user guide:
https://developer.arm.com/documentation/100235/0100/
Technical reference manual:
https://developer.arm.com/docs/100230/0004
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10 Cache Controller

10.1 Introduction

The cache controller is used to accelerate the system performance of the Arm Cortex-M33 executing
from eFlash. The cache controller dynamically loads program and data code into the cache RAM and
Arm Cortex-M33 executes from there, resulting in reduced accesses on the eFlash for more power
efficient operation.

The cache controller is controlled via the CACHE_* REGs. The cache administration is kept in
the TAG memory region, which is part of the cache RAM. The cache RAM is initialized when the
cache controller is enabled.

For debugging, the cache RAM memory can be monitored on the AHB-SYS bus (see memory map).
Furthermore, the cache RAM can be used for static code and data storage when the cache controller
is disabled.

Features

Four-way set associative cache implementation.

8 kB cache size and 8 B cache line size.

Support up to 32 MB of cacheable range.

Built-in cache memory invalidation/initialization when cache is enabled.

Least Recently Used (LRU) replacement strategy.

Cache RAM monitoring.

Instruction and Data caching upon read access, no write path to cache available.
Bypass mode.

Configurable critical-word first functionality for cache misses.

Cache internal latency:

Zero wait cycle for cache hits on Most Recently Used (MRU) words.

One wait cycle for cache hits on LRU words.

1-wait cycle for cache misses with critical-word first functionality enabled.

Max four-wait cycles for cache misses without critical-word first functionality enabled.

O o o o

Zero wait cycle in transparent bypass mode.

Datasheet Revision 3.0 Dec 28, 2023

CFR0011-120-00 115 of 498 © 2023 Renesas Electronics



LENESAS

DA14592
Multi-Core BLE 5.2 SoC with Embedded Flash Final
< AHB-SYS >
Cache
RAM
CACH‘E_LEN T CA(}:E_LEN
: ) Cache Core " :
A AHB-CPU >
. \,ﬂf\/ G A \

REMAP_ADRO

A h 4 A
{ )
v 4

Figure 21. Cache controller block diagram
10.2 Architecture

10.2.1 Cacheable range

The cache controller caches address range 0-Ox1FFFFFFF (32 MB). If REMAP_ADRO = 0x1 or 0x2,
all addresses from 0 to CACHE_EF_LEN are cached, else the cache controller automatically asserts
the bypass mode. The bypass mode can be forced for all addresses by setting CACHERAM_MUX =
0 or the CACHE_EF_LEN =0.

10.2.2 Cache replacement strategy

The cache controller stores usage statistics for each cache line to be able to indicate the Least
Recently Used (LRU) cache line among the four ways. In case of a cache miss, the LRU cache line
is replaced with a new cache line, which is fetched from eFlash. The data fetch can be configured to
be critical word first, in which case the requested word from the Arm Cortex M33 is the first word that
is requested by the eFlash or regular data fetch in which the first word in the cache line is requested
by the eFlash. This functionality can be configured by the CACHE_CWF_DISABLE bit in
CACHE_CTRL2_REG.

10.2.3 Cache reset
The cache controller comprises two reset signals connected:

e The HW_RESET: When this reset is activated, all cache logic and registers are reset to their
default values, while all data in the cache memories are cleared and all CACHE_* REG are set
to their reset values. It takes around 300 AHB cycles to clear the cache memories. If a fetch
request occurs during this reset period, the request is the reset and wait-states is inserted.

e The SW_RESET: Upon a SW_RESET the cache state machine and cache memories are reset,
but the CACHE_*_REG are not affected and remains as programmed.

Furthermore, the cache controller can be disabled or enabled with the use of

SYS CTRL_REG[CACHERAM_MUX] configuration bit. Every time the cache controller is enabled it
performs a cache RAM initialization process to clear all the TAG information and cached data from
the cache RAM. If the cache is disabled, the cache RAM can be used by the system as a regular
RAM.

Datasheet Revision 3.0 Dec 28, 2023

CFR0011-120-00 116 of 498 © 2023 Renesas Electronics



DA14592 RENESAS

Multi-Core BLE 5.2 SoC with Embedded Flash Final

10.2.4 Miss rate monitor

The system includes a cache miss rate monitor circuitry that gives real time information on the
number of cache misses within a certain amount of time. When a programmable threshold is
reached, an interrupt is sent to the CPU to act. This block only operates while the system is in active
mode. The main features are:

Up to 10 ms active time interval counter.

Registered amount of cache misses.

Registered amount of cache hits.

Programmable threshold of cache misses that generates an interrupt.

The CACHE_MRM_HITS_ REG contains the amount of cache hits. The
CACHE_MRM_MISSES_REG contains the number of misses counted within the time interval
programmed at the CACHE_MRM_TINT_REG in CPU clock cycles.

10.3 Programming

10.3.1 Cache controller programming
To configure the Cache Controller:

1. Disable the Cache by clearing the CACHE_CTRL2_REG[CACHE_EF_LEN] bit field.

2. Enable the cache (CACHE_CTRL2_REG[CACHE_LEN] !=0).
The size of the cacheable eFlash memory can be specified in
CACHE_CTRL2_REG[CACHE_EF_LEN] when CACHE_CTRL2_REG[CACHE_EF LEN]!=1.If
CACHE_CTRL2_REG [CACHE_EF_LEN] = 1, then the memory space is specified by
CACHE_EFLASH_REG [EFLASH_REGION_OFFSET].

10.3.2 Miss rate monitor programming
To configure the Miss Rate Monitor:

1. Freeze all counters by clearing the CACHE_MRM_CTRL_REG[MRM_START] bit.
2. Set up the thresholds that produce interrupts:
a. Cache Misses threshold: CACHE_MRM_MISSES_THRES_REG[MRM_MISSES_THRES].
b. Cache Hits threshold: CACHE_MRM_HITS_THRES_REG[MRM_HITS_THRES].
c. Time passed threshold: CACHE_MRM_TINT_REG[MRM_TINT].
3. Unmask all interrupts by setting the CACHE_MRM_CTRL_REG[MRM_IRQ_MASK] bit.
4. Enable the chosen interrupts:
a. CACHE_MRM_CTRL_REG[MRM_IRQ_HITS_THRES_STATUS]: The number of cache hits
reached the programmed threshold.
b. CACHE_MRM_CTRL_REG[MRM_IRQ_MISSES THRES_STATUS]: The number of cache
misses reached the programmed threshold.
c. CACHE_MRM_CTRL_REG[MRM_IRQ_TINT_STATUS]: The time interval counter reached
the end.
5. Enable all counters by setting the CACHE_MRM_CTRL_REG[MRM_START] bit.

6. Read the results (misses and/or hits) in the CACHE_MRM_MISSES REG and
CACHE_MRM_HITS_ REG registers.
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11 Bus

11.1 Introduction

The DA14592 is equipped with a multi-layer AMBA bus that enables parallel data paths among
different masters and slaves.

The bus matrix comprises four main busses:

1. AHB-CPUC bus where the System Cache is master. This is the primary bus for executing code
from. Memory map range is 0x00000000- Ox1FFFFFFF (No address decoding above
0x20000000).

2. AHB-CPUS bus where the Arm M33 is master. This is the bus for the system. Memory map
range is 0x20000000 — OXDFFFFFFF and above 0XxE0100000 (No address decoding below
0x20000000).

3. AHB-DMA bus where the RFMON, the Generic DMA, and the Crypto block (AES/HASH) can be
masters.

4. AHB-CMAC bus where the CMAC is the only master.

There are several slaves, sitting behind interconnection multiplexers (ICMs) that allow access from
the AHB busses; namely:

QSPI RAM/Flash memory controller

32-bit APB peripheral registers

The RAM controller

The ROM controller

The eFlash (FCU) controller

The AHB register file contains registers for the QSPI RAM/Flash controller, CMAC, the Crypto,
and so on.

Features

m Enables parallelization of data transfers from:
o Peripherals to memory (GP DMA)
O Cortex-M33 data read/writes from RAM
O Cortex-M33 executing code from eFlash
O Cortex-M33 executing code from QSPI RAM/Flash.

m  Supports parallel accessing of GP DMA, MACCPU, and SYSCPU on (different) memory
segments without collisions.
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Figure 22. Bus architecture

11.2 Architecture

Figure 22 shows the architecture of the AMBA bus matrix. There are three potential masters for the
APB32, namely: CMAC, Cortex-M33, and the DMA engines. A multiplexer is required there to allow
access to a single master on the APB32 multiplexing.

There is one protection unit — the eFlash Controller Register Unit (FPU) — that forms part of the
system’s security perimeter. FPU protects the eFlash region where private keys are stored; keys that
the CPU cannot read. Access to this space is only allowed when a special signal (secure channel) is
activated by the GP DMA. Furthermore, the Crypto Controller registers that keep the AES key are
write only registers and cannot be written by CPU.

Additionally, FPU blocks any access to specific regions of the eFlash based on the configuration of
the SECURE_BOOT_REG. Rest of accesses to other register files or eFlash regions are completely
transparent and are not gated by FPU.

The default priorities of the four buses are listed in the following tables.
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Table 76: AHB-DMA Master Fixed Priorities
Priority Master
1 (highest) RFMON
2 GPDMA
3 CRYPTO
4 (lowest) Reserved
Table 77: ICM1 Programmable Priorities
Priority AHB Bus (Default) AHB Bus (Programmable)
1 (highest) AHB-CMAC AHB-DMA
2 AHB-CPUS AHB-CMAC
3 AHB-CPUC AHB-CPUS
4 (lowest) AHB-DMA AHB-CPUC
Table 78: ICM2 Priorities
Priority AHB Bus
1 (highest) AHB-CMAC
2 AHB-CPUS
3 AHB-CPUC
4 (lowest) AHB-DMA
Note: Bursts can brake
Table 79: ICM3 Priorities
Priority AHB Bus
1 (highest) AHB-CMAC
2 AHB-DMA
3 Reserved
4 (lowest) AHB-CPUS
Table 80: ICM4 Priorities
Priority AHB Bus
1 (highest) AHB-DMA
2 (lowest) AHB-CPUS
Table 81: ICM5 Priorities
Priority AHB Bus
1 (highest) AHB-DMA
2 (lowest) AHB-CPUS
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12 Configurable MAC

12.1 Introduction

The Configurable Medium Access Controller (CMAC) is a Flexible MAC hardware block based on
Arm Cortex-MO+ that can be programmed to support multiple protocols.

The CMAC executes code from the system RAM and ROM with zero wait states. It also has access
to all APB peripherals of the system.

Features

Implements Bluetooth® LE 5.2 controller stack, including HCI.

Optional Bluetooth® LE 5.2 Features supported:

o 2 Mbps

o Channel selection algorithm #2

High Duty Cycle Non-Connectable Advertising

Advertising Extensions (Note 1)

Periodic Advertising (Note 1)

AoA/AoD (Note 1)

Autonomous operation for Advertising or keep-alive connections.
Autonomous execution and sleep cycles.

Rapid wake-up and go-to-sleep operation.

Size and base address of RAM for code execution is configurable.
Accelerators in hardware:

O Link Layer and framing Timers

o AES-128-bit crypto engine

o Configurable Whitening engine compliant with Bluetooth® LE standard
o Configurable Whitening engine compliant with ANT+ standard
O
O
O
e

O O o o

Configurable CRC engine, up to 32-bit order primitive polynomials
32 bits wide Correlator
AoA/AoD support in hardware (Note 1).

Note 1  Supported in DA14592-02, which also supports Bluetooth 5.3 core features.

I
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A (Timer PD)
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Figure 23. Configurable MAC block diagram
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12.2 Architecture

The CMAC block is an autonomous system that can execute Bluetooth® LE and other protocols, if
there is enough hardware accelerators and Firmware throughput.

A dedicated Cortex-MO+ executes code through the local memory controller that reuses the system
memory RAM for storing code and data. A hardware bit stream controller performs all real time
functions by using hardware accelerators like whitening, CRC, and crypto engines. A Link Layer
Timer schedules protocol operations and radio transactions. The radio transactions are programmed
to the CMAC registers. The hardware executes them automatically in the scheduled moment,
activating the proper accelerators.

Radio Register File and CMAC Sleep Timer Register Files are accessible by both CPUs but typically
only CMAC CPU accesses them.

12.2.1 Dataflow

CMAC can implement the Bluetooth® LE Data Link Layer, providing an HCI interface towards the
system processor Cortex-M33.

The communication of CMAC processor Cortex-MO+ with the system processor Cortex-M33 is
performed through IRQ signals and the common system memory RAM. A mailbox mechanism can
be used to exchange command and data structures between the two CPUs.

12.2.2 Diagnostics

Table 82 shows available CMAC diagnostics signals.

Table 82: CMAC Diagnostic Signals

Diagnostics Signal Description

CMAC_DIAG_0 TX EN Data transmit enable signal

CMAC DIAG_1 RX EN Data receive enable signal

CMAC_DIAG_2 DATA EN TX/RX Data Enable pulse

CMAC_DIAG_3 DATA COMB | TX and RX data bits (combined on the same line)
CMAC_DIAG 4 Reserved -

CMAC _DIAG_5 Reserved -

CMAC_DIAG_6 Reserved -

CMAC_DIAG_7 CORR COMB | Indicates that the correlator is active
CMAC_DIAG_8 CRC RX CRC LFSR is zero to indicate correctly received packet
CMAC _DIAG 9to 15 | Reserved -

Figure 24 shows the functionality of the diagnostic signals.

PHY BUSY J/ | | J IS
TXEN J | I
RX EN [ | Ji
DATA COMB / i / /! |
DATAEN / i / i
CORR COMB I ] I
CRC [ I

Figure 24. CMAC diagnostics timing diagram

Datasheet Revision 3.0 Dec 28, 2023

CFR0011-120-00 122 of 498 © 2023 Renesas Electronics



DA14592 RENESAS

Multi-Core BLE 5.2 SoC with Embedded Flash ~~ Final

13 Memory Controller

13.1 Introduction

The memory controller allows access to the 96 kB RAM pool by the system’s masters; these include
the: SysCPU, MACCPU and the General-Purpose DMA controller. It comprises three AHB ports
(GPDMA, CPU-C and CPU-S) and two Memory ports (MACCPU and Micro Trace Buffer (MTB)).

The memory controller implements an intelligent addressing scheme so that RAM is not fragmented
by various data or code allocations. At the same time, it allows parallel access of multiple data
streams on different RAM cells, transparent to the application software. So, it allows the System CPU
to store/read application variables, while the MAC CPU executes code and at the same time, without
conflict and arbitration that would result in wait states.

Definition of the different segments allocated in memory is fully programmable. In cases where two or
more segments are sharing the same RAM cell, hardware arbitration resolves conflicts by issuing
wait states to the masters having the least priority.

Features
Supports flexible memory allocation per master to avoid fragmentation.
Parallelizes data flows from/to various masters on the system.

Allows for programmable priority scheme per RAM cell.
Generates wait cycles to AHB masters.

Address Resolver MTB Address Bus & Control Signals

CMACAddress Bus & Contrd Signals
ARM M33 Address Bus & Contra Signals

Address
Bus GP  MAC
| MTB M3 pya cpy

ARB | .
CMAC DataBus

ARB | "

M33 Data Bus

Demultiplexer

GPDMA DataBus

Figure 25. Internal architecture of the memory controller
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Where two or more masters need access to the same RAM cell but different addresses (each on its
own segment), then arbitration is used. If wait cycles (for the least prioritized) are not acceptable, a
reconfiguration of the segment boundaries, at the cost of some RAM fragmentation, should be

considered.

All masters support a "Ready" like signal functionality, so they can be stalled for a specific amount of
clock cycles. This makes the arbitration signals for the AHB interfaces (SysCPU, GP DMA, and so
on) HREADY, while the memory interfaces (MTB) also support a respective input (MREADY) and
can proceed in reading/writing the RAM cell if this signal is high.

The CMAC does not support any MREADY functionality and always has the highest priority.

Table 83 shows the basic metrics of each master accessing the memory controller.

Table 83: Memory Controller Masters Access Metrics

Master Frequency Range | Stall Mechanism Access Rate Wait States
Tolerance
Cortex-M33 32 MHz — 64 MHz AHB HREADY Non-burst Should keep that <
accesses for data 4 AHB clocks to
and/or code avoid performance
degradation
CMAC 32 MHz - 64 MHz None Non-burst 0
accesses for data
and/or code
MTB 32 MHz — 64 MHz None Non-burst 0
accesses for data
and/or code
GP DMA 32 MHz — 64 MHz AHB HREADY 8-beat < 6 AHB clocks

Two different arbitration schemes are provided:

1. Static priority of masters. The MEM_PRIO_REG defines three fields, one for each AHB layer.
The priority level of each channel can be defined by programming these fields. Arbitration is
always done in favor of the highest priority master.

2. Round Robing priority of masters. To avoid stalling a master for too long, another register
(MEM_STALL_REG) can be programmed with the maximum amount of clock cycles that a
channel might be stalled. As soon as this number is reached, this channel automatically retrieves
the highest priority.

Programming the MEM_STALL_REG with values other than 0 enables the second scheme.

13.3 Programming

Programmability is required for the range (Start and Stop address) of segments that need to be
defined in the memory depending on the type and size of the application. The following list contains
the least number of segments needed for proper operation of the system.

Table 84: Memory Segments Description

Segment Description Access Start/Stop Address Registers
Name
CMAC stack Controller stack code and Cortex-MO+ (read, CMI_CODE_BASE_REG (Note 1)
temporary variables write) CMI DATA BASE REG
Cortex-M33 (write) CMI END REG
DMA (write)
Datasheet Revision 3.0 Dec 28, 2023
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Segment Description Access Start/Stop Address Registers
Name
Mailbox Implements the structure Cortex-MO+ (read,

which is used for exchanging | write)

commands and data Cortex-M33 (read,

between the 2 CPUs write)
Cortex-M33 Special code segment for Cortex-M33 (read,
Code SysCPU. Hardware Patching | write)

code can be placed here as

well
Cortex-M33 Application data space Cortex-M33 (read,
Data write)

GP DMA (read, write)

System IVT and others 0x00000 0x000800

Note 1  This value should also be programmed in the Cortex-M33 MPU region 1 to ensure the Application
does not corrupt CMAC code/data.
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14 Embedded Flash Controller

14.1 Introduction

The DA14592 comprises an Embedded Flash Controller (FCU) that is responsible for accessing
the Embedded Flash Memory (eFlash) allowing Read, Write and Erase accesses. The FCU resides

in the power domain PD_MEM.

The Embedded Flash (eFlash) memory is a 2 Mb on-chip Flash memory with a minimum endurance
of 10000 program and erase cycles for a single bit and minimum data retention of ten years at 85 °C.

Features
Supports flexible memory allocation per master to avoid fragmentation.
Parallelizes data flows from/to various masters on the system.
Generates wait cycles to AHB masters.

APB fabric R

F N

A
~

4 (PD_MEM)

AHB fabric

< > FCU

A 4

A
FCU clock €——

Figure 26. Embedded flash controller block diagram

14.2 Architecture
As shown in Figure 27, eFlash comprises of:

e One block (main block) of 32768 x 64-bits words, divided in 128 x 2 kB (2048) pages.
e The Info Page (1 page = 2048 bytes), mapped at the end of the main block.
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Figure 27. eFlash organization

The FCU is part of the power domain PD_MEM and has two power supply inputs supplied by VBAT
rail and VDD rail. The minimum supported voltage level in VBAT is 1.8 V and in VDD 0.9 V. For write
and erase mode, eFlash requires minimum VDD of 1.2 V.

14.2.1 Reading from eFlash

To enter the read mode the FLASH_CTRL_REG[PROG_SEL] and
FLASH_CTRL_REG[PROG_MODE] bits must be cleared.

When the digital core (VDD) is running at 0.9 V, the worst case for eFlash access time is Tacc =

65 ns and when running at 1.2 V, the worst access time is Tacc = 23 ns. The reduced operational
frequency of eFlash, in comparison to the M33/MO+ frequency (hclk), results in increased delay on
read accesses (instruction fetching). For example, when eFlash operates at 16 MHz and M33/M0+ at
32 MHz, each read access costs two clock cycles (one wait cycle). The caches on M33 and MO+
reduce the number of read accesses from the CPUs to eFlash (only cache misses result in eFlash
accesses). The number of eFlash wait cycles can be set in the FLASH_CTRL_REG[WAIT_CYCLES]
bit field. Table 85 shows some use cases and the required eFlash wait cycles.

Table 85: Use Cases and eFlash Wait Cycles

hclk VDD eFlash Wait Cycles
64 MHz 1.2V 1
32 MHz 0.9V 2 (Note 1)
32 MHz 1.2V 0
16 MHz 0.9V 1
16 MHz 1.2V 0
<16 MHz 0
Datasheet Revision 3.0 Dec 28, 2023

CFR0011-120-00 127 of 498 © 2023 Renesas Electronics



DA14592 RENESAS

Multi-Core BLE 5.2 SoC with Embedded Flash Final

Note 1  Default conditions on power up.

14.2.1.1 Instruction access buffering

eFlash supports 64-bit word width to reduce the delay caused by the wait cycles, while the
instructions are 32-bit wide. A buffering mechanism (IAB) in the FCU is introduced to result in
reduced delays on each cache-miss (assuming a high probability on sequential instruction reads
from the processors — high code locality). The 32 MSBs or 32 LSBs of each eFlash word (only for
instruction accesses) is stored in a register, depending on the requested address, for the next
processor instruction request. If the next request is the other half of the same 64-bit eFlash word,
then the FCU does not access eFlash but provides the requested word from the register (buffer) at
the next clock cycle. This results in reduced delays on instruction reading for both CPUs and lower
power consumption for the system. The IAB functionality is programmable by software for each of
the processors.

For non-instruction accesses, the FCU accesses eFlash for each read request and selects the
32 MSBs or 32 LSBs of the 64-bit eFlash word based on the requested address. The rest 32 MSBs
or 32 LSBs (second half) are discarded.

14.2.2 Writing to eFlash

To enter the write mode, the FLASH_CTRL_REG[PROG_SEL] bit must be set and
FLASH_CTRL_REG[PROG_MODE] = 0x01.

The 64-bits wide eFlash can be programmed in groups of 32-bits words, either 32 MSBs or 32 LSBs.
When programming the 32 MSBs, the FCU sets the 32 LSBs to OxFFFFFFFF. That does not affect
the eFlash content. When programming the 32 LSBs, the FCU sets the 32 MSBs to OXFFFFFFFF.

Every time a write access is completed, the FCU generates an IRQ signal that can be cleared by
writing to the FLASH_CTRL_REG[IRQ_CLEAR].

A successful data write is only possible when the address written is previously erased.

14.2.3 Erasing the eFlash

To enter the erase mode, the FLASH_CTRL_REG[PROG_SEL] bit must be set and
FLASH_CTRL_REG[PROG_MODE] = 0x02 (Page Erase) or 0x03 (Mass Erase).

Erasing eFlash can be started after writing a dummy data to any address that is part of the desired
page or block to be erased. If page erase is selected in PROG_MODE, the page containing the
address is erased. In case of a mass erase, if the dummy word address belongs to the information
block, both information and main block are mass erased. If the dummy word address belongs to the
main block, only the main block is mass erased.

Every time an erase access is completed, the FCU generates an IRQ signal that can be cleared by
writing to the FLASH_CTRL_REG[IRQ_CLEAR].

14.2.3.1 Suspend erase/resume

The FCU supports automatic suspend on page erase command, when a read access occurs on a
different page than the one it is being erased. This functionality is enabled by
ERASE_SUSPEND_EN bit field of FLASH_CTRL_REG.

The FLASH_PTERASE_SEG_REG holds the minimum erase time segment (register value is in
clock cycles of the FCU clock with reset value 1000 — 1 ms. FCU clock has 1 ps period). When a
page erase command is issued, the FCU initializes the (internal) erase segment counter with

the FLASH_PTERASE_SEG_REG value and the (internal) total erase counter with

the FLASH_PTERASE_REG value.
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Note

The FCU must be allowed at least 1 period (1 us) from the start of the erase
(FLASH_CTRL_REG[PROG_ERS] = 1) until it can be suspended for a read access
(FLASH_CTRL_REG[PROG_ERS] = 1 and FLASH_CTRL_REG[PROG_RMIN] = 1). Before that, all reads do
not suspend the FCU erase.

Two modes of suspend erase/resume are supported. Those can be selected through
ERASE_SUSPEND_MODE bit field of FLASH_CTRL_REG:

e Mode 0: When an erase command is issued, the FCU starts counting down with the erase
segment counter. As soon as a read command is issued on a different page, the FCU suspends
the erase operation. If the erase segment counter reaches the value of 0 before the suspend, the
FLASH_PTERASE_SEG_REG value is subtracted from the total erase counter and the erase
segment counter is reinitialized to the FLASH_PTERASE_SEG_REG value. Then it continues to
count down. If a suspend operation (read command while erasing another page) occurs before
the erase segment counter’s value becomes zero, the current erase time segment (value of
FLASH_PTERASE_SEG_REG) is not subtracted from the total erase counter and the erase
segment counter is not reinitialized with the FLASH_PTERASE_SEG_REG value before the
resume of the erase operation. A page is assumed to be erased if the value of the total erase
counter reaches 0.

o If the FLASH_PTERASE_SEG_REG value is equal to the FLASH_PTERASE_REG value,
the erase process starts over after a read operation is issued.

o Ifthe FLASH_PTERASE_SEG_REG value is 1, the erase process resumes from the exact
point (same total erase counter value) it was suspended.

e Mode 1: The same principles with Mode 0 stand, thus, if a read operation is issued (while erasing
another page), the FCU waits (stalling the read) until the segment erase counter reaches the
value 0 and then it suspends the erase operation.

If the erase is automatically suspended, it is required to be manually resumed by writing 1 to the
ERASE_RESUME register field of FLASH_CTRL_REG.

FLASH CTRL_REG[ERASE_SUSPEND_STAT] is used to check if the erase (is suspended and)
needs to be resumed. Software is responsible to keep track of the suspend erase/resume procedure,
by checking the ERASE_SUSPEND_STAT.

The FLASH_RTERASE_TOT_CNT_REG holds the total erase time that has passed with respect to
the FLASH_PTERASE_REG.

The FLASH_RTERASE_SEG_CNT_REG holds the erase segment time that has passed with
respect to the FLASH_PTERASE_SEG_REG.

All the read accesses in the page that an erase command is running result in AHB error, without
suspending the erase process. When the erase suspend functionality is disabled by the software all
the read accesses during a page erase result in an AHB error.

14.2.4 Standby/Sleep mode

The FCU comprises a state machine that sets eFlash in Sleep or Standby mode. In Sleep mode, the
eFlash block dissipates lower leakage current. When the FCU is powered on, the state machine is in
the SLEEP state and eFlash is in Sleep mode.

The state machine automatically switches from Sleep to Standby mode when an AHB read access is
detected. The read access is delayed for the duration eFlash needs to wake-up. The wake-up time
can be programmed in the FLASH_PTWK_SP_REG and has a default value of 3 (counted in ps).
The FLASH_CTRL_REG[SLEEP_MODE] shows the sleep status of eFlash. If this bit is set, eFlash
block is in Sleep mode, while if it is cleared, it is in Standby mode.

To perform write or erase, eFlash needs to be in Standby mode. To switch eFlash from Standby to
Sleep mode, the FLASH_CTRL_REG[SLEEP_MODE] bit must be set.

The FCU can be safely powered off after the state machine is in the SLEEP state.

Before entering the Sleep mode, FLASH_CTRL_REG[PROG_MODE] bit must be cleared, otherwise
a bus error occurs when a read access tries to wake up the eFlash.
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14.2.5 Special considerations

The value of the FLASH_CTRL_REG should not be changed by the software before any FCU
operation is finished. The software should check that the status FLASH_CTRL_REG bits
PROG_ERS, PROG_WRS, PROG_RMIN, and SLEEP are all 0 before changing the values of the
registers PROG_MODE and PROG_SEL. If the above requirements are not followed, the behavior of
the FCU is unpredictable.

Moreover, the software must access the status registers at least once after changing any of the
values of the programming registers. This is necessary to allow the time for the APB request to
change the registers’ values before an AHB request to reach the FCU occurs. In any other case, an
error response would be generated.

For power saving reasons, it is recommended that the FCU is set to Sleep mode before the Arm
Cortex-M33 enters the Sleep mode (call of WFI()) in case the PDC gates the shutting down of
the PD_MEM power domain due to CMAC activity.
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15 Clock Generation

15.1.1 Clock tree

Final

Figure 28 shows the generation of the system's clocks in detail.
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Figure 28. Clock tree diagram

The diagram shows the possible clock sources and all different divisions and multiplexing paths
towards the generation of each block’s clock. Also, the required registers that must be programmed,
are also labelled on the same diagram. There are some main clock lines which are of interest:
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e Ip clk (black bold line): this is the low power clock used for the sleep modes and can only be the
RCX, RC32/512K(RCLP) or XTAL32K.

e sys_clk (green line): this is the system clock, — used for the AMBA clock (hclk) — which runs the
CPU, memories, and the bus. The source of this clock can be the XTAL32M, the RC32M, the
Doubler, the RCLP, or even an externally supplied digital clock.

e divn_clk (red line): this is a clock which automatically adjusts the division factor on the sys_clk to
always generate 32 MHz. This enables the dynamic activation of the Doubler to provide more
processing power at the CPU, without affecting the operation of blocks designed for 32 MHz.

15.2 Crystal oscillators

The Digital Controlled Xtal Oscillators (DXCO) are designed for low power consumption and high
stability. There are two such crystal oscillators in the system, one at 32 MHz (XTAL32M) and a
second at 32.768 kHz (XTAL32K). The 32.768 kHz oscillator has no trimming capabilities and is used
as the clock of the Extended Sleep mode. The 32 MHz oscillator can be trimmed.

Figure 29 shows the principal schematic of the two oscillators. No external components to the
DA14592 are required other than the crystal itself. If the crystal has a case connection, it is advised
to connect the case to ground.
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Figure 29. Crystal oscillator circuits
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Note

The option to connect an XTAL32kHz crystal oscillator is only available in the FCQFN52 variant of the device.

15.2.1 Frequency control (32 MHZ crystal)

The register XTAL32M_TRIM_REG controls the trimming of the 32 MHz crystal oscillator.
The frequency is trimmed by two on-chip variable capacitor banks. Both capacitor banks are
controlled by the same register.

The capacitance of the variable capacitor banks varies from the minimum to the maximum value in
steps based on the bits selected on XTAL32M_TRIM_REG[XTAL32M_TRIM]. With
XTAL32M_TRIM_REG[XTAL32M_TRIM] = 0x00, the minimum capacitance and thus the maximum
frequency are selected. With XTAL32M_TRIM_REG [XTAL32M_TRIM] = OxFF, the maximum
capacitance and thus the minimum frequency are selected.
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Figure 30. XTAL32MHz oscillator frequency trimming

15.3 RC oscillators
There are three RC oscillators in DA14592:

e One providing 32 MHz (RC32M)

e One providing 32 kHz and 512 kHz (RC32K/512K)

e One providing a frequency of 15 kHz (RCX).

The RC32M is powered by Vsar which is available during Active or Sleep mode. The output clock is

slower than 32 MHz if untrimmed and it is used to clock the CPU and the digital part of the chip
during power-up or wake-up, while the XTAL32M oscillator is settling.

The simple RCLP oscillator (RC32K/512K) operates on Vsar and provides 32 kHz or 512 kHz. The
main usage of the RC32K/512K oscillator is for internal clocking during power-up or start-up. It clocks
the hardware FSM that brings up the power management system of the chip. In the power-up or
start-up sequence, the clock dynamically changes from 32 kHz to 512 kHz to speed up

the sequence.

The enhanced RC oscillator (RCX) provides a stable 15 kHz frequency and operates on Vear that is
available during Active or Sleep mode. The RCX oscillator is the main low power clock (Ip_clk) and
replaces the 32.768 kHz crystal, since it has a precision of < 500 ppm, while its output frequency
needs to be recalibrated over temperature.

15.3.1 Frequency calibration

The output frequency of the 32 kHz crystal oscillator and the three RC-oscillators can be measured
relative to the DivN clock using the on-chip reference counter.

The measurement procedure is as follows:

1. REF_CNT_VAL = N (the higher N, the more accurate and longer the calibration is).

2. CLK_REF_SEL_REG|[REF_CLK_SEL] = 0 (RC32/512K) or
CLK_REF_SEL_REG[REF_CLK_SEL] = 1 (RC32M) or
CLK_REF_SEL_REG[REF_CLK_SEL] = 2 (XTAL32K) or
CLK_REF_SEL_REG[REF_CLK_SEL] = 3 (RCX).

3. Start the calibration: CLK_REF_SEL_REG[REF_CAL_START] = 1.

4. Wait until CLK_REF_SEL_REG[REF_CAL_START] = 0.

5. Read CLK_REF_VAL_REG = M (32-bits value).

6. Frequency = (N/M) * 32 MHz.

If the RCX is used as a sleep clock, the frequency calibration should be implemented on each active
time of a connection interval to guarantee a correct operation.

15.4 Doubler

The low power Doubler multiplies (doubles) the XTAL32M clock to produce a 64 MHz clock with very
high precision.
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Changing the system’s clock into the Doubler output can be done dynamically without affecting the
operation of the device. Its main purpose is to provide more processing power to the CPU for
computational hungry applications.

The doubler is powered by the LDO_XTAL and the output duty cycle is 45% to 55% of the input clock
over temperature.

When doubler is enabled, VDD should be setto 1.2 V.
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16 Quad SPI RAM/Flash Controller

16.1 Introduction

The Quad SPI Controller (QSPIC) provides a low pin count interface to serial QSPI Flash or PSRAM
memory devices. The QSPIC supports the standard Serial Peripheral Interface (SPI) and a high
performance Dual/Quad SPI Interface. The QSPI RAM feature provides a low-cost RAM extension
for infrequently used data.

The QSPIC automatically generates all the control signals for the QSPI bus needed to access data
from the serial quad memory. The controller has a vendor independent register file that provides a
rich set of control fields for supporting a wide range of Flash and RAM devices.

The QSPIC provides memory mapped Execute-In-Place (XIP) as well as transparent memory
mapped RAM access.

Features

m  SPI modes:
o Single: Data transfer through two unidirectional pins
o Dual: Data transfer through two bidirectional pins
O Quad: Data transfer through four bidirectional pins.

m  Auto mode: up to 32 MB memory mapped Read/Write Data access with 3-byte and 4-byte
addressing modes.

Manual mode: Direct register access using the QSPIC register file.

QSPI clock up-to 64 MHz. Clock modes 0 and 3. Master mode only.

Vendor independent Instruction Sequencer.

In Auto mode the Flash control signals are fully programmable.

Use of a special read instruction in the case of a specific (programmable) wrapping burst access.
Erase suspend/resume to Support for Code and Data storage.
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Figure 31. Quad SPI RAM/Flash controller
16.2 Architecture
16.2.1 Interface
QSPI_SCK: output serial clock
® QSPI_CS: Active Low output Chip select
QSPI_100:
o DO (output) in Single SPI mode
o 100 (bidirectional) in Dual/Quad SPI mode
e QSPI_I01:
o DI (input) in Standard SPI mode
o 101 (bidirectional) in Dual/Quad SPI mode
e QSPI_102:
o General purpose (output) (for example, WPn Write Protect) in Standard SPI mode
o 102 (bidirectional) in Quad SPI mode
e QSPI _103:
o General purpose (output) (for example, HOLDn) in Single SPI mode
o 103 (bidirectional) at Quad SPI mode.
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16.2.2 SPImodes
The Quad SPI Controller (QSPIC) supports the following SPI standards:

e Single: Data transfer through two unidirectional pins. The QSPIC supports communication to any
single/dual or Quad SPI Flash memory. In contradiction to the Standard SPI interface,
the supported Single SPI interface does not support the bus modes 1 and 2, does not support
full-duplex communications and does not support any SPI slave mode.

e Dual: Data transfer through two bidirectional pins.
Quad: Data transfer through four bidirectional pins.

16.2.3 Access modes
You can access a serial memory (Flash or RAM) connected to the QSPIC in one of the modes:

e Auto mode
e Manual mode.

These modes are mutually exclusive. The serial memory can be controlled only in one of the two
modes. The registers that control the mode of operation can be used at any time.

In Auto mode, 3-byte and 4-byte addressing modes are supported. With QSPIC_USE_32BA =0, up
to 16 MB serial memory (3-byte addressing) can be accessed. If QSPIC_USE_32BA = 1, the 4-byte
addressing is enabled for accessing up to 32 MB serial memory.

Auto mode Flash access

In auto mode (QSPIC_AUTO_MD = 1), the read access to a serial Flash memory is performed in a
fully transparent way through the SPI bus. A read access to the memory space, where the external
memory is mapped, is translated by the controller to the respective SPI bus command sequence,
which is needed for retrieving of the requested data from the serial Flash memory.

When the auto mode is disabled (QSPIC_AUTO_MD = 0), any access (read or write) to the mapped
memory space is ignored by the controller.

Only read accesses are supported when the connected external device is a Flash memory
(QSPIC_SRAM_EN = 0). A write access causes a hard fault at the CPU.

The read access can be single access or incremental burst or wrapping burst access. The wrapping
burst is supported even when the controlled serial Flash does not support any special instruction for
wrapping burst. A special read instruction can be used in the case of a specific (programmable)
wrapping burst access. When a serial Flash supports a special instruction for wrapping burst access,
this feature saves access time (less wait states). For maximizing the utilization of the bus and
minimizing the number of wait states, it is recommended to use burst accesses. However, non-
sequential random accesses are still supported at cost of more wait states.

Auto mode RAM access
If connected to a serial RAM device, QSPIC can provide both read and write functionality.

The configuration register must be programmed to enable the RAM functionality (QSPIC_SRAM_EN
=1). As in the case where the external device is a Flash, the auto mode must also be enabled
(QSPIC_AUTO_MD = 1). In the case where the auto mode is disabled (QSPIC_AUTO_MD = 0), any
access (read or write) in the memory space, where the external device has been mapped, is ignored
by the QSPI controller.

The read access in the memory space of the external serial RAM memory, is done in a fully
transparent way through the QSPI bus. The capability of the controller to handle the various types of
read accesses, is the same as in the case of the Flash device. Single access, incremental burst or
wrapping burst are all supported.

A write access to the memory space where the external memory is mapped, does not cause a hard
fault to the CPU. On the contrary, a write access is interpreted by the QSPIC in the respective QSPI
bus protocol and write data is stored in the external RAM device.
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The controller is capable of handling write accesses of all kinds of burst: single access, incremental
burst, or wrapping burst access. The throughput that can be achieved varies depending on the burst
length, the word width, the protocol of the external memory device, and the frequency of the QSPI
clock.

Burst access ensures the highest throughput. The non-sequential random accesses are supported at
cost of more wait states. The maximum throughput that can be achieved depends on the burst
length.

Manual mode

In manual mode, the external serial memory is controlled by a register file. All instructions that are
supported by the serial memory can be programmed by using the register file. Moreover, the mode of
interface (SPI, Dual SPI, Quad SPI) and the mode of operation (Auto or Manual mode) can be
configured via this register file. The register file supports the following data sizes for reading and
writing accesses: 8-bits, 16-bits, and 32 bits.

16.2.4 Endianness

The QSPI controller operates in little-endian mode. For 32-bit or 16-bit access (for read and write
operations) to a serial memory, the least-significant byte comes first. For 32-bit access, the byte
ordering is: data [7:0], data [15:8], data [23:16], data [31:24] and for 16-bit access the byte ordering
is: data [7:0], data [15:8].

16.2.5 Erase suspend/resume

A QSPI Flash memory can be used for data storage, combining the EEPROM functionality and
Program storage in one single device.

For this purpose, QSPI ERASE/SUSPEND ERASE/RESUME are automatically executed as shown
in Figure 32.

To store data in QSPI Flash memory, the sector designated for storage must be erased first.

The ERASE/SUSPEND ERASE/RESUME process is only meaningful if the external device is a serial
Flash memory (QSPIC_SRAM_EN = 0).

Erase procedure

1. The controller is in Auto mode and the read requests are served. The Erase procedure is initiated
by setting QSPIC_ERASE_EN to 1. The address of the sector, which is erased, is defined by
QSPIC_ERS_ADDR. When an Erase procedure is requested, the controller jumps to state 2.

2. The read requests are still served. As soon as the read requests stop (also possible due to late
bus master change, for example, DMA) and there is no new read request for a number of AHB
clock cycles equal to QSPIC_ERSRES HLD, the QSPIC_WEN_INST and the
QSPIC_ERS_INST instructions are automatically sent to QSPI Flash. The
QSPIC_RESSUS_DLY counter is started. After this, the controller jumps to state 3.

3. The erasing is in progress in the QSPI Flash memory. The QSPI controller waits for one of the
following:

o A status check request. This request can be forced by writing QSPIC_CHCKERASE_REG.
This makes the QSPIC controller read the Flash memory status and checks the end of
erasing. Reading the status is delayed by QSPIC_RESSTS DLY cycles, or by
QSPIC_RESSUS DLY cycles. The QSPIC_RESSTS_DLY delay is based on the SPI bus
clock, while the QSPIC_RESSUS_DLY delay is based on a 222 kHz clock. The selection
between the two delays is configured with the help of the QSPIC_STSDLY_SEL bit. After
erasing, the QSPI controller returns to the normal operation (state 1) and sets
QSPIC_ERASE_EN = 0, otherwise it remains in state 3.

o Aread data request on the AHB bus. The QSPI controller reads the status of the Flash
memory and checks the end of erasing. Status reading is delayed again by
QSPIC_RESSTS _DLY cycles, or QSPIC_RESSUS _DLY cycles. The QSPIC_STSDLY_SEL
bit does the selection between two delays. At the end of erasing, the controller returns to
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normal operation (state 1) and sets QSPIC_ERASE_EN to 0. The read request is served in
state 1. If erasing has not ended, the controller proceeds to state 4.

4. The QSPIC_SUS_INST is sent as soon as the QSPIC_RESSUS _DLY counter is 0. The
controller enters state 5.

5. The controller reads the status register until the Flash device is ready (erasing is suspended).
When the Flash device is ready, the controller enters state 6.

6. Erasing process in Flash is suspended and the controller can read the Flash. The requested data
is retrieved from the Flash device. If reading on the AHB stops (for example, Cache hit) and there
is no new read request for a number of AHB clock cycles equal to QSPIC_ERSRES_HLD, the
controller enters state 7.

7. The QSPIC_RES_INST instruction is applied and state 3 is entered. Also, the
QSPIC_RESSUS_DLY counter is started. The QSPIC_RES _INST makes sure the erase
procedure is continued (erase resume) in the flash device.

ERS_STATE = No erase

QSPIC_ERASE_EN=1
ERS_STATE = Pending
ERS_STATE = Erase Resume Request ‘ Erase Request

Sart QSPIC_RESSUS_DLY counter \\ Read

// request
(Read check er§se) & BUSY_VAL=0
Read & ERRSRES_HLD cycles SetQSPIC_KRASE_EN=0
request /

sendQSPI_} RES INST

/Read & ERRSRES_HLD cycles

send QSPIC_WEN_INST and QSPIC_ERS_INST
stat QSPIC_RESSUS DLY munter

ERS_STATE = Erase

Suspended
ERS_STATE = Erasing
BUSY AL=0
Read & BUSY_VAL=1
BUSY_VAL=1 4
\ send QSPI_SUS INST
ERS_STATE = Erase Suspend
Request

Wiait for OSPIC RESSUS DLY=0

Figure 32. Erase suspend/resume in auto mode

NOTE

QSPI_RESSTS_DLY is counted with the QSPI_CLK, so before changing the QSPI_CLK, make sure that
QSPI_RESSTS_DLY is set large enough to meet the timing parameter requirements

QSPI Flash programming procedure

Sectors are programmed in manual mode by polling the status bit in QSPI Flash. During
programming, the CPU MUST execute code from shared or non-shared RAM. Also, interrupts must
be disabled while executing the write command to the Flash.

Byte programming is relatively short, so a polling loop could be acceptable to meet system latency
requirements.

16.2.6 Low power considerations

To reduce the power dissipation in QSPI Flash, the QSPI_CLK must always be the highest possible
system clock to keep the burst access to Flash as short as possible. The CPU must run as slow as
possible for minimum power.

For lowest power with slow CPU (for example, 2 MHz) and high QSPI_CLK (for example, 32 MHz) bit
QSPIC_CTRLMODE_REG[QSPIC_FORCENSEQ_EN] must be set to 1. This enables split burst
mode, reducing the power dissipation during active burst only, while disabling the Flash when the
burst is done compared to high efficiency burst. These two modes are explained in Figure 33 and
Figure 34.
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Figure 33. QSPI split burst timing for low power (QSPI_FORENSEQ _EN =1)
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Figure 34. QSPI burst timing for high performance (QSPI_FORENSEQ_EN = 0)

If QSPI_FORCENSE_EN = 0, the QSPIC reads data in a burst address1/extra/dummy/datal, data2,
dataN, keeping the QSPI_CS low during the complete burst. If set to 1, the burst is split into
non-sequential accesses addressl/extra/dummy/datal, address2/extra/dummy/data2, and so on
making the QSPI_CS high between the accesses.

16.3 Programming

16.3.1 Auto mode
Chip selection

In auto mode, QSPI executes from address 0. See Arm chapter remap function.
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Notice that certain PSRAM RAM (for example, APmemory APS3204J) connected to the QSPI
interface have a minimum time tcem that the #CE may stay low. Software must make sure that the
QSPI CLK is not going too slow during a burst, otherwise RAM data might get lost.

Read burst in auto mode

In the case of a read from the external device, in Auto mode, the QSPI controller generates a
sequence of control signals. This is analyzed in the following phases: instruction phase, address
phase, extra byte phase, dummy clocks phase, and read data phase. These phases can be
programmed through the QSPIC_BURSTCMDA_REG and QSPIC_BURSTCMDB_REG registers.

The QSPIC_INST bits are used to set the selected instruction for the cases of incremental burst or
single read access. If the QSPIC_WRAP_MD bit is equal to 1, the QSPIC_INST_WB bits can be
used to set the used instruction for a wrapping burst read access. The length and size is described
by the QSPIC_WRAP_LEN and QSPIC_WRAP_SIZE bits respectively. In all other cases,
QSPIC_INST is the selected instruction.

If instruction is to be transmitted only during the first access after the selection of Auto mode,
QSPIC_INST_MD must be equal to 1.

To enable the extra byte phase, set 1 to the QSPIC_EXT_BYTE_EN register. The transmitted byte
during the extra byte phase is specified from the QSPIC_EXT_BYTE register. To disable (hi-z) the
output pads during the transmission of bits [3:0] of extra byte, write 1 to the QSPIC_EXT_HF DS
register.

The number of dummy bytes during the dummy clocks phase is specified at QSPIC_DMY_NUM.
The SPI BUS mode during each phase can be configured as follows:

QSPIC_INST_TX_MD for the instruction phase

QSPIC_ADR_TX_MD for the address phase

QSPIC_EXT_TX_MD for the extra byte phase

QSPIC_DMY_TX_MD for the dummy byte phase

e QSPIC_DAT_RX_MD for the read data phase.

If the Quad SPI mode is selected in any of the above phases, write 0 to QSPIC_I03_OEN and
QSPIC_I02_OEN.

If the serial Flash bemory must be prepared for reading with the use of any instruction except the
read instruction, then the Manual mode must be used for the programming of the above instructions.

The final step to enable the use of Auto mode of operation is to set QSPIC_AUTO_MD equal to 1.
Write bursts in auto mode

In the case where the connected memory is a serial PSRAM, the controller can serve requests for
write accesses. This is implemented, as in the case of the read burst, when the Auto mode of
operation is active (QSPIC_AUTO_MD = 1). Additionally, the external device must be declared to
the QSPI controller as a serial RAM (QSPIC_SRAM_EN =1).

Under these conditions the QSPI controller generates a sequence of control signals in SPI BUS, for
each request for write burst access towards the external device. This sequence of control signals is
analyzed in the following phases: instruction phase, address phase, extra byte phase, and write data
phase. These phases can be programmed through the QSPIC_AWRITECMD_REG register.

The QSPIC_WR_INST bits are used to define the write instruction. This instruction is used for all the
cases of bursts: single access, incremental burst, or wrapping burst. The controller handles them
accordingly to implement all the lengths of the bursts.

The SPI BUS mode during each phase can be set by the register bits:

e QSPIC_WR_INST_TX_ MD for the instruction phase.
e QSPIC_WR_ADR_TX_MD for the address phase.
e QSPIC_WR_DAT_TX_ MD for the read data phase.
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If the serial RAM has to be configured with a special command sequence prior to the write
instruction, manual mode must be used.

16.3.2 Manual mode

To enable Manual mode, QSPIC_AUTO_MD must be equal to zero. Manual operation of the bus
signal is done through QSPIC_CTRLBUS_REG:

e Start/End of an access can be controlled using the QSPIC_EN_CS and QSPIC_DIS_CS bits
respectively.

e SPI mode configured with the QSPIC_SET_SINGLE, QSPIC_SET_DUAL, and
QSPIC_SET_QUAD bits.

Writing to the QSPIC_WRITEDATA register generates a data transfer from the QSPIC to the SPI
bus. A read access at QSPIC_READDATA register generates a data transfer from the SPI bus.
Writing to QSPIC_DUMMYDATA register generates a number of clock pulses to the SPI bus. During
this activity in the SPI bus, the QSPI_IO data pads are in hi-z state.

When access to the SPI bus through QSPIC_WRITEDATA, QSPIC_READDATA, and
QSPIC_DUMMYDATA is very slow, the delay on the internal AHB bus is very high. In this case, set
the QSPIC_HRDY_MD register equal to 1. With this, the hready signal of the SB slave interface is
always equal to 1, when accessing the WriteData, ReadData, and DummyData registers. All masters
can access the AHB bus without waiting for transmission completion on SPI Bus. A read of

the QSPIC_BUSY register must be done to check the end of the activity at the SPI bus, before any
more accesses are triggered. In this case, the QSPIC_RECVDATA register contains the received
data at the end of a read access.

16.3.3 Clock selection

The SPI clock mode is set with the QSPIC_CLK_MD bit. The supported modes for the generated SPI
clock are:

e 0= Mode 0. The QSPI_SCK is low, when the bus is idle (QSPI_CS is high).
e 1= Mode 3. The QSPI_SCK is high, when the bus is idle (QSPI_CS is high).

The QSPI_CLK frequency has a programmable divider CLK_AMBA_REG[QSPIC_DIV] which divides
the system clock by 1, 2, 4, 8.

16.3.4 Received data

The standard method to sample the received data is by using the positive edge of the QSPI_SCK.
However, when the output delay of the serial Flash is high, timing issues at the read path are very
likely. For this reason, the QSPIC can be programmed to sample the received data with the negative
edge of the QSPI_SCK. This is specified with the QSPIC_RXD_NEG register.

Furthermore, the receive data can be pipelined by setting QSPI_RPIPE_EN = 1 and the sample
clock can be delayed using QSPI_PCLK_MD. See the timing chapter for detailed QSPI Timing
information.

16.3.5 Delay line configuration

When VDD = 0.9 V (POWER_LEVEL_REG[VDD_LEVEL_ACTIVE] = 0x0) and QSPI_CLK =

32 MHz, the QSPIC_CTRLMODE_REG[QSPIC_PCLK_MD] bit field should be equal to 2. On the
contrary, if VDD = 1.2 V, then the QSPIC_CTRLMODE_REG[QSPIC_PCLK_MD] bit field should be
equal to 7.
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17 DMA Controller

17.1 Introduction

The DMA controller has six Direct Memory Access (DMA) channels for fast data transfers to and
from SPI, UART/2, I12C, SRC, PCM, GP_ADC, SD_ADC, QSPI Flash and eFlash to and from any on-
chip RAM. The DMA controller off-loads the Arm interrupt rate, if an interrupt is generated after a
programmable amount of transfers. A number of peripheral requests are multiplexed on the six
available channels, to increase utilization of the DMA. Figure 29 shows the block diagram of the DMA
controller.

Features

Six channels with optional peripheral trigger.
Full 32-bit source and destination pointers.
Flexible interrupt generation.

Programmable transfer length.

Flexible peripheral request per channel.

Option to initialize memory.

Programmable Edge-Sensitive request support.

Programmable support of AHB burst reads/writes, supporting both Memory-to-Memory and
Memory-to-Peripheral transfers.

O Burst lengths supported are 8-beat (INCR8) and 4-beat (INCR4).

m  Programmable bus error detection support and IRQ generation upon detection.
FREEZE support also in on-going Memory-to-Memory transfers.
Support of "secure transfer" mode by a dedicated, conditionally secure DMA channel (DMAD5).
< AHB-DMA >
——SPIRX/TX req—
T RCRXTXreq-1 % DMA Channel 0_| {**SP'RX’TX ack—>
e 4 2
sRC req DMA Channel 1 [ = [20mmes>
(a)
——SPIRX/TX req-{ }775% ac ’
—2C R?(I.T.Xrecr) % DMA Channel 2 | é ——SPIRX/TX ack—»>
SR e 13 S DMA Channel 3 [ = [2emmes™>
( Q L1 srcack—>»
——SPIRXI/TX req1| )
——12C RX/TXreq[ | g DMA Channel 4 | S [ SPIRXTX ack—p»
. > 2
RC req /r DMA Channel 5 [ = [ *e™mas>
| o ——SRC ack—>»
DMAOL_REQ_MUX
DMA23 REQ_MUX
DMA45_REQ_MUX
DMA IRQ lines
Block IRQ lines E &»
>,
APB32
| Control
Figure 35. DMA controller block diagram
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17.2 Architecture

17.2.1 DMA peripherals

By default, DMA assumes memory-to-memory transactions. Each DMA channel can also be
connected with the hand-shaking signals or other request signals of the corresponding peripherals as
shown in Table 86.

Table 86: DMA Served Peripherals

Block Direction(s) Supported Access Rate
SPI RX and TX Single
QSPI Flash Read Burst
eFlash Read and Write Burst (Read) — Single (Read/Write)
UART RX and TX Single/Burst
UART2 RX and TX Single/Burst
12C RX and TX Single/Burst
RAM Read and Write Burst
GPADC Read Single
SDADC Read Single
SRC1 Left and Right Single/Burst (Left or Right)
SRC2 Left and Right Single/Burst (Left or Right)
PCM Left and Right Single

17.2.2 Input/output multiplexer

The multiplexing of peripheral requests is controlled by DMA_REQ_ MUX_REG. So, if
DMA_REQ_MUX_REG[DMAxy_SEL] is set to a certain (non-reserved) value, the TX/RX request
from the corresponding peripheral is routed to DMA channels x (TX request) and y (RX request)
respectively. Similarly, an acknowledging de-multiplexing mechanism is applied.

However, when two or more bit-fields (peripheral selectors) of DMA_REQ_MUX_REG have the
same value, the lesser significant selector is given priority (see also the register's description).

17.2.3 DMA channel operation

A DMA channel is switched on with bit DMA_ON. This bit is automatically reset if the DMA channel's
transfer is finished. The DMA channels can either be triggered by software or by a peripheral DMA
request. If DREQ_MODE is 0, a DMA channel is immediately triggered.

If DREQ_MODE is 1, a DMA channel can be triggered by a hardware request coming from a
selected peripheral. All DMA channels support either level (default) or edge-sensitive requests via
the bit-field REQ_SENSE of DMAX_CTRL_REG (x =0, 1, 2, 3). If this bit-field is set (recommended
for Memory-to-UART/UART2 and Memory-to-12C transfers), the channel detects a positive edge on
the request signal of the selected peripheral to start up a new transfer cycle. The edge-sensitive
requests can be used globally, if desired, for all the peripherals interfacing with the DMA.

When DMA starts, data is transferred from address DMAx_A_START_REG to address
DMAx_B_START_REG for a length of DMAXx_LEN_REG, which can be eight, 16, or 32 bits wide.
The address increment is realized with an internal 16-bit counter DMAx_IDX_REG, which is set to O
when the DMA transfer starts and is compared with the DMAx_LEN_REG after each transfer. The
register value is multiplied by the values of the automatic increment of source address (AINC), the
automatic increment of destination address (BINC), and bus transfer width (BW) before it is added to
DMAXx_A START_REG and DMAx_B_START_REG. AINC or BINC must be 0 for register access.
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If at the end of a DMA cycle, the DMA start condition is still true, the DMA continues. The DMA stops
if DREQ_MODE is low or if DMAX_LEN_REG is equal to the internal index register. This condition
also clears the DMA_ON bit if DREQ_MODE is 0 or if DREQ_MODE is set to 1 and CIRCULAR bit is
not set.

If a hand shaking is attached to the specific DMA channel at the end of a DMA cycle, the channel is
blocked for as long as the peripheral is not ready for the next transaction.

If the bit CIRCULAR is set to 1, the DMA controller automatically resets the internal index registers
and continues from its starting address without intervention of the Arm Cortex-M0O+. If the DMA
controller is started with DREQ_MODE = 0, the DMA always stops, regardless of the state of
CIRCULAR.

31 0
| DMAX_A_START_REG |~

+
AINCX }J ADI[31-0]

DMAX_IDX_REG | —

+1 BINCx

[

31 0 + > IRQ_ENABLE

DMAx_B_START_REG |

 J

15 0

DMAX_INT_ REG  [———¢——¢——»

DMA_IRQ_CHx

STOP/
RELOAD

\ J

15 0 =

DMAX LEN_REG | ¢ ——#
L
15 0

DMAX_CTRL_REG | ® > Bus request
4—— Acknowledge

DMA_Request DMA_INT
DACK

Figure 36. DMA channel diagram

Each DMA channel can generate an interrupt if the index counter DMAx_IDX_REG reaches the
value of the channel's interrupt transfer length register, DMAX_INT_REG. After the transfer and
before DMAX_IDX_REG is incremented, the interrupt is generated.

For example, if DMA_x_INT_REG =0 and DMA_x_LEN_REG = 0, there is one transfer and an
interrupt.
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17.2.4 DMA arbitration

The priority level of a DMA channel can be set with bits DMA_PRIO[2:0]. These bits determine which
DMA channel is activated in case more than one DMA channel requests DMA. If two or more
channels have the same priority, an inherent priority applies, (see register description).

With DREQ_MODE = 0, a DMA channel can be interrupted by a channel with a higher priority if the
DMA_IDLE bit is set.

When DMA_INIT is set, however, the DMA channel currently performing the transfer locks the bus
and cannot be interrupted by any other channel, until the transfer is completed, regardless if
DMA_IDLE is set. The purpose of DMA_INIT is to initialize a specific memory block with a certain
value, fetched also from memory, without any interruption from other active DMA channels that may
request the bus at the same time. Consequently, it should be used only for memory initialization,
while when the DMA transfers data to/ from peripherals, it should be set to 0. Note that AINC must be
set to 0 and BINC to 1, when DMA_INIT is enabled.

It should be noted that memory initialization could also be performed without having the DMA_INIT
enabled and by simply setting AINC to 0 and BINC to 1, provided that the source address memory
value is not changed during the transfer. However, it is not guaranteed that the DMA transfer is not
interrupted by other channels of higher priority when these request access to the bus at the same
time.

17.2.5 Freezing DMA channels

Each channel of the DMA controller can be temporarily disabled by writing a 1 to freeze all channels
at SET_FREEZE_REG[FRZ_DMA].

To enable the channels again, a 1 to bits at the RESET_FREEZE_REG must be written.

It is noted that the on-going Memory-to-Memory transfers (DREQ_MODE = 0) can also be
interrupted (freeze).

17.2.6 Secure DMA channel

If the security configuration option (PROT_APP_KEY) is enabled in the configuration script, then
DMA channel #5 becomes a secure channel. This channel is then only used to move keys from the
Symmetric Key Area to the AES block for encryption/decryption without the CPU being able to
intervene.

17.3 Programming

To configure the DMA Controller, do the following procedures.

17.3.1 Memory to memory transfer

Set the length of data to be transferred (DMAx_LEN_REG).

Set the source address (DMAX_A_START_REG).

Set the destination address (DMAx_B_START_REG).

Configure the number of transfers until an interrupt is generated (DMAX_INT_REG).
Enable the IRQ of the used DMA channel if needed (DMA_INT_MASK_REG).
Configure transfer options:

a. DMAx_CTRL_REG[AINC]: Automatic increment of source address.

b. DMAx_CTRL_REG|BINC]: Automatic increment of destination address.

c. DMAx_CTRL_REG[BW]: Bus transfer width.

d. DMAx_CTRL_REG[BURST_MODE]: Enable DMA read/write bursts, if needed.
7. Start the DMA transfer by setting the DMAXx_CTRL_REG[DMA_ON] bit.

8. Wait until transfer is finished (DMAx_CTRL_REG[DMA_ON] = 0) or the corresponding interrupt.
9. Clear the IRQ if it was enabled (DMA_INT_STATUS_REG).

S o
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17.3.2 Peripheral to memory transfer

1. Setthe length of data to be transferred (DMAX_LEN_REG).

2. Setthe source address (DMAXx_A_START_REG) equal to the peripheral RX register (for
example, 12C_DATA_CMD_REG).

Set the destination address (DMAx_B_START_REG).

Configure the number of transfers until an interrupt is generated (DMAX_INT_REG).
Map the peripheral to the selected channels pair (DMA_REQ_MUX_REG[DMAxy_SEL]).
Configure transfer options:

DMAXx_CTRL_REG[AINC]: Disable automatic increment of source address.
DMAXx_CTRL_REG[BINC]: Automatic increment of destination address.
DMAXx_CTRL_REG[BW]: Bus transfer width.

DMAx_CTRL_REG[DREQ_MODE]: Enable triggering by peripheral DMA request.
DMAx_CTRL_REG[DMA_PRIOQ]: Set channel priority.

DMAx_CTRL_REG[BURST_MODE]: Enable DMA read/write bursts, if needed.
Note that SPI does not support burst transfers.

7. Enable the IRQ of the used DMA channel (DMA_INT_MASK_REG).
8. Start the DMA transfer by setting the DMAx_CTRL_REG[DMA_ON] bit.
9. Enable peripheral’s DMA request (for example, 12C_DMA_CR_REG[TDMAE])).

o gk w

N
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18 Crypto Engine

18.1 Introduction

The Crypto engine aims to accelerate the algorithm calculations that are needed to implement the
RFCA4835. It implements AES in ECB, CBC, and CTR modes. It also comprises HASH functions
(SHA224/256). It supports AES128, AES192, AES 256 as well as HMAC-SHA-256 authentication
protocol.

The AES/HASH engine uses a DMA engine for transferring encrypted/decrypted data to a shared
memory in the AHB bus. The control registers of the IP are connected to the AHB bus.

The AES/HASH engine gives more flexibility to the way input data can be provided to the module. A
calculation can be applied on fragmented input data but not on data residing at a specific memory
space, by means of successive register programming in the internal DMA engine.

Features

AES (Advanced Encryption Standard) with 128, 192, or 256 bits key cryptographic algorithm.
HASH functions: SHA224/256 bits.

Modes of operation:

o ECB (Electronic Code Book)

o CBC (Cipher Block Chaining)

o CTR (Counter)

AHB Master DMA machine for data manipulation.

AHB Slave register file for configuration.

AES/HASH Engine

TxFIFO
AHB Master AES

<—,

DMA

RxFIFO

Operation
Modes Key Expansion

Command
Control &
Status
Registers SHA-2

AHB Slave

AHB Interface

Figure 37. AES/HASH architecture

18.2 Architecture

The AES/HASH includes a DMA engine (AHB Master Interface) for transferring data between the IP
and a shared memory. The control registers of the AES/HASH are connected to AHB interface (AHB
Slave interface).

The "Modes" controls the AES by implementing the respective mode that the selected encryption
algorithms operate each time. Also, "Modes" communicates with DMA through two FIFO’s (RxFIFO
and TxFIFO) that isolate the operation of the AES/HASH IP from the current status of the AHB-
AMBA bus and also enable parallel transmission of data in bursts. By using burst transmission,

the bus is utilized better because the bus access requests are reduced.

The "Ctrl FSM" block checks the FIFO’s and DMA status continuously and decides for: the amount of
data traffic, plus which of the FIFO’s are used. It also decides the "switching off" of the AES/HASH
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after transferring all results to the memory. The "HASH" block contains all the logic required for the
realization of the hash algorithms calculations, as well as circuitry for the padding of data. It also
contains glue logic for the transfer of the results to the "Modes" block.

18.2.1 AES

This part of the architecture implements the AES algorithm described in the AES-FIPS PUB 197.
The capability it offers is the encryption and decryption of 128 bits data blocks by using 128-, 192-, or
256-bits encryption key.

18.2.2 Operation modes
The "Modes" block uses the AES to implement the following modes of operations:

e ECB (Electronic Code Book)
e CBC (Cipher Block Chaining
e CTR (Counter).

Padding requirements of the algorithms, to convert all data to multiples of 16 bytes (for AES), must
be addressed by software.

By applying successive programming of AES-CBC encryptions using software, the realization of the
HMAC-XCBC-AES-96 algorithm is possible.

The implementation of the AES-CCM is feasible, just like the implementation of AES-CTR algorithms
for encryption, and AES-CBC for authentication.

18.2.3 HASH

Padding at the input data is automatically applied as required by the hash algorithms. The purpose is
to ensure that the message is a multiple of 512. Padding is done as follows. After the last data byte,
one extra byte of value 0x80 is added. Next, a number of bytes (0x00) is added, so that the overall
size of the data block (including the extra bytes) mod 512 is 448. Following that, a 64 bits big-endian
number is attached, which represents the size of the data block, in bits (without the padding). While
in this process, TX/RX FIFOs are switched into 8-bytes mode.

The block packetizes the algorithm result (up to 224 or 256 bits) into blocks of 64 bits, so that they
can be shifted to the TX FIFO. The SHA-224/256: FIPS PUB180-4 hash algorithms is supported.

18.3 Programming

18.3.1 AES engine programming
To program the AES Engine:

1. Enable the clock by setting the CLK_AMBA_REG[AES_CLK_ENABLE] bit.
2. Select the AES mode (CRYPTO_CTRL_REG[CRYPTO_HASH_SEL] = 0).

3. Define the mode of operation of the AES algorithm (CRYPTO_CTRL_REG[CRYPTO_ALG_MD]).
For the CBC/CTR mode of operation the corresponding IV/CTR block should be defined in the
CRYPTO_MREGx_REG registers.

4. Select the AES algorithm (CRYPTO_CTRL_REG[CRYPTO_ALG]).
Select the size of AES Key (CRYPTO_CTRL_REG[CRYPTO_AES_KEY_SZ]).

6. Use AES keys expansion if needed (CRYPTO_CTRL_REG[CRYPTO_AES_KEXP])). If the key
expansion is enabled, define the (basic) key in the local CRYPTO_KEYS_START memory.

7. Set up data fetching address (CRYPTO_FETCH_ADDR_REG).

8. Set up data destination address (CRYPTO_DEST_ADDR_REG).

9. Setdata length (CRYPTO_LEN_REG).

10. Select to Encrypt or Decrypt (CRYPTO_CTRL_REG[CRYPTO_ENCDEC]).

11. Enable the process by setting the CRYPTO_START_REG[CRYPTO_START] bit.

o
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12. Wait for the process to finish (CRYPTO_STATUS_REG[CRYPTO_INACTIVE] = 1).

18.3.2 HASH engine programming
To program the HASH Engine:

1. Enable the clock by setting the CLK_AMBA_REG[AES_CLK_ENABLE] bit.
2. Select the HASH mode (CRYPTO_CTRL_REG[CRYPTO_HASH_SEL] =1).

3. Set the number of bytes which are saved at the memory by the DMA
(CRYPTO_CTRL_REG[CRYPTO_HASH_OUT_LEN], see register description).

4. Define the mode of operation of the HASH algorithm
(CRYPTO_CTRL_REG[CRYPTO_ALG_MD], see register description).

Select the HASH algorithm (CRYPTO_CTRL_REG[CRYPTO_ALG], see register description).
Set up data fetching address (CRYPTO_FETCH_ADDR_REG).

Set up data destination address (CRYPTO_DEST_ADDR_REG).

Set data length (CRYPTO_LEN_REG).

Enable the process by setting the CRYPTO_START_REG[CRYPTO_START] bit.

10. Wait for the process to finish (CRYPTO_STATUS REG[CRYPTO_INACTIVE] = 1).

For both cases, an interrupt can be enabled upon the completion of the processing, by setting 1 to
CRYPTO_IRQ_EN (the interrupt should be enabled also in CPU).

The clock of the Crypto Block should be disabled after the completion of each operation, by clearing
the CLK_AMBA REG[AES_CLK_ENABLE] bit, if there is no other operation to be performed.

© N o’
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19 Sleep Wake-Up Controller

19.1 Introduction

The wake-up controller can be programmed to wake up DA14592 from the Extended/Deep Sleep
(clocked) mode. It consists of two parallel circuits that can be programmed individually, one with a
debouncing counter usually used for buttons and another that indicates which GPIO has toggled.

Figure 38 shows the block diagram of the wake-up function.

Features

Monitors any GPIO state change.

Implements debouncing time from 0 up to 63 ms.

Latches the status of the monitored lines.

Generates three interrupts to Arm Cortex-M33.

Generates signals towards PDC indicating which GPIO has toggled.
Wakes up the system from Deep or Extended Sleep.
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KEY_WKUP_GPIO_IRQ
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Figure 38. Wake-up controller block diagram

19.2 Architecture

The wake-up controller can monitor all GPIO lines for an event. A line of XOR gates defines the
polarity of the signal to be monitored. Two parallel structures are implemented explicitly separated in
Figure 38 by a dashed line:

e KEY_WAKEUP: It can be programmed to monitor a number of GPIOs regarding their edge or
level. After a GPIO toggles, a debounce counter can be triggered to debounce the key press
before generating an interrupt. The KEY_WKUP_GPIO_IRQ is generated towards the Cortex-
M33 and the PDC (named as Debounced_lO in the PDC). The debouncing time can be
programmed to be up to 63 ms. If debouncing is selected to be 0, the interrupt is issued on an
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edge detection, but the external signal needs to be at least 2 x RC32/512K clock periods
asserted considering the system being active.

This circuit can wake up the system from Deep or Extended (clocked) Sleep. Since the interrupt
is kept asserted until acknowledged by software, the Cortex-M33 can receive it after its power
domain has been powered up by PDC. Of course, a respective PDC entry needs to be in place
for waking up Cortex-M33.

When the system is active, the circuit can keep on being used as a button press indicator with
debouncing. Note that, if multiple GP1Os have been toggled there is no indication which one has
generated the interrupt.

e GPIO_WAKEUP: This circuit can be programmed to monitor edge (positive or negative) or level
sensitive triggers and latch them into a status register, so the source is known by the application.
The default behavior is level sensitive. This status register is delivered to the PDC in form of a
signal bus for being used as a trigger for the PDC entries. Moreover, an OR of each GPIO port
signal forms a level interrupt towards the Cortex-M33, namely GPIO_PO_IRQ and
GPIO_P1_IRQ.

Since both interrupt lines are kept asserted until acknowledged by software, the M33 can receive
them after its power domain has been powered up by PDC. Of course, a respective PDC entry
needs to be in place for waking up Cortex-M33.

When the system is active, the circuit can keep on being used as an interrupt generator towards
Cortex-M33 storing the GPIO state that has caused the interrupt in the first place.

Figure 39 and Figure 40 show the IRQ generation based on the configuration of
the WKUP_SEL_GPIO_PY_REG and WKUP_SEL1_GPIO_PY_REG bhits.

GPIO @ \_@7

wkup_pol_pY_reg /

wkup_sel_gpio_pY_reg / \ d H )

whkup_sell_gpio_pY _reg ! & &D_\;
IRQ

Figure 39. Edge sensitive GPIO

GPIO i)

wkup_pol_pY _reg

wkup_sel_gpio_pY _reg / \ !r‘h

wkup_sel1_gpio_pY _reg {
IRQ g‘ E ) Y & E i Y

Figure 40. Level sensitive GPIO

NOTE

The circuits KEY_WAKEUP and GPIO_WAKEUP can wake up the system from any clocked sleep (Deep or
Extended) but not from Hibernation.

19.3 Programming

To program the wake-up controller:

1. Enable the Wake-up controller by setting the CLK_TMR_REG[WAKEUPCT_ENABLE] bit.

2. Set up triggering polarity (WKUP_POL_Px_REG).

3. If debouncing is needed, define debounce time in WKUP_CTRL_REG[WKUP_DEB_VALUE].
4

Register PDC and/or KEY Interrupts:
a. Add PDC Entries (needed when the device goes to sleep).
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b. Clear any latched values of the GPIOs (WKUP_CLEAR_Px_REG).
c. Add wake-up events (WKUP_SELECT_Px_REG).
d. Add GPIO interrupts (WKUP_SELx_GPIO_Py REG).

5. If needed, add the corresponding ISRs and enable the interrupts (KEY_WKUP_GPIO_IRQn,
GPIO_PO_IRQn, GPIO_P1_IRQn, PDC_IRQn).
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20 Wake-Up from Hibernation

20.1 Introduction

The wake-up from hibernation controller wakes up the system when the device enters the (clockless)
hibernation mode. It consists of a very low count of gates directly powered from VBAT and as a result
the device can reach ultra-low hibernation current. To keep the power consumption as low as
possible, only two GPIOs can wake up the system (PO_14, P1_04).

Figure 38 shows the wake-up from hibernation function.
Features
Ultra-low hibernation power.

Designed for shipping mode.
Two wake-up triggers with configurable polarity.

VBAT

(defa VBAT
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V1.8

Non-Filtered
Outputs =>to PPA  Filtered Outputs

LVL_SH

PO_14 >
‘ ‘ | | Enable D clock
RC32KHz
P1_04 A Start
Up
FSM
Control PU/PD
Mask Rggister Wake-Up from Fast_mode
(2 bits) Register Hibernation
Controller

SW enable
RCG32k

Figure 41. Wake-up from hibernation controller block diagram

20.2 Architecture

The wake-up from hibernation controller (Grey box) resides in the Always ON power domain
(PD_AON) and it is powered directly from VBAT. The LVL_SHSs are level shifters (low to high or high
to low). The output enable signal is produced by controlling the asynchronous reset of a flip-flop. This
signal enables the RC32/512K clock. When RC32/512K is enabled, the flip-flop is also clocked and,
as a result, is cleared.

As soon as the RC32/512K is enabled, the system's Start-Up FSM begins to bring up the system.

Only two GPIOs are used as wake-up triggers. Figure 38 shows these GPIOs that comprise Pull
Up/Down resistors that can be controlled by setting the Polarity register
(HIBERN_CTRL_REG[HIBERN_WKUP_POLARITY]). If the polarity is set to active low, the GPIO
has to be externally pulled up.

20.3 Programming
To enter the Hibernation mode:

1. Select which pin to wake up from by configuring HIBERN_CTRL_REG[HIBERN_WKUP_MASK].

2. Select the polarity of the wake-up source by configuring
HIBERN_CTRL_REG[HIBERN_WKUP_POLARITY].

3. Enable the enter to Hibernation mode on sleep functionality by setting the
HIBERN_CTRL_REG[HIBERNATION_ENABLE] bit field.
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21 General Purpose ADC

21.1 Introduction

The DA14592 is equipped with a high-speed ultra-low power 10-bit general purpose Analog-to-Digital
Converter (GPADC). It can operate in unipolar (single ended) mode and bipolar (differential) mode.
The ADC has its own voltage regulator (LDO) of 0.9 V, which represents the full-scale reference
voltage.

Features

m 10-bit dynamic ADC
m  Maximum sampling rate, 1 Msample/s
m 128x averaging; conversion time 1 ms, up to 11.5 b ENOB
m Single-ended as well as differential input with two input scales
m Eight single-ended or four differential external input channels
m Battery monitoring function
m  Chopper function
m Offset and zero scale adjust
m  Common-mode input level adjust
m Selectable attenuators: 1x, 2x, 3x, and 4x
m  DMA support.
GP_ADC_SEL_P
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P1_01—1
P1_02 —2
PO_10—3
Temp Sensor —{ 4
VDDC 5 z Voeoe
VBAT g <
VDD —|7  —1 é
VSSA — 8 120 kOhm %‘ 0.9V [ GP_ADC_EN
VDDIO — 9 DO [ &°-Apcw
P1_05—10 40 kOhm [ GP_ADC_MINT
P1.06—11 N Vref0.9y, o roc_Ra
::i':??: ig 20k0hm GP_ADC_INT —
60 kOhm ADC_DMA_REQ
| ADC
GP_ADC_SEL_N 60 kOhm i ‘ ‘ ‘ "\ ‘ ‘ ‘ ‘
= gEzZzsrey
p1.00—0 20 kOhm I é‘ E‘ S eE §| ;' z\
P1_01—1 20 k0 — 5255 3 <83
P1_02—2 s 068628
PO 10 —3 120 kOhm E 3 o
PLO5—10 | —— g ©
P1_06 —{11 N
P1_09 — 12 ©
P1_11—13
General Purpose ADC

Figure 42. General-purpose ADC block diagram

21.2 Architecture
The ADC architecture shown in Figure 42 has the following sub-blocks:

e Analog to Digital converter (ADC)
o ADC analog part internally clocked with 100 MHz.
o ADC logic part clocked with the ADC_CLK which is the 16 MHz system clock (sys_clk).
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e 0.9V LDO forthe ADC supply with a high PSRR enabled with
GP_ADC_CTRL_REG[GP_ADC_EN].

e Configurable attenuator with 1x, 2x, 3%, and 4% attenuation controlled by
GP_ADC_CTRL2_REG[GP_ADC_ATTN].

e APB Bus interface clocked with the APB clock. Control and status registers are available through
registers GP_ADC _*

e Maskable Interrupt (ADC_IRQ) and DMA request (ADC_DMA_REQ).

e ADC input channel selector. Up to four GPIO ports, the battery and DCDC output (Vear and
Voeoc), the internal Vop, and the analog ground level (AVS) can be measured.

21.2.1 Input channels

Table 87 summarizes the ADC input channels. The GPIO signals at the channels [3:0] and [13:10]
can be monitored both single-ended and differentially. The signals at the 4-9 inputs can be monitored
single-ended or differentially with respect to the GPIOs.

Table 87: ADC Input Channels

Channel Signal Description

3.0 GPIO [P1_00, P1_01, P1_02, PO_10] General Purpose Inputs

4 Temperature Sensor Temperature Sensor

5 Vbebe Vbeoc rail

6 VBaT Vear rail (3.6 V ->0.9)

7 Vop Vop rail for the digital power domain
8 VSS(A) Reserved for test only

9 VDDIO Vooio rail

13:10 GPIO [P1_05, P1_06, P1_09, P1_11] General Purpose Inputs

Table 88 summarizes the voltage ranges which can be handled with the single-ended or differential
operation for different attenuation values. The single-ended/differential mode is controlled by the
GP_ADC_CTRL_REG[GP_ADC_SE] bit, and the attenuation is handled by the
GP_ADC_CTRL2_REG[GP_ADC_ATTN] bit.

Table 88: GPADC External Input Channels and Voltage Range

GP_ADC_ATTN GP_ADC_SE Input Scale Input Limits
0 -09Vto+0.9V -1Vto+1V
0(1x)
1 OVto+0.9V -0.1VtolVv
12% 0 -1.8Vto+1.8V -19Vto+19V
1 OVto+1.8V -0.1Vtol1l9V
23%) 0 27Vto+2.7V -28Vto+2.8V
1 OVto+2.7V -0.1Vto28V
3(4 %) 0 -3.6Vto+3.6V -3.45Vto +3.45V
1 OVto+3.6V -0.1Vt03.45V

21.2.2 Operating modes
Figure 43 shows the GPADC operation flow diagram.
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Figure 43. GPADC operation flow diagram
21221 Enabling the ADC

Enabling/disabling of the ADC is triggered by configuring the GP_ADC_CTRL_REG[GP_ADC_EN]
bit. When the bit is set to 1, first the LDO is enabled. Then after the delay value set in

GP_ADC_CTRL3 REG[GP_ADC_EN_DEL] (typically 16 s to account for the LDO settling time),
the ADC is enabled, and an AD conversion can be started. See Table 89 for recommended values.

Table 89: ADC_LDO Start-Up Delay

fabc_cLk GP_ADC_EN_DEL TADC_EN_DEL
16 MHz 0x40 16 ps
Datasheet Revision 3.0 Dec 28, 2023

CFR0011-120-00 157 of 498 © 2023 Renesas Electronics



DA14592 RENESAS

Multi-Core BLE 5.2 SoC with Embedded Flash Final

Formula:
GP_ADC_EN_DEL = tapc en_pEeL * fapc_cLk/4
This value must be rounded up to the nearest integer.

The GPADC is a dynamic ADC and consumes no static power, except for the ADC_LDO which
consumes approximately 20 pA. Therefore, GP_ADC_EN must be set to 0 if the ADC is not used.

21.2.2.2 Manual mode

An AD conversion can be started by setting GP_ADC_START to 1. While a conversion is active,
GP_ADC_START remains 1. When a conversion is finished, the hardware sets GP_ADC_START to
0 and GP_ADC _INT to 1 (interrupt), and GP_ADC_RESULT_ REG contains the valid ADC value.
While a conversion is active, writing 1 to GP_ADC_START does not start a new conversion.
Software should always check that bit GP_ADC_START = 0 before starting a new conversion.

21.2.2.3 Continuous mode

Setting GP_ADC_CTRL_REG[GP_ADC_CONT] to 1 enables the continuous mode, which
automatically starts a new AD conversion when the current conversion has been completed. The
GP_ADC_START bit is only needed once to trigger the first conversion. As long as the continuous
mode is active, GP_ADC_RESULT_REG always contains the latest ADC value.

To correctly terminate the continuous mode, it is required to disable the GP_ADC_CONT bit first and
then wait until the GP_ADC_START bit is cleared to 0, so the ADC is in a defined state.

NOTE

Before making any changes to the ADC settings, users must disable the continuous mode by setting bit
GP_ADC_CONT to 0 and waiting until bit GP_ADC_START = 0.

At full speed the ADC consumes approximately 50 to 60 pA. If the data rate is less than 100
ksample/s, the current consumption is in the order of 25 pA.

The time interval between two successive AD conversions is programmable with
GP_ADC_CTRL3_REG[GP_ADC_INTERVAL] in steps of 1.024 ms. If GP_ADC_INTERVAL = 0, the
conversion restarts immediately. If GP_ADC_INTERVAL is not zero, the ADC first synchronizes to
the delay clock before starting the conversion. This can take up to 1 ms.

21.2.3 Conversion modes

21.23.1 AD conversion

Each AD conversion has three phases:
e Sampling

e Conversion

e Storage.

The AD conversion starts with the sampling phase. This phase ends after the time set in
GP_ADC_CTRL2_REG[GP_ADC_SMPL_TIME] and triggers the conversion phase. If
GP_ADC_CTRL2_REG[GP_ADC_STORE_DEL] = 0, handshaking is used, that is, the ADC result is
stored when a conversion is finished. Otherwise, a fixed (programmable) delay is used, and the
result is stored regardless of whether the conversion is finished or not.

The total conversion time of an AD conversion depends on various settings. In short, it is as follows.

N, - (N, + N,
Tipc = CONV ( CYCL_SMPL CYLC_STORE) 1)

fADC?CLK

Where
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® Nconv = the number of conversions. This is related to the value programmed in
GP_ADC_CTRL2_REG[GP_ADC_CONV_NRS], following 2GP-APC_CONV_NRS \\hen
GP_ADC_CTRL_REG[GP_ADC _CHOP] is set, the minimum value for Nconv is always 2.

® Ncvic_svpL = the number of ADC_CLK cycles used for sampling, which is 8 x
GP_ADC_CTRL2_REG[GP_ADC_SMPL_TIME].

® NcvycL store = the number of ADC_CLK cycles until the result is stored. When
GP_ADC_CTRL2_REG[GP_ADC_STORE_DEL] = 0, handshaking is used. With handshaking,
the number of ADC_CLK cycles is typically three. This value may spread from sample to sample
and over temperature, otherwise the number of ADC_CLK cycles is
GP_ADC_CTRL2_REG[GP_ADC_STORE_DEL] + 1.

Sampling phase

The sampling time can be programmed through GP_ADC_CTRL2_REG[GP_ADC_SMPL_TIME] and
depends on the sampling time constant in combination with the desired sampling accuracy. This
sampling time constant, Tabc_swpL (Table 90), then depends on the output impedance of the source,
the internal resistive dividers, and the internal sampling capacitor. And the number of required time
constants is given by the natural logarithm of the desired accuracy, that is, In(2*Ngt). For Neir = 10-
bit accuracy, seven-time constants are required.

Table 90: ADC Sampling Time Constant (Tabc_swmpL)

ADC Input TADC_SMPL

Rout % 0.5 pF (Differential Input)

GPADCO, GPADCL (GP_ADC_ATTN = 0) Rour x 1 pF (Single-Ended Input)

(Rout + 160 kQ) x 0.5 pF (Differential Input)

GPADCO, GPADC1 (GP_ADC_ATTN =1 .
(GP_ - ) (Rout + 160 kQ) x 1 pF (Single-Ended Input)

Formula:
GP_ADC_SMPL_TIME = In(2"NsiT) * Tapc_smpL X fapc_cLk/8

This value must be rounded up to the nearest integer.

Conversion and storage phase

One AD conversion typically takes around 125 ns with a 100 MHz clock. The result can be
stored either by handshaking or after a fixed number of cycles (programmable).

e Handshake mode (GP_ADC_STORE_DEL = 0):

In handshake mode, the conversion result is available in GP_ADC_RESULT_REG after two
sampling ADC_CLK cycles plus two conversion ADC_CLK cycles plus two ADC_CLK cycles for
synchronization.

e Fixed delay mode (GP_ADC_STORE_DEL > 0):

In fixed delay mode, the conversion result is available in GP_ADC_RESULT_REG after the
programmed storage delay, regardless of whether the conversion is ready or not. Note that when the
delay is too short (that is, the conversion is not finished in the allocated time), the old (previous) ADC
result is stored.

21.2.3.2 Averaging

To reduce noise and improve performance, multiple samples can be averaged out (assuming the
time average of noise equals zero). This is handled by hardware and can be controlled by setting
GP_ADC_CTRL2 _REG[GP_ADC_CONV_NRS] to a non-zero value. The actual number of the
consecutive samples taken is by 26PADC_CONV_NRS,

Because the internal noise also acts as a form of dither, the actual accuracy can be improved.
Therefore, the ADC result is not truncated to 10-bit but stored as 16-bit left aligned, and truncation is
left for the user. Table 91 shows the expected Effective Number of Bits (ENOB).
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Table 91: ENOB in Oversampling Mode

GP_ADC_CONV_NRS ENOB (Left Aligned) in GP_ADC_RESULT_REG
0 8

9

10

10

10

11

11

11

N | o ald]OW|IDN|R

21.2.3.3 Chopper mode

Inherently, the ADC has a DC offset (Eors). When GP_ADC_CTRL_REG[GP_ADC_CHOP] is set to
1, the hardware triggers two consecutive AD conversions and flips the sign of the offset in-between.
Summing the two samples effectively cancels out the inherent ADC offset. This method also smooths
other non-ideal effects and is recommended for DC and the slowly changing signals.

When combined with averaging, every other AD conversion is taken with the opposite sign. Without
averaging two AD conversions are always triggered.

Note that a DC offset causes saturation effects at zero scale or full scale. When chopping is used
without offset calibration, non-linear behavior is introduced towards zero scale and full scale.

21.2.4 Additional settings
The hardware also supports pre-ADC attenuation through GP_ADC_CTRL2_REG[GP_ADC_ATTN]:

e Setting 0 disables the attenuator

e Setting 1 scales the input range by a factor of two
e Setting 2 scales the input range by a factor of three
e Setting 3 scales the input range by a factor of four.

With bit GP_ADC_CTRL_REG[GP_ADC_MUTE] = 1, the input is connected to 0.5 x ADC reference.
So, the ideal ADC result should be 511.5. Any deviation from this is the ADC offset.

With bit GP_ADC_CTRL_REG[GP_ADC_SIGN] = 1, the sign of the offset is inverted. When chopper
is used, the hardware alternates GP_ADC_SIGN = 0 and 1. This bit is typically only used for the
offset calibration routine described in Section 21.2.6 and has no specific use to the end user.

21.2.5 Non-ideal effects

Besides Differential Non-Linearity (DNL) and Integral Non-Linearity (INL), each ADC has a gain error
(linear) and an offset error (linear). The gain error (Ec) of the GPADC affects the effective input
range. The offset error (Eors) causes the effective input scale to become non-centered. The offset
error can be reduced by chopping and/or by offset calibration.

The ADC result also includes some noise. If the input signal itself is noise free (inductive effects
included), the average noise level is £1 LSB. Reducing noise effects can be done by taking more
samples and calculating the average value. This can be done by programming
GP_ADC_CTRL2_REG[GP_ADC_CONV_NRS] to a non-zero value.

With a "perfect” input signal (for example, if a filter capacitor is placed close to the input pin), most of
the noise comes from the low-power voltage regulator (LDO) of the ADC. Because the DA14592 is
targeted for ultra-compact applications, there is no pin available to add a capacitor at this voltage
regulator output.
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The dynamic current of the ADC causes extra noise at the regulator output. This noise can be
reduced by setting bits GP_ADC_CTRL2_REG[GP_ADC 120U]. The GP_ADC 20U bit enables a
constant 20 YA load current at the regulator output so that the current does not drop to zero. This,
obviously, increases power consumption by 20 pA.

21.2.6 Offset calibration

A relative high offset error (Eors, up to 30 mV, so approximately 30 LSB) is caused by a very small
dynamic comparator. This offset error can be cancelled with the chopping function, but it still causes
unwanted saturation effects at zero scale or full scale. With GP_ADC_OFFP_REG and
GP_ADC_OFFN_REG, the offset error can be compensated in the ADC network itself.

During production, the offset correction values are stored in the Information Page section, so you do
not need to perform the run time calibration procedure. Only the use of the stored values is needed.

If you need to perform a run time calibration, follow the steps in Table 92. In this routine, 0x200 is the
target mid-scale of the ADC.

Table 92: GPADC Calibration Procedure for Single-Ended and Differential Modes

Step | Single-Ended Mode (GP_ADC_SE =1) Differential Mode (GP_ADC_SE = 0)

1 Set GP_ADC_OFFP = GP_ADC_OFFN = 0x200; | Set GP_ADC_OFFP = GP_ADC_OFFN = 0x200;
GP_ADC_MUTE = 0x1; GP_ADC_SIGN = 0x0. GP_ADC_MUTE = 0x1; GP_ADC_SIGN = 0x0.

2 Start conversion. Start conversion.

3 adc_off_p = GP_ADC_RESULT - 0x200 adc_off_p = GP_ADC_RESULT - 0x200

4 Set GP_ADC_SIGN = Ox1. Set GP_ADC_SIGN = Ox1.

5 Start conversion. Start conversion.

6 adc_off n=GP_ADC_RESULT - 0x200 adc_off_n=GP_ADC_RESULT - 0x200

7 GP_ADC_OFFP =0x200 - 2 x adc_off_p GP_ADC_OFFP = 0x200 - adc_off_p
GP_ADC_OFFN = 0x200 - 2 x adc_off n GP_ADC_OFFN = 0x200 - adc_off n

To increase the accuracy, it is recommended to set GP_ADC_CTRL2_REG[GP_ADC_SMPL_TIME]
=2or3and GP_ADC_CTRL2 REG[GP_ADC_CONV_NRS] = 3 or 4 prior to this routine.

It is recommended to implement the above calibration routine during the initialization phase of
DA14592. To verify the calibration results, check whether the GP_ADC_RESULT value is close to
0x200 while bit GP_ADC_CTRL_REG[GP_ADC_MUTE] = 1.

21.2.7 Zero-scale adjustment

The GP_ADC_OFFP and GP_ADC_OFFN registers can also be used to set the zero-scale or full-
scale input level at a certain target value. For instance, they can be used to calibrate
GP_ADC_RESULT to 0x000 at an input voltage of exactly 0.0 V, or to calibrate the zero scale of a
sensor.

21.2.8 Common mode adjustment

The common mode level of the differential signal must be 0.45 V = Full Scale/2 (or 1.35 V with
GP_ADC_ATTN = 2, that is, 3x attenuation). If the common mode input level of 0.45 V cannot be
achieved, the common mode level of the GPADC can be adjusted through GP_ADC_OFFP_REG
and GP_ADC_OFFN_REG according to Table 93. The GPADC can tolerate a common mode margin
of up to 50 mV.

Table 93: Common Mode Adjustment

CM Voltage (Veem) GP_ADC_OFFP = GP_ADC_OFFN
0.225V 0x300
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CM Voltage (Veem) GP_ADC_OFFP = GP_ADC_OFFN
0.450 V 0x200
0.675 V 0x100

Any other common mode levels between 0.0 V and 0.9 V can be calculated from Table 93. Offset
calibration can be combined with common mode adjustment by replacing the 0x200 value in the
offset calibration routine with the value required to get the appropriate common mode level.

21.2.9 Input impedance, inductance, and input settling

The GPADC has no input buffer stage. During the sampling phase, a capacitor of 0.5 pF in
differential mode or 1 pF in single-ended mode is switched to the input line(s). The pre-charge of this
capacitor is at midscale level, so the input impedance is infinite.

During the sampling phase, a certain settling time is required. A 10-bit accuracy requires at least
seven-time constants Tanc_swpL, determined by the output impedance of the input signal source, the
internal resistive dividers, and the 0.5 pF or 1 pF sampling capacitor. See Table 90.

The inductance from the signal source to the ADC input pin must be very small. Otherwise filter
capacitors are required from the input pins to ground (single-ended mode) or from pin to pin
(differential mode).

21.3 Programming
To program and use the GPADC:

1. Enable the GPADC by setting the GP_ADC_CTRL_REG[GP_ADC_EN] bit.
2. Setup the GPIO input (PO_x_MODE_REGIPID] = 16).

3. Select the input channel (GP_ADC_SEL_REG).
4

Select the sampling mode (differential or single ended) by writing the
GP_ADC_CTRL_REG[GP_ADC_SE] bit.

5. Select between the manual mode and the continuous mode of sampling
(GP_ADC_CTRL_REG[GP_ADC_CONT].

6. Set up extra options (see GP_ADC_CTRLx_REG description)
7. Start the conversion by setting GP_ADC_CTRL_REG[GP_ADC_START] bit.

8. Wait for GP_ADC_CTRL_REG[GP_ADC_START] to become 0 or interrupt being triggered (when
used).

9. Clear the ADC interrupt by writing any value to GP_ADC_CLEAR_INT_REG.
10. Get the ADC result from the GP_ADC_RESULT_REG.
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22 ZA ADC

22.1 Introduction

The DA14592 is equipped with a A ADC that supports two operation modes: the audio mode and
the sensor mode. The audio mode delivers 11 effective number of bits (ENOB) at a rate of

16 ksamples/s. The sensor mode implements a third order filter that achieves 12.5 ENOB at

968 samples/s rate.

A programmable gain amplifier (PGA) is connected to two of the eight available channels for
adjusting the input level of a microphone or sensor to the ADC input range.

The reference voltage can be selected between the internal 0.9 V reference or an external voltage
reference (Note 1). It also supports VBAT measuring (Note 1).

Features

P1_00
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P1_02
PO_10
P1_05
P1_06

<
o
5]

=3

12.5 bits resolution in Sensor Mode, at 968 samples/s

11 bits resolution in Audio Mode, at 16 ksamples/s
Single-ended as well as differential input with two input scales
Programmable Gain Amplifier used in differential mode only
Eight external input channels (two reserved for PGA)

Battery monitoring function (Note 1).
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Figure 44. Block diagram of the ZA ADC
Note 1 In sensor mode, available in FCQFN52 package.
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22.2 Architecture

The block comprises an analogue part including the ZA-Modulator and auxiliary circuitry, and a digital
part containing the digital filter and control logic.

An eight-input multiplexer and a separate VBAT input is placed in front of the modulator. A reference
selector is also added that allows an external reference voltage to be used. The internal reference
voltage of 0.9 V is selected by default.

The digital block includes the digital filters and the control logic for analog part. Figure 45 shows the
audio mode filter and data path.

XTAL
¢ 32MHz
/N N=32
1000kHz [CIC_IICIMATE Il FILTER_CORE I
decimation = 125 | | |
Vv [ |
N ac e
LA e e o el w el (| atEel SO
ke Iy H H :
| il |
| _—___ L ___ i _____ i ______ I
fs = 1dOOkHz fs = 80'00kHz fs = é4kHz fs = é4kHz fs = i6kHz fs = 16kHz

Figure 45. Audio mode data path

This filter delivers a 16-bit word at a 16 kHz rate. Note that out of the 16 bits the 5 LSBs are
considered to be noise and should be discarded (ENOB = 11). The output of the filter is driven to the
result register of the A ADC block where it can be read by the CPU or a DMA engine. In parallel, it
is connected to the APU block in one of the SRC inputs, enabling sampling conversion directly.

Figure 46 shows the third order sensor mode filter.
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Figure 46. Sensor mode data path

This filter delivers a 16-bit word at a 1 kHz rate. Note that, out of the 16 bits, the 2.5 LSBs are
considered to be noise and should be discarded (ENOB = 12.5). The later resolution is achieved by
applied an oversampling rate of 1024 (SDADC_OSR = 2).

For reading the battery voltage an internal 4x attenuator is utilized.

An external reference voltage can be applied at pins SDADC_REF (P1_05) of no more than 0.9 V to
improve precision. It is also possible to output the internal reference from the LDO to P1_05 and use
it as a reference for the sensor. In this case, the external load current and capacitance should not
exceed the drive capabilities of the internal LDO.
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22.3 PGA

An internal PGA can be used to amplify a microphone input. The PGA is a pseudo-differential
amplifier that can be used in two different configurations as shown in Figure 47 and Figure 48.

Figure 47 shows the differential configuration that consists of two single ended amplifiers that form a
pseudo differential amplifier. The value of the resistors depends upon the gain setting. The common
mode voltage of the amplifier is fixed to the Vref_int/2, which is approximately 450 mV.

Figure 48 shows the single ended configuration that uses the same amplifiers in a series
configuration. The output of the first amplifier is inverted (gain = -1) by the second. In this way a
differential output is obtained from a single ended input.

Since the PGA has a fixed input common mode level, the PGA is best used with AC coupling
capacitors at the input.

The best performance is achieved when both PGA and ADC are configured in differential mode.
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Figure 47. PGA differential configuration
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Figure 48. PGA single ended configuration

22.4 Programming
To program and use the ¥A AD Converter:
Sensor mode

1. Enable the SDADC block by setting the SDADC_CTRL_REG[SDADC_EN] bit.
2. Setup the GPIO input (Px_yy_MODE_REG|PID] = 16).

3. Select the input channel for the positive side (SDADC_CTRL_REG[SDADC _INP_SEL]) and the
negative side (SDADC_CTRL_REG[SDADC_INN_SEL], negative side is ignored in single ended
mode).

4. Select the Voltage reference (SDADC_CTRL_REG[SDADC_VREF_SEL]).

5. Select the sampling mode (differential, single ended) by writing the
SDADC_CTRL_REG[GP_ADC_SE] hit.

6. Select between manual and continuous mode of sampling
(SDADC_CTRL_REG[SDADC_CONT]).

7. Set up extra options (see SDADC_CTRL_REG description)
8. Start the conversion by setting SDADC_CTRL_REG[SDADC_START] bit.

9. Wait for SDADC_CTRL_REG[SDADC_START] to become 0 or interrupt being triggered (when
used).

10. Clear the ADC interrupt by writing any value to SDADC_CLEAR_INT_REG.
11. Get the ADC result from the SDADC_RESULT_REG.

Audio mode
To configure the PGA:

1. Select the required PGA gain using the SDADC_PGA_CTRL_REG[PGA_GAIN] bit field.

2. Select between single ended and differential mode using the
SDADC_PGA_CTRL_REG[PGA_SINGLE] bit field.

3. Enable PGA by setting the SDADC_PGA_CTRL_REG[PGA_EN] bit.
To start the audio processing stream:
1. Select the Audio filter (SDADC_CTRL_REG[SDAC_MODE] = 1).
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7.
8.

Select the positive and negative channels for the PGA (SDADC_CTRL_REG[SDAC_INP_SEL] =
0 and SDADC_CTRL_REG[SDAC_INN_SEL] =1).

Select the Voltage reference (SDADC_CTRL_REG[SDADC_VREF_SEL]).
Enable the interrupts by setting SDADC_CTRL_REG[SDAC_MINT] = 1.
Enable the SDADC block (SDADC_CTRL_REG[SDAC_EN] = 1).

Select the continuous mode, so a new 16-bit sample is available on the output on a 16-kHz rate
(SDADC_CTRL_REG[SDAC_CONT] = 1).

Start the conversion by SDADC_CTRL_REG[SDAC_START] = 1.
Get the ADC result from the SDADC_RESULT_REG when interrupt is triggered.

To stop the audio processing stream:

1.

Deselect continuous mode by SDADC_CTRL_REG[SDAC_CONT] = 0.

2. Wait until the SDAC_START bit is cleared.
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23 Temperature Sensor

23.1 Introduction
The DA14592 features a built-in temperature sensor.
Features

m Temperature range -40 °C to 115 °C.
m  Ambient temperature single point calibration reference value provided in IP sector.

23.2 Architecture
The temperature sensor can be read out through the GP_ADC.

Figure 49 shows the relationship between the actual ambient temperature and the calculated
temperature from the GP_ADC readout, including possible inaccuracies in Tsense_acc_ie (offset) and
TCsense (angle).

Sum of TCgyse and Tsgys_ace i 17O

,‘TQENSEMAX
TCopuse TYP
/4TCSENSE MIN
,r / Sum of TCyp e and Tygyee acc p €TTOT
I ’
4
/ ”
4 /l
o
-’
e
TSENSE_ACC_IF MAX I,’
25°C
TSENSEJCCJP MIN
T, = Calculated temperature from ADC readout
Tameient = Actual ambient temperature
TCepnse = Temperature Coefficient
Vv Tsense_ace_ e = Absolute accuracy of temperature sensor using
,’ calibration value from Information Page (IP)
‘/
s
-40°C 25°C 85°C
TAMBIENT

Figure 49. Temperature sensor behavior
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The recommended formula for single point calibrated temperature reading is as follows:
Tx = ADCip_caL_1 + (ADCx - ADCip_caL vaL)/(TCsense % 64)
Where:

Tx = calculated single point calibrated die temperature in °C
e ADCx = 16-bit GP_ADC_VAL readout (converted to decimal) at temperature Tx

ADCp_caL_vaL = device calibration value recorded during production testing (based on the 16-bit
readout, stored in IP sector)

e ADCpr _caL T = die temperature applied during device calibration (stored in IP sector)
® TCsense = temperature coefficient in LSB/°C
e 64 = correction for 16-bit to 10-bit ADC values.

For uncalibrated temperature sensor measurements, ADCip_caL_vaL and ADCip_caL vaL T can be
replaced by the default value using the formula below:

Tx = 25 + (ADCx - 43530) / (TCsense x 64)

Note that this is not recommended since it can result in large offsets.

NOTE

While measuring and/or calibration, the system's power dissipation should be kept the same, otherwise the
measurement is affected by the internal thermal gradient.

23.3 Programming

There is a certain programming sequence required to read the temperature sensor. There are two
reading options available:

e Absolute temperature (single-point calibration)
e Relative temperature.

23.3.1 Absolute temperature

A calibration value at ADCip_caL T °C is stored in IP sector for absolute temperature measurements.
When the calibration value from IP is used, the GP_ADC offset calibration settings should be used.

NOTE

Absolute temperature reading is indicative only.

e To read the production test calibration value:

o Read ADCp_caL_T: the content of ADCip_caL_tis in SDK_SECTION_TEMP_SENS_25C

o Read ADCp_caL_vaL: the content of ADCip_caL_vaLis in SDK_SECTION_TEMP_SENS_25C
e Use factory calibrated offset values for the GPADC

o GP_ADC_OFFP_REG[GP_ADC_OFFP] = SDK_SECTION_GP_ADC_SINGLE_MODE, B4 -
B5

o GP_ADC_OFFN_REG[GP_ADC_OFFN] = SDK_SECTION_GP_ADC_SINGLE_MODE, B6 -
B7

e To enable the temperature sensor:
0 GP_ADC_CTRL_REGIDIE_TEMP_EN] =1
Wait 25 ps for the temperature sensor to start up
e To set the advised ADC settings:
o GP_ADC_CTRL_REG[GP_ADC_CHOP] =1
o GP_ADC_CTRL_REG[GP_ADC_SE]=1
o GP_ADC_CTRL_REG[GP_ADC_EN]=1
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o GP_ADC_CTRL2_REG[GP_ADC_l20U] =1

o GP_ADC_SEL_REG|GP_ADC_SEL P]1=4

0o GP_ADC_CTRL2_REG[GP_ADC_STORE_DEL] =0
e To set sample time and averaging of the ADC sampling

0 GP_ADC_CTRL2_REG[GP_ADC_SMPL_TIME] =5

o GP_ADC_CTRL2 _REG[GP_ADC_CONV_NRS]=6
e To perform ADC conversion:

0 GP_ADC_CTRL_REG[GP_ADC_START] =1
e To wait for the conversion to finish, read the register

o GP_ADC_RESULT_REG[GP_ADC_VAL].

23.3.2 Relative temperature

For relative temperature measurements, single-point calibration is not needed. The programming
sequence is presented below.

e To enable GP_ADC:
o GP_ADC_CTRL_REGI|DIE_TEMP_EN] =1.
e Wait 25 ps for the temperature sensor to start up.
® To set the advised ADC settings:
GP_ADC_CTRL_REG[GP_ADC_CHOP] = 1.
GP_ADC_CTRL_REG[GP_ADC_SE] = 1.
GP_ADC_CTRL_REG[GP_ADC_EN]=1.
GP_ADC_CTRL2_REG[GP_ADC_l|20U] =1.
GP_ADC_SEL_REG[GP_ADC_SEL_P] = 4.
GP_ADC_CTRL2_REG[GP_ADC_STORE_DEL] =0.
e To set sample time and averaging of the ADC sampling:
o GP_ADC_CTRL2_REG[GP_ADC_SMPL_TIME] = 5.
o GP_ADC_CTRL2_REG[GP_ADC_CONV_NRS] = 6.
e To perform ADC conversion:
0 GP_ADC_CTRL_REG[GP_ADC_START] = 1.
e To wait for the conversion to finish, read the register:
o GP_ADC_RESULT_REG[GP_ADC_VAL].

o O O O O O
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24 Audio Unit

24.1 Introduction

The Audio Unit (AU) is made up of two digital interfaces, namely: a PDM and PCM. It also has two
Sampling Rate Converters (SRC1, SRC?2) that are used for adjusting the sampling rate of audio
samples between the two interfaces and memory.

The PDM interface provides a serial connection for one stereo or two mono input devices (for
example, MEMS microphones) or output devices. The interface has a single clock PDM_CLK and
one input/output PDM_DI/PDM_DO that can carry two channels in a time divided manner.

The PCM controller implements up to 48 kHz synchronous interface to external audio devices, ISDN
circuits, and serial data interfaces. It enables master and slave modes, and supports 12S and TDM
formats.

The AU has dedicated DMA channels for the PCM and SRC streams. The PCM data flow is further
supported by an internal dedicated 8x32-bit FIFO that cannot be used in stereo mode.

Features

m  Supported conversions:

o SRC_IN (32 bits) to SRC_OUT (32 bits)

o PDM_IN (1bit) to SRC_OUT (32 bits)

0 SRC_IN (32 bits) to PDM_OUT (1 bit)

SRC_IN, SRC_OUT Sample rates 8 kHz to 192 kHz

SNR > 100 dB

Single Buffer I1/0O with DMA support

Automatic mode to adjust sample rate to the applied frame sync (for example, PCM_FSC)

Manual mode to generate interrupts at the programmed sample rate. Adjustment is done by
software based on buffer pointers

m PCM (Master/Slave) interface:
o PCM_FSC
— Master/slave 4 kHz to 48 kHz
— Strobe Length 1, 8, 16, 24, 32, 40, 48, and 64 bits
— PCM_FSC before or on the first bit. (In Master mode)
2x32 channels
Programmable slot delay up-to 31*8 bits
Formats:
— PCM mode
— 12S mode (Left/Right channel selection) with N*8 for Left and N*8 for Right
— IOM2 mode (double clock per bit)
o Programmable clock and frame sync inversion
m PDM interface:
PDM_CLK frequency 62.5 kHz — 4 MHz

o Down-sampling to 32 bits in SRC
o PDM_CLK on/off to support Sleep mode
o PDM_DATA

— (input): 1 Channel in stereo format
— (output): 2 Channels in mono format, 1 Channel in stereo format
o Programmable Left/Right channel selection.
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Figure 50. Audio unit block diagram
24.2 Architecture

24.2.1 Data paths

The SRC blocks convert two 32-bit channels into either a stereo pair, or two mono streams. PCM
linear data pairs are transferred to SRCx_IN1/2; the output is 2x32-bit left-aligned on SRCx_OUT1/2.
The two 1-bit PDM data inputs are received on PDM_IN and are converted to 2x32 bits, left-aligned
to SRC_OUT.

The SRCx_IN input multiplexer (Figure 50) is controlled by SRC1_MUX REG[PDM1_MUX_ IN]. The
input of these multiplexers comes from the audio interfaces or the SRCx_IN1/2_REG. The data to
these registers is left-aligned, bits 31-8 are mapped on bits 23-0 of the SRC.

The 32 bits SRCs outputs can be read in SRCx_OUT1_REG and SRCx_OUT2_REG and can also
be routed to the PCM interface. The input selection of these multiplexers is also controlled by
SRC1_MUX_REG[PCM1_MUX_IN].

An 8x32-bit FIFO can be connected to the SRCs input or output data path when not in stereo mode.
When the FIFO services the SRC input data path, an SRC input event triggers a FIFO write, while a
CPU read access triggers a FIFO read. SRC_IN_IRQ is issued when the FIFO level increments to
four samples. When the FIFO services the SRC output data path, an SRC output event triggers a
FIFO read, while a CPU write access triggers a FIFO write. SRC_OUT_IRQ is issued when the FIFO
level drops below five samples. FIFO operation can be completely disabled.

SRCs can be configured to operate in two different modes of operation:

e Manual mode
e Automatic mode.

In manual mode, the input/output sampling rate is determined by
SRCx_IN_FS_REG/SRCx_OUT_FS_REG registers.

In automatic mode, the input/output sampling rate is automatically derived from the external
synchronization signals and can only be read back at SRCx_IN_FS REG/SRCx_OUT_FS REG
registers.

Datasheet Revision 3.0 Dec 28, 2023

CFR0011-120-00 172 of 498 © 2023 Renesas Electronics



DA14592 RENESAS

Multi-Core BLE 5.2 SoC with Embedded Flash Final

When PDM is used (input/output), SRCs operate in automatic mode. The sampling rate reported in
SRCx_IN_FS_REG register is PDM_CLK/64, 64 being the default oversampling ratio.

24.2.2 Up/down sampler

The Up/Down Sampler performs the required arbitrary resampling by polynomial interpolation at an
8x oversampled input rate and 16x oversampled output rate.

For maximum flexibility, a generic single cycle multiplier facilitates variable coefficient multiplications.
The multiplier is combined with optional pre and post adders into an arithmetic unit.

24.2.3 PCM interface

24.2.3.1 Channel access and delay

The PCM interface has two 32-bit registers for TX and RX, namely PCM1_IN1/OUT1_REG and
PCM1_IN2/0UT2_REG for input and output directions respectively. These registers can be arranged
as eight channels of 8 bits each, named channel 1 to channel 8. By a configurable clock inversion,
channel delay and strobe length adjustment, various formats like PCM, 12S, TDM and IOM2 can be
supported.

The 8 PCM channels can be delayed with a maximum delay of 31 x 8 bits by configuring
PCM1_CTRL_REG[PCM_CH_DEL]. Note that a high delay count in combination with a slow clock,
can lead to the PCM_FSC sync occurring before all channels are shifted in or out. The received bits
of the current channel may not be properly aligned in that case.

24.2.3.2 Clock generation

The PCM clock (PCM_CLK) must be generated according to the required sample rate. There are two
ways of generating the clock:

1. The Fractional option. Dividing the system clock by an integer and a fractional part (inserting
jitter in the clock pulse train). This is programmed in PCM_DIV_REG and PCM_FDIV_REG
respectively.

2. The Integer Only option. Approximate the sample rate by adding more clock pulses than bits
required. These extra pulses are ignored. This approach is used when external slave devices
cannot tolerate the inserted jitter on the clock line. It is configured in PCM_DIV_REG.

The PCM_DIV_REG[PCM_DIV] is a 12 bits field which holds the integer part of the desired clock
divider. The fractional part of the divider is stored in the 16 bits PCM_FDIV_REG register. The value
of the register is calculated in the following way:

e The position of the left most 1 of the value in binary format defines the denominator.
e The amount of 1's defines the numerator of the fraction as explained in the example of Table 94.

Table 94: PCM_FDIV_REG Programming Example

PCM_FDIV_REG (Hex) PCM_FDIV_REG Numerator Denominator Fraction
(Binary)
0x0110 0b100010000 2 9 2/9
0x0101 0b100000001 2 9 2/9
0x1ABC 0b1101010111100 8 13 8/13
OxBEEF 0b1011111011101111 13 16 13/16
OXFEEE 0b1111111011101110 13 16 13/16

The FSC pulse is generated from the PCM_CLK by further dividing it by PCM_FSC_DIV.

Both clock generation options are explained in Table 95, with 8 bits, 16 bits, 32 bits, and 48 bits in
various sample rates.
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Table 95: Fractional and Integer Only Clock Divisors for Various PCM Frequencies and Sample Rates

XTAL (kHz) Doubler (kHz)
32000 64000
Fractional Option Integer Only Option Fractional Option Integer Only Option
Desired Actual
Sample Bit Actual Wordsi
Rate Clock | Desired | PCM_DIV_ | PCM_FDIV_ | PCM_DIV_ | Wordsize | Desired | PCM_DIV_ | PCM_FDIV | PCM_DIV_ ordsize
(kHz) Bits | (kHz) Divider REG REG REG (Bits) Divider REG _REG REG (Bits)
8 | 1*8 64 500 500 500 8 1000 1000 1000 8
1*1 500
8|6 128 250 250 250 16 500 500 16
1*2 333,333
8|4 192 166,667 166 213 160 25 333 320 25
1*3 250
2 256 125 125 125 32 250 250 32
2%8 128 250 250 250 8 500 500 500 8
2*1 250
8|6 256 125 125 125 16 250 250 16
2%2 166,667
8|4 384 83,333 83 1/3 80 25 166 160 25
2*3 125
8|2 512 62,5 62 1/2 50 40 125 0 125 32
16 | 1*8 128 250 250 250 8 500 500 500 8
1*1 250
16 | 6 256 125 125 125 16 250 250 16
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XTAL (kHz) Doubler (kHz)
32000 64000
Fractional Option Integer Only Option Fractional Option Integer Only Option
Desired Actual
Sample Bit Actual Wordsi
Rate Clock | Desired | PCM_DIV_ | PCM_FDIV_ | PCM_DIV_ | Wordsize | Desired | PCM_DIV_ | PCM_FDIV | PCM_DIV_ ordsize
(kHz) Bits | (kHz) Divider REG REG REG (Bits) Divider REG _REG REG (Bits)
1*2 166,667
16 | 4 384 83,333 83 1/3 80 25 166 160 25
1*3 125
16 | 2 512 62,5 62 1/2 50 40 125 0 125 32
16 | 2*8 256 125 125 125 8 250 250 250 8
2*1 125
16 | 6 512 62,5 62 1/2 50 20 125 0 125 16
2*2 83,333
16 | 4 768 41,667 41 2/3 40 25 83 80 25
2*3 62,5
16 | 2 1024 31,25 31 1/4 25 40 62 1/2 50 40
32 | 1*8 256 125 125 125 8 250 250 250 8
1*1 125
32 |6 512 62,5 62 1/2 50 20 125 0 125 16
1*2 83,333
32 |4 768 41,667 41 2/3 40 25 83 80 25
1*3 62,5
322 1024 31,25 31 1/4 25 40 62 1/2 50 40
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XTAL (kHz) Doubler (kHz)
32000 64000
Fractional Option Integer Only Option Fractional Option Integer Only Option
Desired Actual
Sample Bit Actual Wordsi
Rate Clock | Desired | PCM_DIV_ | PCM_FDIV_ | PCM_DIV_ | Wordsize | Desired | PCM_DIV_ | PCM_FDIV | PCM_DIV_ ordsize
(kHz) Bits | (kHz) Divider REG REG REG (Bits) Divider REG _REG REG (Bits)
32 | 2*8 512 62,5 62 1/2 50 10 125 125 0 125 8
2*1 62,5
326 1024 31,25 31 1/4 25 20 62 1/2 50 20
2*2 41,667
32 |4 1536 20,833 20 5/6 20 25 41 2/3 40 25
2*3 31,25
322 2048 15,625 15 5/8 10 50 31 1/4 25 40
48 | 1*8 384 83,333 83 1/3 N/A N/A 166,667 166 N/A N/A
1*1 83,333
48 | 6 768 41,667 41 2/3 N/A N/A 83 N/A N/A
1*2 55,556
48 | 4 1152 27,778 27 7/9 N/A N/A 55 5/9 N/A N/A
1*3 41,667
48 | 2 1536 20,833 20 5/6 N/A N/A 41 2/3 N/A N/A
48 | 2*8 768 41,667 41 2/3 N/A N/A 83,333 83 N/A N/A
2*1 41,667
48 | 6 1536 20,833 20 5/6 N/A N/A 41 2/3 N/A N/A
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XTAL (kHz) Doubler (kHz)
32000 64000
Fractional Option Integer Only Option Fractional Option Integer Only Option
Desired Actual
Sample Bit Actual Wordsi
Rate Clock | Desired | PCM_DIV_ | PCM_FDIV_ | PCM_DIV_ | Wordsize | Desired | PCM_DIV_ | PCM_FDIV | PCM_DIV_ ordsize
(kHz) Bits | (kHz) Divider REG REG REG (Bits) Divider REG _REG REG (Bits)
2*2 27,778
48 | 4 2304 13,889 13 8/9 N/A N/A 27 7/9 N/A N/A
2*3 20,833
48 | 2 3072 10,417 10 2/5 N/A N/A 20 5/6 N/A N/A

The yellow marked fields designate that the actual word size achieved in the Integer Only option, is larger than the required bits. The last clock pulses is
ignored in this case. For example, to get 24 bits at 8 kHz sampling rate, a clock of 192 kHz is required. In the Integer Only option, this is not possible. A

higher clock is generated (200 kHz), which results in a word of 25 bits. In this case, the last bit is ignored.
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24.2.3.3 External synchronization

With the PCM interface in slave mode, the PCM interface supports direct routing through the sample
rate converter (SRC). Any drift in PCM_FSC or other frame sync frequencies like 44.1 kHz, can be
directly resampled to for example, 48 kHz internal sample rate.

24.2.3.4 Data formats

PCM master mode
Master mode is selected if PCM1_CTRL_REG[PCM_MASTER] = 1.

In master mode, PCM_FSC is output and falls always over Channel 0. The duration of PCM_FSC is
programmable with PCM1_CTRL_REG[PCM_FSCLEN] = 1 or 8,16, 24, 32 clock pulses high. The
start position is programmable with PCM1_CTRL_REG[PCM_FSCDEL] and can be placed before or
on the first bit of channel 0. The repetition frequency of PCM_FSC is programmable in
PCM1_CTRL_REG[PCM_FSC_DIV] from 8 to 48 kHz.

If master mode selected, PCM_CLK is output and provides one or two clocks per data bit
programmable in PCM1_CTRL_REG[PCM_CLK_BIT].

The polarity of the signal can be inverted with bit PCM1_CTRL_REG[PCM_CLKINV].
The PCM_CLK frequency selection is described in Section 24.2.3.2.

PCM slave mode

In slave mode, (bit MASTER = 0) PCM_FSC is input and determines the starting point of channel 0.
The repetition rate of PCM_FSC must be equal to PCM_SYNC and must be high for at least one
PCM_CLK cycle. Within one frame, PCM_FSC must be low for at least PCM_CLK cycle. Bit
PCM_FSCDEL sets the start position of PCM_FSC before or on the first bit (MSB).

In slave mode, PCM_CLK is input. The minimum received frequency is 256 kHz, the maximum is
3.072 MHz.

In slave mode, the main counter can be stopped and resumed on a PCM_FSC rising edge.
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Figure 51. PCM interface formats
I2S formats
The digital audio interface supports 12S mode, Left Justified mode, Right Justified mode, and TDM
mode.
I2S mode

To support 12S mode, the MSB of the right channel is valid on the second rising edge of the bit clock
after the rising edge of the PCM_FSC, and the MSB of the left channel is valid on the second rising
edge of the bit clock after the falling edge of the PCM_FSC.

Settings for 12S mode:

e PCM_FSC_EDGE: 1 (all after PCM_FSC)

e PCM_FSCLEN: 4 (4x8 High, 4x8 Low)

e PCM_FSC DEL: 0 (one bit delayed)

e PCM_CLK_INV: 1 (output on falling edge)

e PCM_CH_DEL: 0 (no channel delay).
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Figure 52. 12S mode
TDM mode

A time is specified from the normal "start of frame" condition using register bits PCM_CH_DEL. In the
left-justified TDM example shown in Figure 53, the left channel data is valid PCM_CH_DEL clock
cycles, after the rising edge of the PCM_FSC, and the right channel data is valid the same
PCM_CH_DEL number of clock cycles after the falling edge of the PCM_FSC.

By delaying the channels, left and right alignment can also be achieved.
Settings for TDM mode:

e PCM_FSC_EDGE: 1 (rising and falling PCM_FSC)

e PCM_FSCLEN: Master 1 to 4
Slave waiting for edge.

e PCM_FSC_DEL: 1 (no bitdelay)
e PCM_CLK_INV: 1 (output on falling edge)
e PCM_CHO _DEL: Slave 0-31 (channel delay)
Master 1-3.
PCM_CLK | | | | | | e e
PCM_FSC R Left channel data
ight channel data <“—>
_ offset offset
o [ [0 ] ‘—w ==
e RN J= kN
Figure 53. TDM mode (left justified mode)
NOTE

Offset is always in multiples of 8.

IOM mode

In the IOM format, the PCM_CLK frequency is twice the data bit cell duration. In slave mode,
synchronization is on the first rising edge of PCM_FSC while data is clocked in on the second falling
edge.

Settings for IOM mode:

e PCM_FSC _EDGE: 0 (rising edge PCM_FSC)

e PCM_FSCLEN: 0 (one cycle)

e PCM_FSC DEL: 1 (no bitdelay)

e PCM_CLK_INV: 0 (output on rising edge)
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e PCM_CHO _DEL: 0 (no delay)
e PCM_CLK BIT: 1.

Q.
N,

PCM_FSC | |
e 0 if Push pull
PCM_DO MSB )) LSB \ Hi-Z if open drain

48x-10M

Figure 54. IOM format

24.2.4 PDM interface

The PDM comprises two signals, namely the DATA and the CLK, and supports stereo streams.
PDM_DATA is encoded so that the left channel is clocked in on the falling edge of CLK and the right
channel is clocked on the rising edge of PDM_CLK as shown in Figure 55.

The interface supports MEMS microphone sleep mode by disabling the PDM_CLK. The PDM
interface signals can be mapped on any GPIO by programming PID = 32 and PID = 33 for DATA and
CLK respectively in the Px_yz MODE_REG.

CLK ——

DATA(mono) ( Datal (R) X Datal (R) X Datal (R) >
Data2 Datal Data2 Datal
DATA(stereo) 0 }C R ){ 0 ")

Figure 55. PDM mono/stereo formats
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PDOM input transfer function
_50_ _____________________ e o b o e mmemmoo o 1
-100
)
% 180 p---1F -t
o

-200

-250

-300
0

500
Frequency (kHz)

Figure 56. SRC PDM input transfer function

It should be noted that the audio quality degrades when the oversampling ratio is less than 64. For
an 8 kHz sample rate the minimum recommended PDM clock rate is 64 x 8 kHz = 512 kHz.

24.2.5 DMA support

If more than one sample needs to be transferred to or from the CPU, or the sample rate is so high
that it interrupts the CPU too often, the DMA controller must be engaged to perform the transactions.
The channels that are reserved in the DMA can support the PCM, the SRCx (IN) and the SRCx
(OUT) directions.

24.2.6 Interrupts

After a Sample Rate Conversion, the input up-sampler and output down-sampler, generate edge
triggered interrupts on SRCx_IN_SYNC and SRCx_OUT_SYNC to the CPU which do not have to be
cleared. Note that only one sample shall be read from or written to a single register at a time (there
are no FIFOs included).

24.3 Programming

24.3.1 PDMinput to PCM output
To configure the Audio Unit:
1. Configure the GPIOs functionality used for the PDM and PCM I/F by writing the appropriate
Px_yy_MODE_REGIPID].
2. Configure the GPIOs direction (Px_yy_MODE_REG[PUPD]).
3. Configure PDM I/F:
a. Configure as Master by setting the PDM_DIV_REG[PDM_MASTER_MODE] bit.
b. Set PDM clock divider (PDM_DIV_REG[PDM_DIV]).
c. Enable PDM (internal) block clock (PDM_DIV_REG[CLK_PDM_EN]).
4. Configure PCM I/F:
a. Select the clock source (PCM_DIV_REG[PCM_SRC_SEL)).
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b. Setup PCM clock division (PCM_DIV_REG[PCM_DIV], PCM_FDIV_REG).
c. Enable the clock (master mode) by setting the PCM_DIV_REG[CLK_PCM_EN] bit.
d. Disable PCM (PCM1_CTRL_REG[PCM_EN] = 0).
e. Set PCM Framesync divider (PCM1_CTRL_REG[PCM_FSC_DIV]).
f. (PCM1_CTRL_REG[PCM_FSC_EDGE])).
g. Set channel delay in multiples of 8 bits (PCM1_CTRL_REG[PCM_CH_DEL]).
h. Set the number of clock cycles per data bit (PCM1_CTRL_REG[PCM_CLK_BIT])).

Set polarity of PCM FSC (PCM1_CTRL_REG[PCM_FSCINV]).
Set polarity of PCM CLK(PCM1_CTRL_REG[PCM_CLKINV]).

Set PCM DO output mode (PCM1_CTRL_REG[PCM_PPOD]).
Set PCM FSC start time (PCM1_CTRL_REG[PCM_FSCDEL])).

. Set PCM FSC data length (PCM1_CTRL_REG[PCM_FSCLEN)]).

Set PCM in Master mode (PCM1_CTRL_REG[PCM_MASTER] = 1).

5. Configure the Sample Rate Converter:

a.
b.
c.

i.
-

K.

Set the SRC clock divider (SRC_DIV_REG[SRC/2_DIV]).
Enable the SRC block clock by setting the SRC_DIV_REG[CLK_SRC/2_EN] bit.

Select the SRC input Up Sampling IIR filters setting according to the sample rate
(SRCx_CTRL_REG[SRC_IN_DS]).

Configure the SRC input sample rate (SRCx_IN_FS_REG).

Select the SRC output Up Sampling IIR filters setting according to the sample rate
(SRCx_CTRL_REG[SRC_OUT_US])).

Configure the SRC output sample rate (SRCx_OUT_FS_REG).
Select the PDM as input to SRC (SRCx_MUX_REG[PDM1_MUX_IN] = 1).

Enable the SRC FIFO (SRCx_CTRL_REG[SRC_FIFO_ENABLE]) and set direction
(SRCx_CTRL_REG[SRC_FIFO_DIRECTION] = 1). Note that in stero mode, FIFO cannot be
used.

Select the output to PCM (SRCx_MUX_REG[PCM1_MUX_ IN] = 1).
Set SRCx_MUX_REG[SRC1_MUX_IN] = 0.
Set SRC input to Automatic conversion mode (SRCx_CTRL_REG[SRC_IN_AMODE] =1).

6. Enable SRC (SRCx_CTRL_REG[SRC_EN] = 1).
7. Enable PCM (PCM1_CTRL_REG[PCM_EN] = 1).
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25 12C Interface

25.1

The 12C Interface is a programmable control bus that provides support for the communications link
between Integrated Circuits in a system. It is a simple two-wire bus with a software-defined protocol
for system control, which is used in temperature sensors and voltage level translators to EEPROMSs,
general-purpose I/O, A/D and D/A converters. It comprises 32 levels deep FIFO in both directions.

Introduction

Features

Two-wire 12C serial interface consists of a serial data line (SDA) and a serial clock (SCL)
Three speeds are supported:

o Standard mode (0 to 100 kbit/s)

O Fast mode (<= 400 kbit/s)

o High Speed mode (<= 3.4 Mbit/s)

Clock synchronization

32 locations deep transmit/receive FIFOs (32 x 8-bit RX, 32 x 10-bit TX)
Master transmit, Master receive operation

7-bit or 10-bit addressing

7-bit or 10-bit combined format transfers

Bulk transmit mode

Default slave address of 0x055

Interrupt or polled-mode operation

Handles Bit and Byte waiting at both bus speeds

Programmable SDA hold time

DMA support.

12C

AMBA Bus
Interface Unit

Register File

Slave State
Machine

Master State
Machine

Clock
Generator

Rx Shift

Tx Shift

Rx Filter

Toggle

Synchronizer

Interrupt

Controller

RX FIFO

TX FIFO

Figure 57. 12C controller block diagram

Figure 57 shows the 12C Controller block diagram. It contains the following sub-blocks:

AMBA Bus Interface Unit. Interfacing via the APB interface to access the register file.
Register File. Contains configuration registers and is the interface with software.
Master State Machine. Generates the 12C protocol for the master transfers.

Clock Generator. Calculates the required timing to do the following:
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o Generate the SCL clock when configured as a master
o Check for bus idle
o Generate a START and a STOP
o Sup the data and hold the data.

RX Shift. Takes data into the design and extracts it in byte format.

TX Shift. Presents data supplied by CPU for transfer on the 12C bus.

RX Filter. Detects the events in the bus; for example, start, stop and arbitration lost.

Toggle. Generates pulses on both sides and toggles to transfer signals across clock domains.
Synchronizer. Transfers signals from one clock domain to another.

Interrupt Controller. Generates the raw interrupt and interrupt flags, allowing them to be set and
cleared.

e RXFIFO/TX. Holds the RX FIFO and TX FIFO register banks and controllers, along with their
status levels.

25.2 Architecture

25.2.1 12C behavior

I2C can be controlled (through software) to be a 12C master only, communicating with other 12C
slaves

The master is responsible for generating the clock and controlling the transfer of data. The slave is
responsible for transmitting or receiving data to and from the master. Data acknowledgement is sent
by the device that receives data, which can be master or slave. The 12C protocol allows multiple
masters to reside on the 12C bus. It uses an arbitration procedure to determine bus ownership.

Each slave has a unique address that is determined by the system designer. When a master wants
to communicate with a slave, the master transmits a START/RESTART condition that is then
followed by the slave’s address and a control bit (R/W) to determine if the master wants to transmit
data or receive data from the slave. The slave then sends an acknowledge pulse (ACK) after the
address.

If the master (master-transmitter) is writing to the slave (slave-receiver), the receiver gets one byte of
data. This transaction continues until the master terminates the transmission with a STOP condition.
If the master is reading from a slave (master-receiver), the slave transmits (slave-transmitter) a byte
of data to the master, and the master then acknowledges the transaction with the ACK pulse. This
transaction continues until the master terminates the transmission by not acknowledging (NACK) the
transaction after the last byte is received, and then the master issues a STOP condition or addresses
another slave after issuing a RESTART condition. Figure 58 shows this behavior.

PorR

or
[mse[ [ [ [LsB]AcK ] JAck] 1]

I

| -

! from slave from receiver
T

I

I

scL: S 1 2 7 8 9 1 2 |38 |9 RorP?

o 3 |

START or Byte Complete  SCL held low STOP AND
RESTART Interrupt within ~ While servicing RESTART
Condition Slave interrupts Condition

Figure 58. Data transfer on the 12C bus
The 12C is a synchronous serial interface. The SDA line is a bidirectional signal and changes only

while the SCL line is low, except for STOP, START, and RESTART conditions. The output drivers
are open-drain or open-collector to perform wire-AND functions on the bus. The maximum number of
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devices on the bus is limited by only the maximum capacitance specification of 400 pF. Data is
transmitted in byte packages.

25.2.1.1 START and STOP generation

When operating as an I12C master, putting data into the transmit FIFO causes the 12C Controller to
generate a START condition on the 12C bus. Writing a 1 to 12C_DATA_CMD_REG[9] causes the i2c
to generate a STOP condition on the 12C bus; a STOP condition is not issued if this bit is not set,
even if the transmit FIFO is empty.

When operating as a slave, the 12C Controller does not generate START and STOP conditions, as
per the protocol. However, if a read request is made to the 12C Controller, it holds the SCL line low
until read data has been supplied to it. This stalls the I12C bus until read data is provided to the slave
I2C Controller, or the 12C Controller slave is disabled by writing a 0 to I2C_ENABLE.

25.2.1.2 Combined formats

The 12C Controller supports mixed read and write combined format transactions in both 7-bit and 10-
bit addressing modes.

The 12C Controller does not support mixed address and mixed address format — that is, a 7-bit
address transaction followed by a 10-bit address transaction or vice versa — combined format
transactions.

To initiate combined format transfers, 12C_CON.12C_RESTART_EN should be set to 1. With this
value set and operating as a master, when the 12C Controller completes an I2C transfer, it checks
the transmit FIFO and executes the next transfer. If the direction of this transfer differs from the
previous transfer, the combined format is used to issue the transfer. If the transmit FIFO is empty
when the current 12C transfer completes, a STOP is issued, and the next transfer is issued following
a START condition.

25.2.2 12C protocols

The 12C Controller has the following protocols:
START and STOP Conditions

Addressing Slave Protocol

Transmitting and Receiving Protocol
START BYTE Transfer Protocol.

25.2.2.1 START and STOP conditions

When the bus is idle, both the SCL and SDA signals are pulled high through external pull-up resistors
on the bus. When the master wants to start a transmission on the bus, the master issues a START
condition. This is defined to be a high-to-low transition of the SDA signal while SCL is 1. When the
master wants to terminate the transmission, the master issues a STOP condition. This is defined to
be a low-to-high transition of the SDA line while SCL is 1. Figure 59 shows the timing of the START
and STOP conditions. When data is being transmitted on the bus, the SDA line must be stable when
SCLis 1.

SDAT | .. B ] ]
soL 1] | N
- . . L P
. __.' Changeof Data : Data line Stable ‘Change of Data . - -
Start Condition Allowed Data Valid Allowed Stop Condition
Figure 59. START and STOP conditions
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NOTE

The signal transitions for the START/STOP conditions, as shown in Figure 59, reflect those observed at the
output signals of the Master driving the 12C bus. Care should be taken when observing the SDA/SCL signals
at the input signals of the Slave(s), because unequal line delays may result in an incorrect SDA/SCL timing
relationship.

25.2.2.2  Addressing slave protocol
There are two address formats: 7-bit address format and 10-bit address format.
7-bit Address Format

During the 7-bit address format, the first seven bits (bits 7:1) of the first byte set the slave address
and the LSB bit (bit 0) is the R/W bit as shown in Figure 60. When bit 0 (R/W) is set to 0, the master
writes to the slave. When bit 0 (R/W) is set to 1, the master reads from the slave.

MSB LSB

S | A6 | A5| A4| A3 | A2| A1 | A0 | R/W|ACK

[
| | sent by slave
Slave Address

S = START condition ACK = Acknowledge R/W = Read/Write Pulse

Figure 60. 7-bit address format

10-bit Address Format

During 10-bit addressing, two bytes are transferred to set the 10-bit address. The transfer of the first
byte contains the following bit definition. The first five bits (bits 7:3) notify the slaves that this is a 10-
bit transfer followed by the next two bits (bits 2:1), which set the slaves address bits 9:8, and the LSB
bit (bit 0) is the R/W bit. The second byte transferred sets bits 7:0 of the slave address. Figure 61
shows the 10-bit address format, and Table 96 defines the special purpose and reserved first byte
addresses.

S|“1|1|1|1|0|A9|A8|R/W|ACK|A7|A6| A5| A4| A3| A2| A1| A0| ACK

I |
| |
Reserved for 10-bit sent by slave sent by slave

Address
S = START condition
R/W = Read/Write Pulse
ACK = Acknowledge

Figure 61. 10-bit address format

Table 96: 12C Definition of Bits in First Byte

Slave Address R/W Bits | Description

0000 000 0 General Call Address. I2C Controller places the data in the receive buffer
and issues a

General Call interrupt.

0000 000 1 START byte. For more details, see "START BYTE Transfer Protocol 0000
0000 001 X CBUS address. 12C Controller ignores these accesses
0000 010 X Reserved
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Slave Address R/W Bits | Description
0000 011 X Reserved
0000 1XX X High-speed master code. For more information, see "Multiple Master
Arbitration”
1111 1XX X Reserved
1111 OXX X 10-hit slave addressing

The 12C Controller does not restrict you from using these reserved addresses. However, if you use
these reserved addresses, you may run into incompatibilities with other I2C components.

25.2.2.3  Transmitting and receiving protocols

The master can initiate data transmission and reception to/from the bus, acting as either a master-
transmitter or master-receiver. A slave responds to requests from the master to either transmit data
or receive data to/from the bus, acting as either a slave-transmitter or slave-receiver, respectively.

Master-transmitter and slave-receiver

All data is transmitted in byte format, with no limit on the number of bytes transferred per data
transfer. After the master sends the address and R/W bit or the master transmits a byte of data to the
slave, the slave-receiver must respond with the acknowledge signal (ACK). When a slave-receiver
does not respond with an ACK pulse, the master aborts the transfer by issuing a STOP condition.
The slave must leave the SDA line high so that the master can abort the transfer.

If the master-transmitter is transmitting data as shown in Figure 62, then the slave-receiver responds
to the master-transmitter with an acknowledge pulse after every byte of data is received.

For 7-bit Address

S| Slave Address | R/W | A| DATA |A| DATA |A/A| P

|
‘0" (write)

For 10-bit Address

Slave Address | oan Slave Address N
S First 7 bits RIW | A Second Byte A| DATA |A/A| P
I |
“11110xxx’ ‘0" (write)

|:| From Master to Slave

A = Acknowledge (SDA low)

A = No Acknowledge (SDA high)
S = START Condition

I:l From Slave to Master P — STOP Condition

Figure 62. Master-transmitter protocol

Master-receiver and slave-transmitter

If the master is receiving data as shown in Figure 63 then the master responds to the slave-
transmitter with an acknowledge pulse after a byte of data has been received, except for the last
byte. This is the way the master-receiver notifies the slave-transmitter that this is the last byte. The
slave-transmitter relinquishes the SDA line after detecting the No Acknowledge (NACK) so that the
master can issue a STOP condition.

When a master does not want to relinquish the bus with a STOP condition, the master can issue a
RESTART condition. This is identical to a START condition except it occurs after the ACK pulse. The
master can then communicate with the same slave or a different slave.
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For 7-bit Address

S| Slave Address | RAW | A| DATA |A| DATA [A| P

For 10-bit Address

g | Slave Address [ pav [ 5 [ Slave Address | 5 | g,| Slave Address | gl AlDATAl 2] P

=

First 7 bits Second Byte First 7 bits
T | | |
“11110xxx’ ‘0" (write) “11110xxx" ‘1 (read)
[] From Master to Slave A = Acknowledge (SDA low) R = RESTART Condition

A = No Acknowledge (SDA high) P = STOP Condition

|:| From Slave to Master S = START Condition

Figure 63. Master-receiver protocol

START BYTE transfer protocol

The START BYTE transfer protocol is set up for systems that do not have an on-board dedicated 12C
hardware module. When the I12C Controller is addressed as a slave, it always samples the 12C bus at
the highest speed supported so that it never requires a START BYTE transfer. However, when 12C
Controller is a master, it supports the generation of START BYTE transfers at the beginning of every
transfer in case a slave device requires it. This protocol consists of seven zeros being transmitted
followed by a 1, as shown in Figure 64. This allows the processor that is polling the bus to under-
sample the address phase until O is detected. Once the microcontroller detects a 0, it switches from
the under-sampling rate to the correct rate of the master.

r— — 7 r— — 7
SDA ‘ dummy | |
| | acknowledge | |
scL_! | (HIGH) | |
- ACK s |
L — L — — 4

Figure 64. START BYTE transfer

The START BYTE procedure is as follows:

1. Master generates a START condition.
2. Master transmits the START byte (0000 0001).

3. Master transmits the ACK clock pulse. (Present only to conform with the byte handling format
used on the bus).

4. No slave sets the ACK signal to 0.
5. Master generates a RESTART (R) condition.

A hardware receiver does not respond to the START BYTE because it is a reserved address and
resets after the RESTART condition is generated.

25.2.3 Multiple master arbitration

The 12C Controller bus protocol allows multiple masters to reside on the same bus. If there are two
masters on the same 12C-bus, there is an arbitration procedure if both try to take control of the bus at
the same time by generating a START condition at the same time. Once a master (for example, a
microcontroller) has control of the bus, no other master can take control until the first master sends a
STOP condition and places the bus in an idle state.
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Arbitration takes place on the SDA line, while the SCL line is 1. The master, which transmits a 1
while the other master transmits 0, loses arbitration and turns off its data output stage. The master
that lost arbitration can continue to generate clocks until the end of the byte transfer. If both masters
are addressing the same slave device, the arbitration could go into the data phase. Figure 65 shows
the timing of when two masters are arbitrating on the bus.

For high-speed mode, the arbitration cannot go into the data phase because each master is
programmed with a unique high-speed master code. This 8-bit code is defined by the system
designer and is set by writing to the High-Speed Master Mode Code Address Register,
I2C_HS_MADDR. Because the codes are unique, only one master can win arbitration, which occurs
by the end of the transmission of the high-speed master code.

Control of the bus is determined by address or master code and data sent by competing masters, so
there is no central master or any order of priority on the bus.

Arbitration is not allowed between the following conditions:
e A RESTART condition and a data bit.

e A STOP condition and a data bit.
e A RESTART condition and a STOP condition.

Slaves are not involved in the arbitration process.

r— — 7
B — [ T . T U
DATA1 o A
| | MSB 1
| ‘ DATA1 loses arbitration
: : matching data
\ \
\
DATAZ | | MSB o
\ \
: : SDA mirrors DATA2
\ \
SDA | 1 MSB
\ \
| | v
S (N O e A e I e
\ \

ISDA lines up
with DATA1
START condition

Figure 65. Multiple master arbitration

25.2.4 Clock synchronization

When two or more masters try to transfer information on the bus at the same time, they must
arbitrate and synchronize the SCL clock. All masters generate their own clock to transfer messages.
Data is valid only during the high period of SCL clock. Clock synchronization is performed using the
wired-AND connection to the SCL signal. When the master transitions the SCL clock to 0, the master
starts counting the low time of the SCL clock and transitions the SCL clock signal to 1 at the
beginning of the next clock period. However, if another master is holding the SCL line to 0, then the
master goes into a HIGH wait state until the SCL clock line transitions to 1.

All masters then count off their high time, and the master with the shortest high time, transitions the
SCL line to 0. The masters then count out their low time. The one with the longest low time, forces
the other master into a HIGH wait state. Therefore, a synchronized SCL clock is generated, which is
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shown in Figure 66. Optionally, slaves may hold the SCL line low, to slow down the timing on the 12C
bus.

Wait State

;4—>; Start counting HIGH period

I H -
CLKBi

SCL 4|—4|— _____

SCL LOW transition I SCL transitions HIGH
Resets all CLKs to start I when all CLKs are in HIGH state
counting their LOW periods !

CLKA

f

Figure 66. Multiple master clock synchronization

25.3 Programming
To configure and use the 12C Controllers:

1. Set up the GPIOs to be used for the 12C interface (Px_yy MODE_REG|PID] = 14 to 15).

2. Configure I2C clock frequency.
For CLK_COM_REGJI2C_CLK_SEL] = 0 (DivN clock):

a. Standard mode (100 kbits/s) : 1I2C_CON_REG[I12C_SPEED] = 1.

b. Full-speed mode (400 kbits/s) : 12C_CON_REG[I2C_SPEED] = 2.

c. High-speed mode (<= 3.4 Mbit/s) : 12C_CON_REG[I2C_SPEED] = 3.
3. Set up the Controller as:

a. Master: 1I2C_CON_REG[I2C_MASTER_MODE] = 1 and
|2C_CON_REG[I2C_SLAVE_DISABLE] = 1.

b. Slave: 2C_CON_REG[I2C_MASTER_MODE] = 0 and
I2C_CON_REG[I2C_SLAVE_DISABLE] = 0.

4. Choose whether the controller starts its transfers in 7-bit or 10-bit addressing mode when acting
as a master (I2C_CON_REGJI2C_10BITADDR_MASTER]) or when acting as a slave, whether
the controller responds to 7-bit or 10-bit addresses (12C_CON_REG[I12C_10BITADDR_SLAVE]).

5. Set the target slave address in:

a. Master mode (1I2C_TAR_REGJ[IC_TAR] = 0x55 (default)).

b. Slave mode (12C_SAR_REG[IC_SAR] = 0x55 (default)).

Set threshold level on RX and TX FIFO (I2C_RX_TL_REG, I12C_TX_TL_REG).

Enable the required interrupts (I2C_INTR_MASK_REG).

Enable the I12C Controller by setting the CLK_COM_REGJ[I12C_ENABLE] bit.

Read a byte:

a. Prepare to transmit the read command byte (12C_DATA_CMD_REG[I2C_CMD] = 1).
b. Wait until TX FIFO is empty (I2C_STATUS_REG[TFE] = 1).

c. Wait until the master has finished reading the byte from slave device
(I2C_STATUS_REG[MST_ACTIVITY] = 0).

10. Write a byte:

a. Prepare to transmit the write command byte (12C_DATA_CMD_REGJ[I2C_CMD] =0 and
[2C_DATA_CMD_REGJI2C_DAT] = command byte).

b. Wait until TX FIFO is empty (12C_STATUS_REG[TFE] = 1).

© x© N o
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c. Wait until the master has finished reading the response byte from slave device
(I2C_STATUS_REGI[MST_ACTIVITY] = 0).

Datasheet Revision 3.0 Dec 28, 2023

CFR0011-120-00 192 of 498 © 2023 Renesas Electronics


file:///C:/DoxboxReports/D2522AA_reg_spec_20171201.html%23reg_517_map

DA14592 RENESAS

Multi-Core BLE 5.2 SoC with Embedded Flash Final

26 UART

26.1 Introduction
The DA14592 contains two instances of this block: UART and UART2.

UART and UART2 are compliant to industry-standard 16550 and are used for serial communication
with a peripheral. Data is written from a master (CPU) over the APB bus to the UART/2. It is
converted to serial form and transmitted to the destination device. Serial data is also received by the
UART/2 and stored for the master (CPU) to read back.

There is also DMA support on the UART blocks, so the internal FIFOs can be used. UART2 supports
hardware flow control signals (RTS, CTS).

Features
Dedicated 16 bytes Transmit and 16 bytes Receive FIFO for each UART
Hardware flow control and 9-bit mode support (CTS/RTS, UART2)

Shadow registers reduces software overhead and include a software programmable reset
Transmitter Holding Register Empty (THRE) interrupt mode

Functionality based on 16550 industry standard:

o Programmable character properties, such as number of data bits per character (5-8)
o Optional parity bit (with odd or even select) and number of stop bits (1, 1.5, or 2)

o Line break generation and detection

O Prioritized interrupt identification

m  Programmable serial data baud rate as calculated by the following: baud rate = (serial clock
frequency)/(16 x divisor) and the fractional part UART_DLF/16

m [SO7816 support (UART2).

UART
UART2
pelk —¢
FIFO
£ 4 Block
APB
APBBUS €=M | iotace
Register uart_int
Block
fs_n
Modem
cts_n > 2 Sync Sync
Block Block — Timeout
T Detector
T 1
Baud
Clock
uart_clk &
I
uart_rx —.I Serial Receiver lsanalT |-D uart_tx

Figure 67. UART block diagram
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26.2 Architecture

26.2.1 UART (RS232) serial protocol

Because the serial communication between the UART and the selected device is asynchronous,
additional bits (start and stop) are added to the serial data to indicate the beginning and end. Utilizing
these bits allows two devices to be synchronized. This structure of serial data accompanied by start
and stop bits is referred to as a character, as shown in Figure 68.

Bit Time
SerialData | Sta;]' Dafa bits

5-8 X Pafly / Swop” 1152\

[
)

One Character. ol

Y

Figure 68. Serial data format

An additional parity bit may be added to the serial character. This bit appears after the last data bit,
but before the stop bit(s) in the character structure. It provides the UART with the ability to perform
simple error checking on the received data.

The UART Line Control Register (UART_LCR_REG) is used to control the serial character
characteristics. The individual bits of the data word are sent after the start bit, starting with the least-
significant bit (LSB). These are followed by the optional parity bit, followed by the stop bit(s), which
canbe 1, 1.5, or 2.

All the bits in the transmission (with exception of the half-stop bit when 1.5 stop bits are used) are
transmitted for exactly the same time duration. This is referred to as a Bit Period or Bit Time. One Bit
Time equals 16 baud clocks. To ensure stability on the line, the receiver samples the serial input data
at approximately the mid-point of the Bit Time, once the start bit has been detected. As the exact
number of baud clocks that each bit was transmitted for is known, calculating the mid-point for
sampling is not difficult, that is every 16 baud clocks after the mid-point sample of the start bit. Figure
69 shows the sampling points of the first couple of bits in a serial character.

Besial Dela I\ Start /~ Dala Bit 0 [L5E) . Data Bit 1
" TRRRR— .- »
B 16 16

Figure 69. Receiver serial data sampling points

As part of the 16550 standard, an optional baud clock reference output signal (baudout_n) is
supplied to provide timing information to receiving devices that require it. The baud rate of the UART
is controlled by the serial clock (sclk or pclk in a single clock implementation) and the Divisor Latch
Register (DLH and DLL). Table 97 and Table 98 show the registers settings for common baud rate
values.

Table 97: UART/2 Baud Rate Generation on DIVN

Baud Rate Divider Divisor DLH Reg DLL Reg DLF Reg Actual BR Error %

(Note 1) Latch

1200 1666.667 | 1666.6875 | 6 130 11 1199.99 0.00

2400 833.333 833.3125 3 65 5 2400.06 0.00

4800 416.667 416.6875 1 160 11 4799.76 0.00
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Baud Rate Divider Divisor DLH Reg DLL Reg DLF Reg Actual BR Error %
(Note 1) Latch
9600 208.333 208.3125 0 208 5 9600.96 0.01
14400 138.889 138.875 0 138 14 14401.44 0.01
19200 104.167 104.1875 0 104 3 19196.16 0.02
28800 69.444 69.4375 0 69 7 28802.88 0.01
38400 52.083 52.0625 0 52 1 38415.37 0.04
57600 34.722 34.75 0 34 12 57553.96 0.08
115200 17.361 17.375 0 17 6 115107.91 0.08
230400 8.681 8.6875 0 8 11 230215.83 0.08
460800 4.340 4.3125 0 4 5 463768.12 0.64
921600 2.170 2.1875 0 2 3 914285.71 0.79
1000000 2 2 0 2 0 1000000 0.00

Note 1  Values are valid for UART CLK = 32 MHz (divN_clk).

Table 98: UART/2 Baud Rate Generation on Doubler

Baud Rate Divider Divisor DLH DLL Reg DLF Reg Actual BR Error
(Note 1) Latch Reg %
1200 3333.333 3333.3125 | 13 5 5 1200.01 0.00
2400 1666.667 1666.6875 | 6 130 11 2399.97 0.00
4800 833.333 833.3125 | 3 65 5 4800.12 0.00
9600 416.667 416.6875 1 160 11 9599.52 0.00
14400 277.778 277.75 1 21 12 14401.44 0.01
19200 208.333 208.3125 | O 208 5 19201.92 0.01
28800 138.889 138.875 0 138 14 28802.88 0.01
38400 104.167 104.1875 | 0O 104 3 38392.32 0.02
57600 69.444 69.4375 0 69 7 57605.76 0.01
115200 34.722 34.75 0 34 12 115107.91 0.08
230400 17.361 17.375 0 17 6 230215.83 0.08
460800 8.681 8.6875 0 8 11 460431.65 0.08
921600 4.340 4.3125 0 4 5 927536.23 0.64
1000000 4 4 0 4 0 1000000 0.00
3000000 1.333333333 | 1.3125 0 1 5 3047619.048 | 1.59

Note 1  Values are valid for CLK_COM_REG[UART/2_CLK_SEL] = 1 and sys_clk = 64 MHz. For
CLK_COM_REG[UART/2_CLK_SEL] = 0, see Table 97.

26.2.2 Clock support

The UART has two system clocks (pclk and sclk). Having the second asynchronous serial clock
(sclk) implemented, accommodates accurate serial baud rate settings, as well as APB bus interface
requirements.

With the two-clock design, a synchronization module is implemented for synchronization of all control
and data across the two system clock boundaries.
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A serial clock faster than four-times the pclk does not leave enough time for a complete incoming
character to be received and pushed into the receiver FIFO. However, in most cases, the pclk signal
is faster than the serial clock and this should never be an issue.

The serial clock modules must have time to see new register values and reset their respective state
machines. This total time is guaranteed to be no more than eight clock cycles of the slower of the two
system clocks. Therefore, no data should be transmitted or received before this maximum time
expires, after initial configuration.

26.2.3

Interrupts

The assertion of the UART interrupt (UART _INT) occurs whenever one of the several prioritized
interrupt types are enabled and active. The following interrupt types can be enabled with the IER

register:

Receiver Error

Receiver Data Available
Character Timeout (in FIFO mode only)
Transmitter Holding Register Empty at/below threshold (in Programmable THRE interrupt mode).

When an interrupt occurs, the master accesses the UART_IIR_REG to determine the source of the
interrupt before dealing with it accordingly. Table 99 shows these interrupt types in more detail.

Table 99: UART Interrupt Priorities

Interrupt ID Interrupt Set and Reset Functions
Bits [3-0] Priority | Interrupt Type Interrupt Source Interrupt Reset Control
0001 - None
0110 Highest | Receiver Line status | Overrun/parity/ framing errors | Reading the line status
or break interrupt. register.
0100 1 Receiver Data Receiver data available (non- | Reading the receiver
Available FIFO mode or FIFOs buffer register (non-FIFO
disabled) or mode or FIFOs disabled)
RCVR FIFO trigger level or the FIFO drops below
reached (FIFO mode and the trigger level (FIFO
FIFOs enabled). mode and FIFOs
enabled).
1100 2 Character timeout No characters in or out of the Reading the receiver
indication RCVR FIFO during the last buffer register.
four character times and there
is at least one character in it
during this time.
0010 3 Transmitter holding Transmitter holding register Reading the IIR register
register empty empty (Prog. THRE Mode (if source of interrupt); or,
disabled) or XMIT FIFO at or writing into THR (FIFOs
below threshold (Prog. THRE or THRE Mode not
Mode enabled). selected or disabled) or
XMIT FIFO above
threshold (FIFOs and
THRE Mode selected
and enabled).
0000 4 Reserved - -
0111 Lowest | Busy detect Line Control Register was Reading the UART status
written while the UART is register.
busy (RX or TX line is low).
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26.2.4 Programmable THRE interrupt

The UART can be configured to have a Programmable THRE Interrupt mode available to increase
system performance.

When Programmable THRE Interrupt mode is selected, it can be enabled via the Interrupt Enable
Register (IER[7]). When FIFOs and the THRE Mode are implemented and enabled, THRE Interrupts
are active at, and below, a programmed transmitter FIFO empty threshold level, as opposed to
empty, as shown in the flowchart in Figure 70.

Far the THRE interrupt fo be
controlled Bz shown hare, the
following must be true:

- FIFO_MODE != NONE

- THRE_MIODE == Enablad

- FIFOs enabled (FCRI0] = 1)

- THRE mada enakbled (IER[T] = 1

CLEAR IMTR

F

FIFO LEVEL=T
Empéy Trigger?

THRE Interrupt
Enabled?

Under the condition that ¥
SET INTR

thare ara no other pending
interrupte, the intarmupt
signal (intr) is esserted

Figure 70. Flowchart of interrupt generation for programmable THRE interrupt mode

This threshold level is programmed into FCR[5:4]. The available empty thresholds are: empty, 2, V4
and .. See UART_FCR_REG for threshold setting details. Selection of the best threshold value
depends on the system's ability to begin a new transmission sequence in a timely manner. However,
one of these thresholds should prove optimum in increasing system performance by preventing the
transmitter FIFO from running empty.

In addition to the interrupt change, Line Status Register (LSR[5]) also switches function from
indicating transmitter FIFO empty, to FIFO full. This allows software to fill the FIFO each transmit
sequence, by polling LSR[5] before writing another character. The flow then becomes, "fill transmitter
FIFO whenever an interrupt occurs and there is data to transmit", instead of waiting until the FIFO is
completely empty. Waiting until the FIFO is empty, causes a performance hit whenever the system is
too busy to respond immediately.

Even if everything else is selected and enabled, if the FIFOs are disabled via FCR[0], the
Programmable THRE Interrupt mode is also disabled. When not selected or disabled, THRE
interrupts and LSR[5] function normally (both reflecting an empty THR or FIFO). Figure 71 shows the
flowchart of THRE interrupt generation, when not in programmable THRE interrupt mode.
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For the THRE interrupt to be
controlled as shown here, ona or
mare of the following must be trua:
- FIFO_MODE = NONE

- THRE_MODE == Disabled

- FIFO= disabled (FCR[D] == 0}

- THRE mode disabled (IER[7] ==0)

CLEAR INTR + 4

THRE Intermupt
Enabled?

Under the condition that v
thare ara no other pending
interrupts, the inbermupt
signal (infr) is asserted

Figure 71. Flowchart of interrupt generation when not in programmable THRE interrupt mode

26.2.5 Shadow registers

The shadow registers shadow some of the existing register bits that are regularly modified by
software. These can be used to reduce the software overhead that is introduced by having to perform
read-modify-writes.

e UART_SRBR_REG supports a host burst mode where the host increments its address, but still
accesses the same Receive buffer register.

e UART_STHR supports a host burst mode where the host increments its address, but still
accesses the same transmit holding register.

e UART_SFE_REG accesses the FCRJ[0] register without accessing the other UART_FCR_REG
bits.

e UART_SRT_REG accesses the FCR[7-6] register without accessing the other UART_FCR_REG
bits.

e UART_STER_REG accesses the FCR[5-4] register without accessing the other
UART_FCR_REG bits.

26.2.6 Direct test mode

The on-chip UARTSs can be used for the Direct Test Mode required for the final product PHY layer
testing. It can be done either over the HCI layer, which engages a full CTS/RTS UART or using a 2-
wire UART directly as described in the Bluetooth® Low Energy Specification (Volume 6, Part F).

26.3 Programming
To configure and use the UART controllers:

1. Set up the GPIOs to be used for the UART interface (Px_yy MODE_REGIPID] = 1 to 6).
2. Select the UART clock (CLK_COM_REG[UART/2_CLK_SEL])).
3. Enable the selected UART by setting the CLK_COM_REG[UARTx_ENABLE] bit.
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Enable access to Divisor Latch Registers (DLL and DLH) by setting the
UARTx_LCR_REG[UART_DLAB] bit.

Set the desired baud rate. To calculate the registers values for the desired baud rate, use the
formula: Divisor = UART CLK / (16 x Baud rate).

a. UARTx_IER_DLH_REG: High byte of the Divisor integer part.

b. UARTx_RBR_THR_DLL_REG: Low byte of the Divisor integer part.

c. UARTx_DLF_REG: The fractional part of the Divisor.

Configure the brake control bit, parity, number of stop bits and data length (UARTx_LCR_REG).
Enable and configure the FIFO (UARTx_IIR_FCR_REG).

Configure the generated interrupts, if needed (UARTx_IER_DLH_REG).

Send a byte:

a. Check if Transmit Hold Register (THR) is empty (UARTX_LSR_REG[UART_THRE]).

b. Load the byte to THR (UARTx_RBR_THR_DLL_REG).

c. Check if the byte was transmitted (UARTX_LSR_REG[UART_TEMT)).

10. Receive a byte:

a. Wait until serial data is ready (UARTX_LSR_REG[UART_DRY]).
b. Read the incoming byte from the THR (UARTx_RBR_THR_DLL_REG).
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27 Smart Card Interface

27.1 Introduction

The DA14592 features a Smart Card interface implemented using the UART2 block. The UART2
block supports asynchronous protocol smartcards as defined in the ISO 7816-3 (Class B and C)
standard.

Features
m ISO/IEC 7816-3 (Class B and C) compliant
m  UART line with flow control signals
m Interrupt line
m  DMA support
m An error signal support with indication for character repetition
m Inverse and direct convention
m  Guard time.
APB i/f 1507816

APB slave
Is07816_en

Iso7816_en

\l > j Uart2_tx
Uart2_rx ‘q’

1SO7816 g > >
Timer / Guart Time |S°78164>— ata

UART2 1507816_en
Iso7816_en w ISO_DATA
1507816 Uart2_cts ,J Err_signal
Error Signal core > GT cts
Err_signal = »

1507816 ISO_CLK
Clk generation g

Figure 72. Smart card (1ISO7816-3) block diagram
27.2 Architecture

27.2.1 1S0O7816-3 clock generation

The 1ISO7816-3 block operates on a system-based clock with a 50% duty cycle. The clock frequency
is calculated using the formula:

Fscud/[2 * (UART2_CTRL_REG[ISO7816_CLK_DIV] + 1)]

The UART2_CTRL_REG[ISO7816_CLK_DIV] value can be updated at any time, whether the
ISO7816-3 clock is enabled or not. The operation of the clock can be checked at any given time by
polling the UART2_CTRL_REG[ISO7816_CLK_STATUS] bit and disabled by clearing the
ISO7816_CLK_EN[ISO7816_CLK_EN] bit. The UART2_CTRL_REG[ISO7816_CLK_LEVEL] reflects
the logical level of the clock while it has been disabled.
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27.2.2 1SO7816-3 timer — guard time

The 1ISO7816-3 block is equipped with an ISO7816-3 Timer/Guard Timer and can operate in two
modes:

e UART2_TIMER_REG[ISO7816_TIM_MODE] = 0.
The timer is clocked with the clock of the ISO7816 module and starts when
UART2_TIMER_REG[ISO7816_TIM_EN] = 1. It counts from 0 to
UART2_TIMER_REG[ISO7816_TIM_MAX] value. The value of the timer can be read from
UART2_TIMER_REG[ISO_TIM_MAX] register field.
At the point where the top value is reached, the timer stops and
UART2_IRQ_STATUS_REG[ISO7816_TIM_EXPIRED_IRQ] is set. If the
UART2_CTRL_REG[ISO7816_TIM_EXPIRED_IRQMASK] is 1, an interrupt is generated. The
interrupt is cleared when UART2_TIMER_REG[ISO7816_TIM_EN] is set.

e UART2_TIMER_REG[ISO7816_TIM_MODE] = 1.
The timer is clocked with the 1/16 of the UART bit clock (1/16 etu). If the UART fractional divider
has been set, the 1/16 of the UART bit clock does not have a fixed value. If the
UART2_TIMER_REG [ISO7816_TIM_EN] bit is set, the timer starts counting from 0 to
UART2_TIMER_REG[ISO_TIM_MAX] value, each time a start bit is transmitted by the UART.
If the UART2_TIMER_REGI[ISO_TIM_MAX] value is set equal to 16*GuartTime-1, the timer
counts the minimum delay between the leading edges of two consecutive characters (Guard
time). In case of no FIFO mode and GT>12 etu, the expiration of the timer indicates that the
module is allowed to send the next character (Guard Time elapsed). In case of FIFO mode and
GT>12 etu, the UART2_CTRL_REG[ISO7816_AUTO_GT] bit can be set so the module is able to
send the next character automatically each time the Guard Time is reached.

27.2.3 1SO7816-3 error detection

The 1ISO7816-3 block is designed to support the functionality described in section 7.3 of ISO7816-3
specification document.

Transmit phase

The transmitter checks the 1ISO7816 data level for 11 etu sampling time after a character’s leading
edge is detected. The module samples the data line at 11 etu time and creates two types of
interrupts:

e TheISO7816 ERR_TX_TIME_IRQ interrupt is created each time a character is sent.

e ThelSO7816_ERR_TX_VALUE_IRQ interrupt is created each time the receiver sends an error.

The software must check if an ISO7816_ERR_TX_VALUE_IRQ interrupt is generated to retransmit
the character. The IRQs are generated at the same time.

Receive phase

The receiver holds the data line level Low between 1 etu (minimum) and 2 etu (maximum) at 10.5 etu
time. The error detection circuit uses the UART parity check and creates an error signal to the
transmitter at the proper time. The error signal pulse width and offset can be configured using the
UART2_ERR_CTRL_REG register. Furthermore, the 1ISO7816-3 block can hold the UART_RXx signal
High during the error signal transmitting to prevent UART errors from happening.

27.3 Programming
To configure the Smart Card Controller:

1. Set up the GPIOs to be used for the ISO7816-3 interface (Px_yy MODE_REG[PID] = 7 to 8).
Reset (output) and card insert (input) signals shall be configured as GPIOs
(Px_yy_MODE_REGIPID] = 0).

2. Enable UART?2 by setting the CLK_COM_REG[UART2_ENABLE] bit.

3. Setup UART2 clock (CLK_COM_REG[UART2_CLK_SEL]).

4. Enable the ISO7816-3 module by setting the UART2_CONFIG_REG[ISO7816_ENABLE] bit.
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5. Set up the ISO7816-3 clock (UART2_CTRL_REG[ISO7816_CLK_DIV]).
6. Initialize UART2 as follows:

a. Configure FIFO, if needed (UART2_IIR_FCR_REG, UART2_SRT_REG,
UART2_STET_REG, UART2_SFE_REG). Note that if Error detection is enabled, the TX
FIFO shall remain disabled.

b. Configure ISO7816 convention.
7. Select data length (UART2_LCR_REG[UART_DLS]):
a. Select the number of stop bits (UART2_LCR_REG[UART_STOP)).
b. Enable/disable parity (UART2_LCR_REG[UART_PEN]).
c. Select even or odd parity (UART2_LCR_REG[UART_EPS]).
d

If needed, enable Error detection (UART2_CONFIG_REG[ISO7816_ERR_SIG_EN]) and
configure the error pulse width and offset (UART2_ERR_CTRL_REG).

e. Select direct/inverse convention (UART2_CONFIG_REG[ISO7816_CONVENTION]).

8. Configure the baud rate. To calculate the registers values for the desired baud rate, use the
formula: Divisor = Fi * (1ISO7816_CLK_DIV + 1)/(8 * Di). For Fi and Di values, see ISO/IEC 7816-
3 Standard Specification, table 7 and table 8:

a. Enable access to the Divisor Latch register: UART2_LCR_REG[UART_DLAB] = 1.
Set the High byte of the Divisor integer part (UART2_IER_DLH_REG).
Set the Low byte of the Divisor integer part (UART2_RBR_THR_DLL_REG).
Set the fractional part of the Divisor (UART2_DLF_REG).
. Configure the generated interrupts, if needed (UART2_CTRL_REG).
9. Send a byte:
a. Set up the Guard Timer (UART2_TIMER_REG).

b. Incase TX FIFO is enabled, check if FIFO is full (UART2_USR_REG[UART_TFNF]) or check
if Transmit Hold Register (THR) is empty (UART2_LSR_REG[UART_THRE]).

c. Load the byte to THR (UART2_RBR_THR_DLL_REG).
d. Check if the byte was transmitted (UART2_LSR_REG[UART_TEMT)).
10. Receive a byte:
a. Set up the Wait Time (UART2_TIMER_REG).
b. Wait until serial data is ready (UART2_LSR_REG[UART_DRY]) or timer expiration.
c. Read the received byte from the THR (UART2_RBR_THR_DLL_REG).

®aoo0cCo

Datasheet Revision 3.0 Dec 28, 2023

CFR0011-120-00 202 of 498 © 2023 Renesas Electronics



DA14592 RENESAS

Multi-Core BLE 5.2 SoC with Embedded Flash Final

28 SPI Interface

28.1 Introduction

This controller implements the Serial Peripheral Interface (SPI™)! for Master and Slave modes. The
serial interface can transmit and receive from four to up to 32 bits in Master/Slave mode. The
controller comprises separate TX and RX FIFOs and DMA handshake support. Slave mode clock
speed is independent from the system clock speed. Moreover, master's clock speed can be as fast
as the system's clock speed. The controller can generate an interrupt upon data threshold reached in
the TX or RX FIFOs.

Features
m Slave and Master mode.
m  From 4-bit to up to 32-bit operation.
m SPI Master clock line speed up to 32 MHz.
m SPImode 0, 1, 2, and 3 support (clock edge and phase).
m Built-in separate 8-bit wide and 4-byte deep RX/TX FIFOs for continuous SPI bursts.
m Maskable interrupt generation based on TX or RX FIFO thresholds.
= DMA support.
APB
- >
INTERRUPT = — -———r-——f ==~ |
i / i
DMA_TX_REQ |-¢——
DMA_RX_REQ <—— TX fifo BX ﬂf_o Configuration
8bits width 8bits width registers
DMA_TX_ACK —P X depth Y depth
DMA_RX_ACK ——P»
Spi core
TX shift RX shift
register register ¢ i i
3 2 g8s
(0]
>
Q
=2
o
Figure 73. SPI block diagram
1 SPl is a trademark of Motorola, Inc.
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28.2 Architecture

The SPI controller is an APB peripheral operating on the apb_clk clock. It contains a front end which
is clocked by the spi_clk clock and is responsible for the serialization/deserialization of the data in the
RX and TX streams.

Two separate FIFOs, each of eight bits wide and four bytes deep, are used to store data for RX and
TX streams. Since a SPI word can be configured to be from four bits to up to 32 bits, one to four
FIFO positions can be written/read at the same time. FIFOs contain logic implementing
programmable thresholds comparison.

The SPI controller supports DMA requests and interrupt generation based on the FIFO thresholds. If
enabled, a DMA request and/or interrupt is asserted with whether TX_FIFO level is low or RX_FIFO
level is high.

The SPI interface supports all four modes of operation and Table 100 shows the corresponding
polarity (CPOL) and phase (CPHA) of the SPI clock (SPI_CLK).

Table 100: SPI Modes Configuration and SCK States

SPI Mode CPOL CHPA TX SPI_CLK RX SPI_CLK Idle SPI_CLK
0 0 0 Falling edge Rising edge Low
1 0 1 Rising edge Falling edge Low
2 1 0 Rising edge Falling edge High
3 1 1 Falling edge Rising edge High

To read from or to write to an external single byte Flash device in the SPI Master mode, a byte swap
mechanism is implemented to allow for a proper placement of the bytes in a 16-bit word for the DMA
to write to/read from the internal RAM. More specifically, when the SPI controller is configured as a
master with DMA support and a 16-bit word width so that the bus utilization is increased compared to
reading from an 8-bit device, the byte swap mechanism brings the least significant byte read and
place it in the most significant byte in the 16-bit word. The controller automatically swaps the bytes to
allow for placing the first byte read in the least significant byte of the 16-bit word. This feature is
programmable via SPI_CTRL_REG[SPI_SWAP_BYTES].

The SPI controller can operate at the highest speed (32 MHz on the SPI_CLK line) in a special
Master mode. The clock of the controller is then either the XTAL32M or the RC32M and can be used
for fast booting from external Flash devices that support this frequency.

28.2.1 SPItiming

Figure 2 shows the timing of the SPI interface when the SPI controller is in Slave mode.
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Figure 74. SPI Slave mode timing (CPOL =0, CPHA =0)
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Table 101: SPI Timing Parameters

Parameter Description Typ Unit
tckPER spi_clk clock period No constraints ns
tesst CS active time before the first edge of spi_clk 1 spi_clk cycle

tcsHoLp CS non-active time after the last edge of spi_clk 1 spi_clk cycle

tmosT Master input data latching setup time 5 ns
tmoHoLD Master input data hold time 0 ns
tsopeL Slave output data delay 15 (Note 1) ns

Note 1  Typical conditions with VDDIO = 1.8 V, VDD = 0.9 V, and 15 pF load.
28.3 Programming

28.3.1 Master mode

To configure the SPI controller in Master mode:

1. Setthe appropriate GPIO ports in SPI clock mode (output), SPI Chip Select mode (output), SPI
Data Out mode (output), and SPI Data In mode (input).

2. Enable SPI clock by setting CLK_COM_REG[SPI_ENABLE] = 1.

Reset SPI FIFO by setting SPI_CTRL_REG[SPI_FIFO_RESET] = 1.

4. Set the SPI clock frequency by programming SPI_CLOCK_REG[SPI_CLK_DIV]. If SPI_CLK_DIV
is not equal to Ox7F, SPI_CLK = module_clk/2 x (SPI_CLK_DIV + 1). If SPI_CLK_DIV = 0x7F,
SPI_CLK = module_clk.

5. Set the SPI mode (CPOL or CPHA) by programming SPI_CONFIG_REG[SPI_MODE].

6. Setthe SPI controller in Master mode by setting SPI_CONFIG_REG[SPI_SLAVE_EN] = 0.

7. Define the SPI word length (from 4-bit to 32-bit) by programming
SPI_CONFIG_REG[SPI_WORD_LENGTH]. SPI_WORD_LENGTH = word length - 1.

To execute a SPI Read/Write command:

w

1. Itis possible to configure the SPI module to capture data at the next clock edge when the slave
device does not produce the data at the correct clock edge by setting:
SPI_CTRL_REG[SPI_CAPTURE_AT_NEXT_EDGE] = 1. Otherwise, set
SPI_CTRL_REG[SPI_CAPTURE_AT_NEXT_EDGE] = 0.

Release FIFO reset by setting SPI_CTRL_REG[SPI_FIFO_RESET] = 0.

Enable SPI TX path by setting SPI_CTRL_REG[SPI_TX_EN] = 1.

Enable SPI RX path by setting SPI_CTRL_REG[SPI_RX_EN] = 1.

Enable the SPI chip select by programming the SPI_CS_CONFIG_REG[SPI_CS SELECT]=1
or 2. This option allows the master to select the slave that is connected to the GPIO that has the
function of SPI_EN or SPI_EN2. (Additionally, setting SPI_CS_CONFIG_REG[SPI_CS_SELECT]
= 4 allows any GPIO to operate as chip select. The transmission is activated when this GPIO is
set low using the Px_yy DATA_REG or Px_yy RESET_DATA_REG)

6. Enable the SPI controller by setting SPI_CTRL_REG[SPI_EN] = 1.

7. Write to TX FIFO by programming SPI_FIFO_WRITE_REG[SPI_FIFO_WRITE]. Write access is
permitted only when SPI_FIFO_STATUS_REG[SPI_TX_FIFO_FULL] =0.

8. Read from RX FIFO by programming SPI_FIFO_READ_REG[SPI_FIFO_READ]. Read is
permitted only when SPI_FIFO_STATUS REG[SPI_RX_FIFO_EMPTY] = 0.

9. To disable the SPI chip select, set SPI_CS CONFIG_REG[SPI_CS_ SELECT] =0 to deselect
the slave and set SPI_CTRL_REG[SPI_FIFO_RESET] = 1 to reset the SPI FIFO (if
SPI_CS_CONFIG_REGI[SPI_CS_SELECT] =4 is used, the slave is deselected by setting the
respective GPIO to high).

a bk wnDn
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28.3.2 Slave mode

To configure the SPI controller in Slave mode:

1.

o0k~ wN

Set the appropriate GPIO ports in SPI clock mode (input), SPI Chip Select mode (input), SPI
Data Out mode (output), and SPI Data In mode (input). The
SPI_CS_CONFIG_REG[SPI_CS_SELECT] bitfield must be set to 1 and the selected GPIO PID
should be set to 12 (SPI_EN).

Enable SPI clock by setting CLK_COM_REG[SPI_ENABLE] = 1.

Reset SPI FIFO by setting SPI_CTRL_REG[SPI_FIFO_RESET] = 1.

Set the SPI mode (CPOL or CPHA) by programming SPI_CONFIG_REG[SPI_MODE].

Set the SPI module in slave controller by setting SPI_CONFIG_REG[SPI_SLAVE_EN] = 1.

Define the SPI word length (from 4-bit to 32-bit) by programming
SPI_CONFIG_REG[SPI_WORD_LENGTH]. SPI_WORD_LENGTH = word length - 1.

To execute a SPI Read/Write command:

a bk wn

Set SPI FIFO in normal operation by setting SPI_CTRL_REG[SPI_FIFO_RESET] = 0.
Enable SPI TX path by setting SPI_CTRL_REG[SPI_TX EN] = 1.

Enable SPI RX path by setting SPI_CTRL_REG[SPI_RX_EN] = 1.

Enable the SPI controller by setting SPI_CTRL_REG[SPI_EN] = 1.

Write the first data byte directly to TX buffer by programming the
SPI_TXBUFFER_FORCE_L_REG[SPI_TXBUFFER_FORCE_L].

Write the rest of the data to TX FIFO by programming
SPI_FIFO_WRITE_REG[SPI_FIFO_WRITE]. Write access is permitted only if
SPI_FIFO_STATUS_REGI[SPI_TX_FIFO_FULL] =0.

Read from RX FIFO by programming SPI_FIFO_READ_REG[SPI_FIFO_READ]. Read is
permitted only if SPI_FIFO_STATUS_REG[SPI_RX_FIFO_EMPTY] = 0.
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29 Quadrature Decoder

29.1 Introduction

The DA14592 has an integrated Quadrature decoder that can automatically decode the signals for
the X, Y, and Z axes of a HID input device, reporting step count and direction. It can also be
programmed to simply count rising/falling edges on any of the channel pairs. This block can be used
to wake up the chip as soon as there is a movement from the connected external device. Figure 75
shows the block diagram of the quadrature decoder.

Features

m Three 16-bit signed counters that provide the step count and direction on each of the axes (X, Y,
and Z) and one 8-bit counter counting the overall edges from all the three counters.

m Programmable system clock sampling at a maximum of 32 MHz.
m APB interface for control and programming.
m  Programmable source from the GPIOs.
m Digital filter on the channel inputs to avoid spikes.
APB Interface
Register File :
QD_CHA_X gg 16-bit Counter
QD_CHB_X eg (X Axis)
QD_CHA_Y w5 16-bit Counter
QD_CHB_Y eg (Y Axis)
QD_CHA_Z w5 16-bit Counter
QD _CHB_Z e g (Z Axis)
QUADDEC_IRQ
Interrupt Generator ——1—>»
Figure 75. Quadrature decoder block diagram
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29.2 Architecture

Channels are expected to provide a pulse train with 90 degrees rotation as shown in Figure 76 and
Figure 77.

QD_CHA_X ‘ ‘ ‘ ‘ ‘ ‘
QD_CHB_X

Figure 76. Moving forward on axis X
QD_CHA_X
wowex_ || || L

Figure 77. Moving backwards on axis X

Depending on whether channel A or channel B is leading in phase, the quadrature decoding block
calculates the direction on the related axis. Furthermore, the signed counter value represents the
number of steps moved.

You can choose which GPIOs to use for the channels by programming the QDEC_CTRL2_REG
register. The block supports two modes of operation: quadrature counting and edges counting. The
guadrature counting mode reads the patterns of successive pulses as in Figure 76 and Figure 77,
while the edges counting mode simply counts all positive and negative edges on any of the two
channels of a pair.

NOTE

If two edges happen at the same time, the counter only counts one.

The digital filter eliminates spikes shorter than three clock periods. It is followed by an edge detection
circuitry as shown in Figure 78.

r— " — T /=" e ' QDEC_CHx_EVENT_MODE
JQ | | i>
I P —— K || Cnt_dir 16bit Counter
ChA_x DQHDQHDQHDQ — || | X-Axis
| ’7
DCnt_en

R 7L7L7 1@ K 8hit Counter
ChB_x D QM D D QD Q- — || | QDEC_EVENT_CNT

| QDEC_CHy_EVENT_MODE

chm_dir
| 16bit Counter

Y-Axis

chm_enJ ZAN
|

ChA_y

ChB_y

LR

Digital Filtering & Edge Detection Quadrature decoders

Figure 78. Digital filtering and edge detection circuit
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A counter for its dedicated axis holds the movement events of the channels. When a channel is
disabled, the counter is reset. The counters are accessible through the APB bus.

QDEC_EVENT_CNT gathers all edges on all channels regardless of the mode of operation. If two
edges happen at the same time, this counter only is increased by one.

The quadrature decoder operates on the DIVN clock. The QDEC_CLOCKDIV register defines the
number of clock cycles during which the decoding logic samples the data on the channel inputs. The
division is automatically disabled when the system goes to sleep. In sleep, the quadrature decoder
operates on the RCLP clock.

29.3 Programming
To program the quadrature decoder for actual quadrature counting or edge counting:

1. Enable the clock of the block by writing at CLK_AMBA_REG[QDEC_CLK_ENABLE].
2. Configure the clock frequency by configuring the QDEC_CLOCKDIV_REG.

3. Define which pin pairs represent the different channels for the X, Y, and Z axes or the GPIOs
from which the edges are counted. Configure such information at QDEC_CHX_PORT_SEL,
QDEC_CHY_PORT_SEL, and QDEC_CHZ_PORT_SEL registers.

4. Configure the interrupt threshold upon which an interrupt is generated at
QDEC_CTRL_REG[QDEC_IRQ_THRES]. Note that the interrupt threshold is based on the value
of QDEC_EVENT_CNT_REG that keeps on counting after the interrupt is generated.

5. Define the mode of operation by configuring the respective QDEC_CHx_EVENT_MODE field in
QDEC_CTRL2_REG.

6. Wait for the interrupt and then read X, Y, and Z values at QDEC_XCNT_REG,
QDEC_YCNT_REG, and QDEC_ZCNT_REG (in the quadrature counting case) or the
QDEC_EVENT_CNT_REG (in the edges counting case).

7. Clear the interrupt (by writing at QDEC_CTRL_REG[QDEC_IRQ_STATUS]) and the edge
counter (by writing at QDEC_CTRL_REG[QDEC_EVENT_CNT_CLR) if needed.

Datasheet Revision 3.0 Dec 28, 2023

CFR0011-120-00 209 of 498 © 2023 Renesas Electronics



DA14592 RENESAS

Multi-Core BLE 5.2 SoC with Embedded Flash ~ Final

30 Real Time Clock

30.1 Introduction

The DA14592 is equipped with a Real Time Clock (RTC) that provides complete clock and calendar
information with automatic time units' adjustment and easy configuration.

Features

Complete time of day clock: 12/24 hour, hours, minutes, seconds, and hundredths.

m Calendar function: day of week, date of month, month, year, century, leap year compensation,
and year 2000 compliant.
m Alarm function: month, date, hour, minute, second, and hundredths resolution.
m Eventinterrupt on any calendar or time unit.
m Available during sleep.
m  Granularity of 10 ms.
Counters
‘ ’ a 1/100th
2
— ol > 1]
o2
& second
— ] cc - time_o
* -
minute
- Y
| 5 >
N
= hour
2 >
. = Event pdc_o
> ' ' Controller >
date day
month calendar_o
clk_ent >
Y
standby_pclk . year
* interrupt_o
century

Figure 79. Real time clock block diagram

30.2 Architecture
Figure 79 shows the architecture of the Real Time Clock.

The RTC supports a year range from 1900 to 2999 as well as full month, date, minute, second, and
hundredth of second ranges. It also supports hour ranges of 0 to 23 (24-hour format), or 1 to 12 with
a.m./p.m. flag (12-hour format).

Alarms can be generated in two ways: as a one-time alarm, or as a recurring alarm. In addition to
alarms, the RTC can detect when a particular event occurs. Each field of the calendar and time
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counter can generate an event when it rolls over. For example, an event can be generated every new
month, new week, new day, new half day (12-hour mode), new minute, or new second. Both alarms
and events can generate an interrupt. All the interrupts can be set, enabled, disabled, or masked at
any time.

The RTC block has been enhanced with RTC_EVENT_CONTROLLER which comprises a 13-bit
counter that counts down starting from a configurable value (programmed in
RTC_PDC_EVENT_PERIOD). This operation can be enabled/disabled by RTC_PDC_EVENT_EN.

Every time this counter reaches 0, a signal towards the PDC is asserted. The same signal is also
driven to the Cortex-M33 RTC_EVENT interrupt line. The signal is automatically de-asserted after
the RTC_PDC_EVENT_CLEAR_REG is read.

The counter is accessible by the Cortex-M33 CPU (RTC_PDC_EVENT_CNT_REG).

30.3 Programming
To configure the RTC:

1. Configure the 100 Hz RTC granularity if needed:

a. Based on the selected LP clock (for example, 32768 kHz), set the
CLK_RTCDIV_REGIRTC_DIV_INT] = 327 (= 0x147).
This value should be equal to the integer divisor part of the formula
FLp cik/100 = 327.680.

b. Based on the selected LP clock (for example, 32768 kHz), set the
CLK_RTCDIV_REG[RTC_DIV_FRAC] = 680 (= 0x2A8).
This value should be equal to the fractional divisor part of the formula
FLp cik/100 = 327.680.

c. To achieve better accuracy of the divisor, configure the denominator for the fractional division
accordingly (CLK_RTCDIV_REG[RTC_DIV_DENOM]).

d. Enable the 100 Hz RTC granularity by setting the CLK_RTCDIV_REG [RTC_DIV_ENABLE]
bit.

2. Enable the time functionality by clearing the RTC_CONTROL_REG[RTC_TIME_DISABLE].

3. Enable the calendar functionality by clearing the RTC_CONTROL_REG[RTC_CAL_DISABLE].
4. Choose between 12 or 24 hours based mode (RTC_HOUR_MODE_REG[RTC_HMS]).

5. Configure the time (RTC_TIME_REG).

6. Configure the date (RTC_CALENDAR_REG).

7. Setup atime alarm if needed (RTC_ALARM_ENABLE_REG).

8. Set up a calendar alarm if needed (RTC_CALENDAR_ALARM_REG).

9. Enable the configured alarms (RTC_ALARM_ENABLE_REG[RTC_ALARM_xxxx_EN]).

10. Configure the interrupt generation when an alarm happens (RTC_INTERRUPT_ENABLE_REG).

Disable the interrupt generation with RTC_INTERRUPT_DISABLE_REG.

11. Configure the event flag generation when an alarm happens (RTC_EVENT_FLAGS_REG).

12. Choose if software reset resets the RTC (RTC_KEEP_RTC_REG[RTC_KEEP]).

13. Set up the Event Controller to trigger the PDC:
a. Setup the event period (RTC_PDC_EVENT_PERIOD_REG[RTC_PDC_EVENT_PERIOD]).
b. Enable the PDC to trigger (RTC_EVENT_CTRL_REG[RTC_PDC_EVENT_EN]).
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31 General Purpose Timers

31.1 Introduction

The Timers block contains four identical 24-bit wide timers: Timer, Timer2, Timer3, and Timer4. They
are software controlled, programmable, and you can use them for various tasks. Timer, Timer2, and
Timer3 are in the timer power domain (PD_TIM), while Timer4 resides in the communications power
domain (PD_COM).

Features

Four 24-bit general purpose timers.

Pulse Width Modulated signal (PWM) per Timer block.

Two channels for the capture input triggered by GPIOs (timer has four channels).
One-shot pulse with programmable pulse width (only valid for Timer and Timer2).
5-bit clock pre-scaler.

Selectable system or sleep clock source.

Up/down counting capability with the free running mode.

Active while the system is in the Sleep mode.

Dedicated interrupt line per timer (timer supports one extra interrupt line for complex capture
events).

‘ PWM_DC (16b) ‘ ‘ PWM_FREQ (16b) ‘

| |

Comparators

/’\ PWM
Divn_clk
1

—‘ Prescaler (5b) '7 COUNTER (Up/Down)
Lp_clk

0

TIMER_CTRL_REG[TIM_SYS_CLK_EN]

TIMER_VALUE H TIM_RELOAD H CAPTURE_GPIO1

TIMER_STATUS GPIOs

CAPTURE_GPIO2 ‘

TIMER_CTRL
Capture Event

CLEAR_GPIO_EVENT

CAPTURE_GPIO4 ‘

GPIOs

CLEAR_IRQ H SHOT_WIDTH (24b) H g::;:li };

‘ GPIOX_CONF ‘ ‘ CAPTURE_GPIO3

TIMERX_IRQ :‘ RQ
CAPTIMER_IRQ Generator

Figure 80. General-purpose timer block diagram

31.2 Architecture

There are four instances of the same Timer block (Timer, Timer2, Timer3, and Timer4) in the system
with minor modifications between the instances. Figure 80 shows the timer block diagram. The only
differences between the actual instances:

e Timer, Timer2, and Timer3 are parts of the PD_TIM domain, while Timer 4 is a part of the
PD_COM power domain.

e Timer3 and Timer4 do not support the one-shot feature.
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e Timer supports four channels (GPIOs) for capturing events, while the rest supports two channels.
Timer also has a separate interrupt line dedicated to these channel activities.

e Timer and Timer2 can drive specific GPIOs, even when the system is in Sleep mode.

Each block has a configurable free-running up/down counter that operates either on the system clock
(sys_clk) or the low power clock (Ip_clk) with a 5-bit pre-scaler. This results in a minimum frequency
of 1 kHz and a maximum of 32 MHz.

Each block has a PWM generator which does not affect the actual timer running. The PWM
generator can define the frequency and the duty cycle of the generated PWM signal by further
dividing the clock by maximum (2%+1) resulting in a minimum speed of 0.5 kHz. A 16-bit PWM duty
cycle enables 256 steps for defining the pulse width. Only 50% duty cycle is possible for the
minimum PWM frequency.

Capturing an edge of a GPIO is another feature of the Timer block. Rising and falling edge detection
on any configurable GPIO can trigger a Timer’s snapshot stored in a separate register. Another (or
the same) GPIO can be configured for capturing a second edge, hence storing a second snapshot in
a second register. The difference of these two registers indicates the time distance of the two
triggering events, hence it can be used for measuring the frequency of a signal or the timing interval
between two interrupts coming from external devices.

One-shot is also supported. Upon a trigger configured as an input on a GPIO, another GPIO serves
as an output delivering a pulse of configurable width. This is basically a PWM reply in hardware.

Table 102 summarizes the supported Timers block features.

Table 102: Timers Block Features Overview

Feature Timer Timer2 Timer3 Timer4
Free-running counter v v v v
PWM generation v v v v
Edge detection counter v 4 v v
PWM when in sleep mode PO 12 PO _10 x x
Event capturing channels 4 2 2 2
Dedicated event capture IRQ 4 x x x
One-shot v v v v

There are specific GPIOs that can be configured to be input events to Timer block. Table 103
presents the actual configuration.

Table 103: Timers Block Input GPIOs

Timer Input Value GPIO
TIMER_GPIOX_CONF_REG 0-32 0: Disabled, 1-16: PO_0to PO_15, 17-32: P1_0to P1_15
TIMER2_GPIOx_CONF_REG 0-32 0: Disabled, 1-16: PO_0to PO_15, 17-32: P1_0to P1_15
TIMER3_GPIOx_CONF_REG 0-32 0: Disabled, 1-16: PO_0to PO_15, 17-32: P1_0to P1_15
TIMER4_GPIOX_CONF_REG 0-32 0: Disabled, 1-16: PO_0 to PO_15, 17-32: P1_0to P1_15

31.3 Programming
To program GP timers:

1. Clear TIMERXx_CTRL_REG and set the clock source:
a. LP Clock: TIMERXx _CTRL_REG = 0x00.
b. DivN Clock: TIMERx_CTRL_REG = 0x80.
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S

Clear pending Timer IRQs (TIMERx_CLEAR_IRQ_REG)

Enable the timer’s clock (TIMERx_CTRL_REG[TIM_CLK_EN]).

Select the timer’s pre-scaler (TIMERx_SETTINGS_REGI[TIM_PRESCALER])).
Set the timer reload or max value (or phase delay in one shot mode)

(TIMERX_SETTINGS_REG[TIM_RELOAD]).

o

Wait until TIMERx_STATUS_REG|TIM_TIMER_BUSY] is cleared

7. Select the timer's mode (TIMERx_CTRL_REG[TIM_ONESHOT_MODE_EN]).
a. One-shot mode (TIMER/TIMER2):

Set the shot phase duration (TIMER/2_SHOTWIDTH_REG).

Select the one-shot/primary capture event input (TIMER/2_GPIO1_CONF_REG) and
trigger polarity (TIMER/2_CTRL_REG[TIM_IN1_EVENT_FALL_EN]).

Select the secondary capture event input (TIMER/2_GPI102_CONF_REG) and trigger
polarity (TIMER/2_CTRL_REGI[TIM_IN2_EVENT_FALL_EN]).

b. Counter mode (all Timers):

Set the timer’s up/down direction (TIMERx_CTRL_REG[TIM_COUNT_DOWN_EN]).
Enable the free run mode if timer counts upwards by setting the
TIMERx_CTRL_REG[TIM_FREE_RUN_MODE_EN] bit.

Set up the capture events input (TIMERx_GPIOy_CONF_REG) and trigger polarity
(TIMERx_CTRL_REG[TIM_INx_EVENT_FALL_EN]). TIMER supports up to four capture
events inputs.

8. Select if event on the selected input GPIOs creates a CAPTIM interrupt
(TIMERX_CTRL_REG[TIM_CAP_GPIOy_IRQ_EN]).

9. Configure PWM:
a. Set up the frequency (TIMERx_PWM_FREQ_REG[TIM_PWM_FREQ]).
b. Configure the duty cycle (TIMERx_PWM_FREQ_REG [TIM_PWM_DC]).
c. Wait until TIMERXx_STATUS_REG[TIM_PWM_BUSY] is cleared
d

Set up GPIO as the timer’s output (Px_yy MODE_REG[PUPD] = 3, Px_yy MODE_REG|PID]
= 24 to 29, see PO_00_MODE_REG description).
TIMER and TIMER2 PWM outputs can be activated at specific pins (PO_12 and PO_10)
during sleep mode by setting the CLK_TMR_REG[TMRx_PWM_AON_MODE] bits.

10. Enable the timer’s interrupt by setting the TIMERx_CTRL_REG[TIM_IRQ_EN] bit.

11. Enable the timer by setting the TIMERXx_CTRL_REG[TIM_EN] bit.
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32 Watchdog Timers

32.1 Introduction

The DA14592 contains two watchdog timers:

e The System watchdog that is in the Sleep power domain.

e The CMAC watchdog that is in the radio power domain.

Final

They protect the system from getting stuck because of software problems in the application
processor (Cortex-M33), and in the CMAC area (Cortex-MO0+). They are clocked by internally
generated clocks, RC32/512K, or RCX.

CMAC watchdog is accessible by Cortex-M33 if the radio power domain is powered up.

Features
m System watchdog

o A 13-bit down-counter running on either RC32/512K or RCX further divides these clocks by
320 and can operate for 82 seconds or three minutes depending on the clock. 512 kHz are
automatically downscaled to 32 kHz.

O Internal programmable clock sources are RC32/512K or RCX, where RC32/512K is default. If
RCX is used as a sleep clock, RC32/512K might be turned off.

o Generates:

— NMI to Cortex-M33 if counter reaches 0.

— Hardware reset if counter reaches -16.
O Protected by a lock bit to avoid freeze by mistake.
o Automatically frozen when Cortex-M33 is in the debug mode.

m  CMAC watchdog

O A 13-bit down-counter running on the Ip_clk further divides this clock by 32.

o Generates:

— Early notification interrupt to Cortex-MO+ if counter reaches 16.
— CMAC2SYS_IRQ to Cortex-M33 if counter reaches 0.
— Hardware reset if the counter reaches -16.

O

]

Arm Cortex- M33
DEBUG-HALTED

Protected by a lock bit to avoid freeze by mistake.
Automatically frozen when Cortex-MO+ is in the debug mode.

WATCHDOG_REG

Bits[31:14] Bits[13:0]

WATCHDOG_CTRL REG
SET|
RESET

«——Cortex-M33
@—— HW Reset

WDOG_WEN WDOG_VAL

i
i
<=0 1 i
i
i
i

——e
1—e Freeze <16 __+o——» HW Reset
| <=-16 o
SET_FREEZE_REG ! + 0 i
[FRZ_SYS_WDOG] j | \(’gglt;f;?:gg;lxﬁ; |
| 1—e |
SEl ! <=0 _e—» NMI
! —e
RESET | 0
RESET_FREEZE_REG i
[FRZ_SYS_WDOG] NMI_RST ‘
10 ms
Figure 81. System watchdog block diagram
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32.2 Architecture

The system watchdog is supplied by the sleep power domain (PD_SLP) and is automatically enabled
as soon as the system powers up. It is decremented by one every 10 ms assuming the default
source clock is RC32/512K. You can access the timer value through the WATCHDOG_REG, which
is set to the max value at reset. This results in a maximum watchdog time-out of ~82 seconds. If the
RCX is used as a source clock, the time-out time is even longer depending on the RCX frequency.

During the write access, WATCHDOG_REG bits [31-14] must be 0. This provides extra filtering for a
software run-away writing all ones to WATCHDOG_REG. If the watchdog reaches 0, the counter
value gets a negative value setting bit 8. The counter sequence is 1, 0, 1FFF16 (-1), 1IFFE16(-2),
..,1FF016 (-16).

If WATCHDOG_CTRL_REG[NMI_RST] = 0, the watchdog timer generates an NMI to Cortex-M33
when the watchdog timer reaches 0 and a hardware reset when the counter becomes less or equal
to -16. The NMI handler must write any value > -16 to the WATCHDOG_REG to prevent the
generation of a WDOG reset within 16x10 = 160 ms.

If WATCHDOG_CTRL_REG[NMI_RST] = 1 and the watchdog timer becomes less or equal than 0,
the watchdog timer generates a WDOG reset.

The system watchdog can be frozen by Cortex-M33. It is always frozen automatically when the
debugger is attached, and the Cortex-M33 CPU is halted during debugging. However, even if the
watchdog is frozen by Cortex-M33, when Cortex-M33 gets into any sleep mode (PD_SYS is turned
off), the system watchdog is automatically resumed to operate during sleep.

The CMAC watchdog is basically the same circuit with the following amendments:
e |Itresides in the radio power domain (PD_RAD). It becomes active as soon as the radio power
domain is enabled.

e Its clock source is the block clock. A 1 ms period pulse is fed to the CMAC as an enable signal to
the watchdog counter. Hence, this watchdog can reach maximum 16 ms before reaching 0.

e It has one extra notification compared to the system watchdog:
o When 16 is reached, an interrupt is issued to the Cortex-M0+ (CMAC).
o  When 0 is reached, an interrupt is issued to the Cortex-M33.
o When -16 is reached, a hardware reset is triggered.

This watchdog is also automatically halted when the debugger is attached and the Cortex-MO+ is
halted during debugging.

32.3 Programming

32.3.1 System watchdog
To program the system watchdog timer:

Switch to the RCX clock as source if needed (CLK_RCX_REG[RCX_ENABLE]).

Freeze the watchdog by setting the SET_FREEZE_REG[FRZ_SYS_WDOG] bit (optionally).
Select NMI and reset events (WATCHDOG_CTRL_REG[NMI_RST)).

Wait until WATCHDOG_CTRL_REG[WRITE_BUSY] = 0.

Enable writing of the watchdog timer (WATCHDOG_REG[WDOG_WEN] = 0]).

Write the watchdog timer reload value (WATCHDOG_REG[WDOG_VAL], see register
description).

7. Resume the watchdog (RESET_FREEZE_REG[FRZ_SYS_WDOG] = 1), if frozen.

o gk whE
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32.3.2 CMAC watchdog

There is no specific sequence of steps for the CMAC watchdog since it gets automatically enabled.
Some general points:

The CMAC watchdog is automatically enabled when the radio power domain is activated.
e CMAC takes care of reloading the watchdog timer frequently. M33 intervention is not necessary.

M33 can freeze/unfreeze the CMAC watchdog (SET_FREEZE_REG[FRZ_SYS_ WDOG]) and
reload the watchdog timer (CM_WDOG_REG[CM_WDOG_CNT)) if needed.

e The CMAC watchdog automatically freezes when Cortex-MO+ is halted through SWD.

e When the system power domain is powered down, it is not possible to freeze the CMAC
watchdog with software.
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33 Input/Output Ports

33.1 Introduction

The DA14592 has a software-configurable input/output (I/O) pin assignment organized into ports Port
0 and Port 1.

Features

m 16 pins on each Port (Port 0 and Port 1, including M33_SWCLK, M33_SWDIO, CMAC_SWCLK,
and CMAC_SWDIO).

Fully programmable pin assignment (PPA).

Selectable pull-up and pull-down resistors of 25 kQ per pin.

Programmable open-drain functionality.

Pull-up voltage at VBAT or V18.

Pins can retain their last state when system enters in the Extended or Deep Sleep mode.

Peripheral X input
>I _| Px_DATA_REG (input)

PUPD

VBAT or YDDIO(V18)

Px_MODE_REG
PID

— <4—— Peripheral X output
PX_y g 4— Peripheral Youtput Px RESET DATA REG |
a }‘ - - -

L \4—' Px_DATA_REG (output)

Ei

VSs

Px_SET_DATA_REG |

Figure 82. Port PO and P1 with programmable pin assignment
33.2 Architecture

33.2.1 Programmable pin assignment

The programmable pin assignment (PPA) provides a multiplexing function to the 1/O pins of on-chip
peripherals. Any peripheral input or output signals can be freely mapped to any 1/O port bit by setting
Px_yy MODE_REG[5:0]

0x00 to 0x3B: Peripheral IO ID (PID)
Refer to the Px_yy MODE_REGs for an overview of the available PIDs. Analog, GPADC, and
SDADC signals have the fixed pin assignment to limit interference with the digital domain. The same

applies to Quadrature Decoder and QSPI RAM Controller signals. The M33_SWD interface is
mapped on PO_06 and PO_07, and the CMAC_SWD interface is mapped on PO_08 and PO_09.
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33.2.1.1 Priority

The firmware has the possibility to assign the same peripheral output to more than one pin. You must
make a unique assignment.

If you assign more than one input signals to a peripheral input, the left most pin in the lowest port pin
number has priority. For example, PO_00_MODE_REG has priority over PO_01_MODE_REG.
33.2.1.2 Direction control

The port direction is controlled by setting Pxy_MODE_REG[9:8].

In the output mode and analog mode, the pull-up/down resistors are automatically disabled.

33.2.2 General purpose port registers

The general-purpose ports are selected with PID = 0. The port function is accessible through
registers:

e Px_DATA_REG: Port data input/output register.
e Px SET OUTPUT_DATA_REG: Port set output register.
e Px RESET OUTPUT_DATA REG: Port reset output register.

33.2.2.1 Port data register
The registers input Px_DATA_REG and output Px_DATA_REG are mapped on the same address.

The data input register (Px_DATA_REG) is a read-only register. It returns the current state on each
port pin even if the output direction is selected, regardless of the programmed PID, and unless the
analog function is selected. In this case, it reads 0. The Cortex-M33 CPU can read this register at
any time even when the pin is configured as an output.

The data output register (Px_DATA_REG) holds the data to be driven on the output port pins. In this
configuration, writing to the register changes the output value.

33.2.2.2 Port set data output register

Writing 1 in the set data output register (Px_SET_DATA_REG) sets the corresponding output pin.
Writing O is ignored.

33.2.2.3 Port reset data output register

Writing 1 in the reset data output register (Px_RESET _DATA_ REG) resets the corresponding output
pin. Writing 0 is ignored.
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33.2.3 Fixed assignment functionality

There are certain signals that have a fixed mapping on specific general purpose 10s. Table 104 shows this assignment.

Table 104: Fixed Assignment of Specific Signals

GPIO SWD (Note 1) QSPI_RAM QUADDEC Clocks (Note 2) | Analog (Note 3) Special

PO_00 QSPI_CLK QD_XYZ_CHA

PO_01 QSPI_CS QD_XYZ_CHB

PO_02 QSPI_DO QD_XYZ_CHA

PO_03 QSPI_D1 QD_XYZ_CHB

PO_04 QSPI_D2 QD_XYZ_CHA

PO_05 QSPI_D3 QD_XYZ CHB

P0_06 M33_SWDIO

PO_07 M33_SWCLK

PO_08 MO_SWDIO QD_XYZ_CHA DIVN

PO_09 MO_SWCLK QD_XYZ_CHB

PO 10 QD_XYZ_CHA GPADC3 Timer2.PWM (Note 5)

SDADC3

PO_11 QD_XYZ_CHB XTAL32M Bangap_Enable (Note 4)

PO_12 PPA LP_CLK Timer.PWM (Note 5)

PO_13 UART Boot TX

PO_14 Hibernation wake up 1

PO_15 UART Boot RX
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GPIO SWD (Note 1) QSPI_RAM QUADDEC Clocks (Note 2) | Analog (Note 3) Special
P1 00 QD_XYZ_CHA PGA_Inp
GPADCO
SDADCO
P1 01 QD_XYZ_CHB PGA_Inm
GPADC1
SDADC1
P1 02 QD_XYZ_CHB RC32M GPADC2/SDADC2 WokenUp (Note 4)
P1 03 QD_XYZ_CHA
P1_04 QD_XYZ_CHA Hibernation wake up 2
P1_05 QD_XYZ_CHB GPADC4
SDADC4
SDADC_REFp
SDADC_INT_REF
P1 06 QD_XYZ_CHA GPADC5
SDADC5
SDADC_REFm
P1_07 QD_XYZ_CHB
P1_08 QD_XYZ_CHA
P1 09 QD_XYZ_CHB GPADC6
SDADC6
P1_10 QD_XYZ_CHA
P1 11 QD_XYZ_CHB GPADC7
SDADC7
P1 12 QD_XYZ_CHA
P1 15 QD_XYZ_CHB

Note 1  The SWD signals mapping is defined by SYS_CTRL_REG[DEBUGGER_ENABLE] and SYS_CTRL_REG[CMAC_DEBUGGER_ENABLE]. However, these signals
are mapped on the ports by default.
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Note 2  Enable specific clock outputs through GPIO_CLK_SEL_REG register.

Note 3 The ADC case can be selected by the PID bit field on the respective Px port.

Note 4 PMU_CTRL_REG[MAP_BANDGAP_EN].

Note 5 Timer.PWM and Timer.PWM2 signals are available during sleep (CLK_TMR_REG[TMR_PWM/2_AON_MODE]).
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33.2.4 GPIO state retention while sleeping

Before setting the system to any sleep modes, the state of the pads needs to be retained. It is done
to avoid external components being affected by the GPIOs changing states when the system goes to
sleep. Also, it is done to avoid any floating driving signals from shut-off power domains leading to
increasing power dissipation.

Always-on latches automatically latch the state of the pads by setting the corresponding
PAD_LATCH_EN bitin the Px_RESET_PAD_LATCH_REG. These bits latch the digital control
signals going into the pad and latch the data output separately for each pin. Hence, if the pad has
been set as an output driving high, it retains its precise state. Px_SET_PAD_LATCH_REG is used to
unlatch the pins.

Figure 83 and Figure 84 show the signals in red are latched.

vbD Px_MODE_REG[PUPD]
Input Enable * VBAT
7 vDDIO
25k
Vss
VDD \I Pullup
Open Drain * Enable *
Data * x PIN
Output Enable *
7,
vss I active ESD
Analog ESD E:!glc;"t" protection
protection 25k
D oo
Digital PADs for GPIO w/wo analog

Figure 83. Latching of digital pad signals

VoD CLK_AMBA_REG{QSFI_EMABLE] =1
J/] VBAT
{I vDDIO
vss
VoD
QSP1_SLEW[1:0] * \J\
Data * M
‘ PIN
GSP1_DRVI1:0] * ( * x
v 40K active ESD
profection
! . x GND
Digital PADs for QSPI
Figure 84. Latching of QSPI pad signals
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After the system waking up, the software must disable the latching by setting the corresponding
PAD_LATCH_EN bits of Px_PAD_LATCH_REG so that all pads can be accessed and controlled
again.

For QSPI pads, the QSPI controller overwrites the pad latching as soon as the clock of the controller
is enabled.

Note

The QSPI (GPIO) pads input voltage must not exceed VDDIO voltage level since there is no backdrive
protection on those pads.
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34 Radio

34.1 Introduction

The radio transceiver provides a 103 dB RF link budget for reliable wireless communications. All RF
blocks are supplied by on-chip low dropout regulators (LDOs). The bias scheme is programmable
and optimized for the minimum power consumption. Figure 85 shows the radio block diagram. It
comprises the Receiver, Transmitter, Synthesizer, RX/TX combiner block, and Biasing LDOs.

Features

Single-ended RFIO interface, 50 Q matched.
Alignment-free operation.

Configurable transmit output power.
Ultra-low power consumption.

Fast frequency tuning minimizes overhead.

® > I < I-ADC
® »| Filter { DEM
> Q-ADC
AAAA
RFIO CMAC

SYNTH

32X|\éHz 4 MOD
Lo

34.2 Architecture

Figure 85. Radio block diagram

34.2.1 Receiver

The RX front-end consists of a selective matching network, a low noise amplifier (LNA), and an
image rejection down the conversion mixer. The intermediate frequency (IF) part of the receiver
comprises a filter with a programmable gain. The AGC controls LNA and IF Filter gains. This
provides the necessary signal conditioning prior to digitalization. The digital demodulator block (DEM)
provides a synchronous bit stream.

34.2.2 Synthesizer

The RF synthesizer generates the quadrature LO signal for the mixer. It also generates the
modulated TX output signal. DCO runs at twice the required frequency, and a dedicated divide-by-
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two circuit generates the 2.4 GHz signals in the required phase relations. The reference frequency is
the 32 MHz crystal clock. The 2-point modulation performs the modulation of the TX frequency.

34.2.3 Transmitter

The RF power amplifier (RFPA) is an extremely efficient Class-D structure. It is fed by the VCO’s
divide-by-two circuit and it delivers its TX power to the antenna pin through the combined RX/TX
matching circuit.

34.2.4 RFIO

The RX/TX combiner block is a unique feature of the DA14592. It makes sure that the received
power is applied to LNA with minimum losses towards RFPA. In the TX mode, LNA poses a minimal
load for RFPA, and its input pins are protected from the RFPA. In both modes, the single-ended
RFIO port is matched to 50 Q to provide the simplest possible interfacing to the antenna on the
printed circuit board.

34.2.5 Biasing

All RF blocks are supplied by on-chip low dropout regulators (LDOs). The bias scheme is
programmable and optimized for the minimum power consumption.

34.2.6 RF monitoring

The radio is equipped with a monitoring block and its responsibilities are:

e To acquire the data provided by the functional RF units and other various analog resources
® To pack the data in words of 32 bits (when necessary)
e To store words in the system memory to achieve the production test of the corresponding blocks.

The data can be the output of the Demodulator (I and Q) and the data provided by GPADC.
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35 Registers
This section contains a detailed view of the DA14592 registers. It is organized as follows:

e An overview table is presented initially, which depicts all register names, addresses and
descriptions.

e A detailed bit level description of each register follows.

The register file of the Cortex-M33 and Cortex-M0+ can be found in the following documents,
available on the Arm website:

Devices generic user guide:
arm_cortex_m33_dgug_100235_0002_00_en.pdf
DUI0662B_cortex_mOp_rOpl_dgug.pdf

Technical reference manual:
Cortex_m33_trm_100230_0002_00_en.pdf
DDI0484C_cortex_mOp_rOp1_trm.pdf

These documents contain the register descriptions for the Nested Vectored Interrupt Controller
(NVIC), the System Control Block (SCB), and the System Timer (SysTick).

35.1 AMBA bus registers

Table 105: Register map SYSB

Address Register Description

0x50060400 QSPI_ARB_REG ICM_S1 Priorities Register
0x50060404 BRIDGE_REG H2H CMAC Synchronization Register
0x50060408 FLASH_ARB_REG FPU/ICM_S2 Register

Table 106: QSPI_ARB_REG (0x50060400)

Bit Mode Symbol/Description Reset
7:6 RIW AHB_DMA_PRIO 0x3

Priority AHB_DMA layer system bus
0x0: Highest priority

0x1: Second priority

0x2: Third priority

0x3: Fourth priority

5:4 R/W AHB_CPUC_PRIO 0x2

Priority AHB_CPUC layer system bus
0x0: Highest priority

0x1: Second priority

0x2: Third priority

0x3: Fourth priority

3:2 R/W AHB_CPUS_PRIO 0x1

Priority AHB_CPUS layer system bus
0x0: Highest priority

0x1: Second priority

0x2: Third priority

0x3: Fourth priority

1:0 RIW AHB_CMAC_PRIO 0x0
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Bit Mode Symbol/Description Reset
Priority AHB_CMAC layer system bus
0x0: Highest priority
0x1: Second priority
0x2: Third priority
0x3: Fourth priority
Table 107: BRIDGE_REG (0x50060404)
Bit Mode Symbol/Description Reset
1 R/W SYNC_BYPASS 0x0
CMAC bridge, internal synchronization stages are bypassed.
0: Disabled
1: Enabled
0 R/W BRIDGE_BYPASS 0x0
CMAC bridge is bypassed only allowed when cmac hclk equals system
hclk
0: Disabled
1: Enabled
Table 108: FLASH_ARB_REG (0x50060408)
Bit Mode Symbol/Description Reset
0 R/W ENABLE_SEQ 0x0

Arbitration flash memory
0: Arbitration is carried out on every transfer
1: Arbitration is carried out at the beginning of every burst transfer

Table 109: Register map DW

Address Register Description
0x30020000 AHB_DMA_PL1_REG | AHB-DMA layer priority level for RFTP (AHB DMA layer only)
0x30020004 AHB_DMA_PL2_REG | AHB-DMA layer priority level for GPDMA (AHB DMA layer only)
0x30020008 AHB_DMA_PL3_REG | AHB-DMA layer Priority level for CRYPTO-DMA (AHB DMA
layer only)
0x30020048 AHB_DMA_DFLT_MA | Default master ID number (AHB DMA layer only)
STER_REG
0x3002004C AHB_DMA_WTEN_RE | Weighted-Token Arbitration Scheme Enable (AHB DMA layer
G only)
0x30020050 AHB_DMA_TCL_REG | Master clock refresh period (AHB DMA layer only)
0x30020054 AHB_DMA_CCLM1_R | RFTP Master clock tokens (AHB DMA layer only)
EG
0x30020058 AHB_DMA_CCLM2_R | GPDMA Master clock tokens (AHB DMA layer only)
EG
0x3002005C AHB_DMA_CCLM3_R | CRYPTO-DMA Master clock tokens (AHB DMA layer only)
EG
0x30020090 AHB_DMA_VERSION | Version ID (AHB DMA layer only)
_REG
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Table 110: AHB_DMA_PL1_REG (0x30020000)
Bit Mode Symbol/Description Reset
314 R - 0x0
Reserved
3.0 R/W AHB_DMA_PL1 OxF
Arbitration priority for master RFPT. O: lowest, 15: highest.
Table 111: AHB_DMA_PL2_REG (0x30020004)
Bit Mode Symbol/Description Reset
31:4 R/W - 0x0
Reserved
3.0 R/W AHB_DMA_PL2 OxE
Arbitration priority for master GPDMA. O: lowest, 15: highest.
Table 112: AHB_DMA_PL3_REG (0x30020008)
Bit Mode Symbol/Description Reset
314 R - 0x0
Reserved
3.0 R/W AHB_DMA_PL3 0xD
Arbitration priority for master CRYPTO-DMA. O: lowest, 15: highest.
Table 113: AHB_DMA_DFLT_MASTER_REG (0x30020048)
Bit Mode Symbol/Description Reset
31:4 R = 0x0
Reserved
3.0 R/W AHB_DMA_DFLT_MASTER 0x0
Default master ID number register. The default master is the master that
is granted by the bus when no master has requested ownership.
0: Dummy master
1: RFPT
2: GEN-DMA
3: CRYPTO-DMA
4: Reserved
Table 114: AHB_DMA_WTEN_REG (0x3002004C)
Bit Mode Symbol/Description Reset
311 R - 0x0
Reserved
0 R/W AHB_DMA_WTEN 0x0
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Bit Mode Symbol/Description Reset
Weighted-token arbitration scheme enable.
0: Disabled
1: Enabled
Table 115: AHB_DMA_TCL_REG (0x30020050)
Bit Mode Symbol/Description Reset
31:16 R - 0x0
Reserved
15:0 R/W AHB_DMA_TCL OXFFFF
Master clock refresh period, counting clock cycles. An arbitration period is
defined over this number of tokens. When a new arbitration period starts,
the master counters are reloaded. Recommended value is the sum of the
AHB_DMA_CCLMx_REG values plus two tokens for each master, that is
plus six.
Table 116: AHB_DMA_CCLM1_REG (0x30020054)
Bit Mode Symbol/Description Reset
31:16 R - 0x0
Reserved
15:0 R/W AHB_DMA_CCLM OxF
Number of tokens (counted in AHB clock cycles) that a master can use on
the bus before it has to arbitrate on a bus master with low priority and
having tokens. Masters with tokens remaining have priority over masters
that have used all of their tokens. User should configure all the token
values ensuring that the sum does not exceed the total allocated number
of tokens. If a value of zero is configured, then the bus is deemed to have
infinite tokens and will always operate in the upper-tier of arbitration.
Table 117: AHB_DMA_CCLM2_REG (0x30020058)
Bit Mode Symbol/Description Reset
31:16 R - 0x0
Reserved
15:0 R/W AHB_DMA_CCLM OxF
See AHB_DMA_CCLM1_REG
Table 118: AHB_DMA_CCLM3_REG (0x3002005C)
Bit Mode Symbol/Description Reset
31:16 R - 0x0
Reserved
15:0 R/W AHB_DMA _CCLM OxF
AHB_DMA_CCLM1_REG
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Table 119: AHB_DMA_VERSION_REG (0x30020090)
Bit Mode Symbol/Description Reset
310 R AHB_DMA_VERSION 0x32313
. 32A
System bus version ID
35.2 Memory controller registers
Table 120: Register map MEMCTRL
Address Register Description
0x50060004 MEM_PRIO_REG Priority Control Register
0x50060008 MEM_STALL_REG Maximum Stall cycles Control Register
0x5006000C MEM_STATUS_REG Memory Arbiter Status Register
0x50060010 MEM_STATUS2 _REG | RAM cells Status Register
0x50060020 CMI_CODE_BASE_R | CMAC code Base Address Register
EG
0x50060024 CMI_DATA_BASE_RE | CMAC data Base Address Register
G
0x50060028 CMI_SHARED_BASE | CMAC shared data Base Address Register
_REG
0x50060074 BUSY_SET_REG BSR Set Register
0x50060078 BUSY_RESET_REG BSR Reset Register
0x5006007C BUSY_STAT_REG BSR Status Register
Table 121: MEM_PRIO_REG (0x50060004)
Bit Mode Symbol/Description Reset
17:15 R/W = 0x0
Reserved
14:12 R/W - 0x0
Reserved
11:9 R/W - 0x0
Reserved
8:6 R/W AHB3_PRIO 0x0
Priority of the AHB3 interface for the arbitration that is performed per
memory cell. Six priority classes are supported, from priority class 0
(lowest priority) to priority class 5 (highest priority). The AHB3 interface
can participate in one of the priority classes by setting the corresponding
value: from O up to 5. The values 6 and 7 are reserved.
5:3 R/W AHB2_PRIO 0x0
Priority of the AHB2 interface for the arbitration that is performed per
memory cell. Six priority classes are supported, from priority class O
(lowest priority) to priority class 5 (highest priority). The AHB2 interface
can participate in one of the priority classes by setting the corresponding
value: from 0 up to 5. The values 6 and 7 are reserved.
2:0 R/W AHB_PRIO 0x0
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Bit Mode Symbol/Description Reset

Priority of the AHB interface for the arbitration that is performed per
memory cell. Six priority classes are supported, from priority class 0
(lowest priority) to priority class 5 (highest priority). The AHB interface can
participate in one of the priority classes by setting the corresponding
value: from O up to 5. The values 6 and 7 are reserved.

Table 122: MEM_STALL_REG (0x50060008)

Bit Mode Symbol/Description Reset

23:20 R/W - OxF
Reserved

19:16 R/W - OxF
Reserved

15:12 R/W - OxF
Reserved

11:8 R/W AHB3_MAX_STALL OxF

Maximum allowed number of stall cycles for the AHB3 interface. If
exceeded, the interface will get top priority (above high priority). Valid for
a single access so the next access (of a burst) might end up in the queue
for the same number of wait cycles.

0: do not use, not feasible and can block other interfaces
1: max 1 stall cycle
15: max 15 stall cycles

74 R/W AHB2_MAX_STALL OxF

Maximum allowed number of stall cycles for the AHB2 interface. If
exceeded, the interface will get top priority (above high priority). Valid for
a single access so the next access (of a burst) might end up in the queue
for the same number of wait cycles.

0: do not use, not feasible and can block other interfaces
1: max 1 stall cycle
15: max 15 stall cycles

3:0 R/W AHB_MAX_STALL OxF

Maximum allowed number of stall cycles for the AHB interface. If
exceeded, the interface will get top priority (above high priority). Valid for
a single access so the next access (of a burst) might end up in the queue
for the same number of wait cycles.

0: do not use, not feasible and can block other interfaces
1: max 1 stall cycle
15: max 15 stall cycles

Table 123: MEM_STATUS_REG (0x5006000C)

Bit Mode Symbol/Description Reset

21 w MTB_CLEAR_READY 0x0
Writing 1 clears MTB_NOT_READY bit.

20 R MTB_NOT_READY 0x0
0: Normal operation
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Bit Mode Symbol/Description Reset
1: MTB access performed which could not be handled right away
(interface does not allow wait cycles)
19:16 R AHB3_WR_BUFF_CNT 0x0
The maximum number of arbiter clock cycles that an AHB3 access has
been buffered.
15:12 R AHB2_WR_BUFF_CNT 0x0
The maximum number of arbiter clock cycles that an AHB2 access has
been buffered.
11:8 R AHB_WR_BUFF_CNT 0x0
The maximum number of arbiter clock cycles that an AHB access has
been buffered.
6 w AHB3_CLR_WR_BUFF 0x0
Writing 1 clears AHB3_WR_BUFF_CNT.
5 W AHB2_CLR_WR_BUFF 0x0
Writing 1 clears AHB2_WR_BUFF_CNT.
4 w AHB_CLR_WR_BUFF 0x0
Writing 1 clears AHB_WR_BUFF_CNT.
2 R AHB3_WRITE_BUFF 0x0
0: No AHB3 write access is buffered.
1: Currently a single AHB3 write access is buffered in the arbiter.
1 R AHB2_WRITE_BUFF 0x0
0: No AHB2 write access is buffered.
1: Currently a single AHB2 write access is buffered in the arbiter.
0 R AHB_WRITE_BUFF 0x0
0: No AHB write access is buffered.
1: Currently a single AHB write access is buffered in the arbiter.
Table 124: MEM_STATUS2_REG (0x50060010)
Bit Mode Symbol/Description Reset
2 RW1C RAM3_OFF BUT_ACCESS 0x0
Reading 1 indicates RAM3 was off but still access was performed.
Writing 1 will clear the status back to 0.
1 RW1C RAM2_OFF BUT_ACCESS 0x0
Reading 1 indicates RAM2 was off but still access was performed.
Writing 1 will clear the status back to 0.
0 RW1C RAM1_OFF BUT_ACCESS 0x0
Reading 1 indicates RAM1 was off but still access was performed.
Writing 1 will clear the status back to O.
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Table 125: CMI_CODE_BASE_REG (0x50060020)
Bit Mode Symbol/Description Reset
18:8 R/W CMI_CODE_BASE_ADDR 0x0
The complete register value is a location to System RAM (limited to this
area), where the CMAC code segment is remapped.
7:0 R - 0x0
Reserved
Table 126: CMI_DATA_BASE_REG (0x50060024)
Bit Mode Symbol/Description Reset
18:2 R/W CMI_DATA_BASE_ADDR 0x0
The complete register value is a location to System RAM (limited to this
area), where the CMAC data segment is remapped.
Typically, this value is higher than CMI_CODE_BASE_REG.
1.0 R - 0x0
Reserved
Table 127: CMI_SHARED_BASE_REG (0x50060028)
Bit Mode Symbol/Description Reset
18:2 R/W CMI_SHARED_BASE_ADDR 0x0
The complete register value is a location to System RAM (limited to this
area), where the CMAC shared data segment is remapped.
Typically, this value is higher than CMI_DATA_BASE_REG.
1.0 R - 0x0
Reserved
Table 128: BUSY_SET_REG (0x50060074)
Bit Mode Symbol/Description Reset
31:30 WS BUSY_SPARE 0x0
Writing a non-zero value to this field sets the corresponding BUSY bit, but
only if it was not claimed (BUSY=0).
Reading returns 0 to allow read/modify/write to the register.
29:28 WS BUSY_SPARE1 0x0
Writing a non-zero value to this field sets the corresponding BUSY bit, but
only if it was not claimed (BUSY=0).
Reading returns 0 to allow read/modify/write to the register.
27:26 WS BUSY_TIMER4 0x0
Writing a non-zero value to this field sets the corresponding BUSY bit, but
only if it was not claimed (BUSY=0).
Reading returns 0 to allow read/modify/write to the register.
25:24 WS BUSY_TIMER3 0x0
Writing a non-zero value to this field sets the corresponding BUSY bit, but
only if it was not claimed (BUSY=0).
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Bit Mode

Symbol/Description

Reset

Reading returns 0 to allow read/modify/write to the register.

23:22 WS

BUSY_TIMER2

Writing a non-zero value to this field sets the corresponding BUSY bit, but
only if it was not claimed (BUSY=0).

Reading returns 0 to allow read/modify/write to the register.

0x0

21:20 WS

BUSY_TIMER

Writing a non-zero value to this field sets the corresponding BUSY bit, but
only if it was not claimed (BUSY=0).

Reading returns 0 to allow read/modify/write to the register.

0x0

19:18 WS

BUSY_PDM

Writing a non-zero value to this field sets the corresponding BUSY bit, but
only if it was not claimed (BUSY=0).

Reading returns 0 to allow read/modify/write to the register.

0x0

17:16 WS

BUSY_PCM

Writing a non-zero value to this field sets the corresponding BUSY bit, but
only if it was not claimed (BUSY=0).

Reading returns 0 to allow read/modify/write to the register.

0x0

15:14 WS

BUSY_SRC2

Writing a non-zero value to this field sets the corresponding BUSY bit, but
only if it was not claimed (BUSY=0).

Reading returns 0 to allow read/modify/write to the register.

0x0

13:12 WS

BUSY_SRC

Writing a non-zero value to this field sets the corresponding BUSY bit, but
only if it was not claimed (BUSY=0).

Reading returns 0 to allow read/modify/write to the register.

0x0

11:10 WS

BUSY_SDADC

Writing a non-zero value to this field sets the corresponding BUSY bit, but
only if it was not claimed (BUSY=0).

Reading returns 0 to allow read/modify/write to the register.

0x0

9:8 WS

BUSY_GPADC

Writing a non-zero value to this field sets the corresponding BUSY bit, but
only if it was not claimed (BUSY=0).

Reading returns 0 to allow read/modify/write to the register.

0x0

7:6 WS

BUSY_|2C

Writing a non-zero value to this field sets the corresponding BUSY bit, but
only if it was not claimed (BUSY=0).

Reading returns 0 to allow read/modify/write to the register.

0x0

5:4 WS

BUSY_SPI

Writing a non-zero value to this field sets the corresponding BUSY bit, but
only if it was not claimed (BUSY=0).

Reading returns 0 to allow read/modify/write to the register.

0x0

3:2 WS

BUSY_UART?2

Writing a non-zero value to this field sets the corresponding BUSY bit, but
only if it was not claimed (BUSY=0).

Reading returns 0 to allow read/modify/write to the register.

0x0

1.0 WS

Datasheet
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Bit

Mode

Symbol/Description

Reset

Writing a non-zero value to this field sets the corresponding BUSY bit, but

only if it was not claimed (BUSY=0).
Reading returns 0 to allow read/modify/write to the register.

Table 129: BUSY_RESET_REG (0x50060078)

Bit

Mode

Symbol/Description

Reset

31:30

RwiC

BUSY_SPARE

Clear the BUSY bitfield, by writing the master code which has claimed to
this field

Reading returns 0 to allow read/modify/write to the register.

0x0

29:28

RW1C

BUSY_SPARE1

Clear the BUSY bitfield, by writing the master code which has claimed to
this field

Reading returns 0 to allow read/modify/write to the register.

0x0

27:26

RW1C

BUSY_TIMER4

Clear the BUSY bitfield, by writing the master code which has claimed to
this field

Reading returns 0 to allow read/modify/write to the register.

0x0

25:24

RW1C

BUSY_TIMERS3

Clear the BUSY bitfield, by writing the master code which has claimed to
this field

Reading returns 0 to allow read/modify/write to the register.

0x0

23:22

RwiC

BUSY_TIMER2

Clear the BUSY bitfield, by writing the master code which has claimed to
this field

Reading returns 0 to allow read/modify/write to the register.

0x0

21:20

RW1C

BUSY_TIMER

Clear the BUSY bitfield, by writing the master code which has claimed to
this field

Reading returns 0 to allow read/modify/write to the register.

0x0

19:18

RwiC

BUSY_PDM

Clear the BUSY bitfield, by writing the master code which has claimed to
this field

Reading returns 0 to allow read/modify/write to the register.

0x0

17:16

RwiC

BUSY_PCM

Clear the BUSY bitfield, by writing the master code which has claimed to
this field

Reading returns 0 to allow read/modify/write to the register.

0x0

15:14

RW1C

BUSY_SRC2

Clear the BUSY bitfield, by writing the master code which has claimed to
this field

Reading returns 0 to allow read/modify/write to the register.

0x0

13:12

RW1C

BUSY_SRC

Clear the BUSY bitfield, by writing the master code which has claimed to
this field

0x0
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Bit Mode Symbol/Description Reset
Reading returns 0 to allow read/modify/write to the register.
11:10 RW1C BUSY_SDADC 0x0
Clear the BUSY bitfield, by writing the master code which has claimed to
this field
Reading returns 0 to allow read/modify/write to the register.
9:8 RW1C BUSY_GPADC 0x0
Clear the BUSY bitfield, by writing the master code which has claimed to
this field
Reading returns 0 to allow read/modify/write to the register.
7:6 RW1C BUSY_I2C 0x0
Clear the BUSY bitfield, by writing the master code which has claimed to
this field
Reading returns 0 to allow read/modify/write to the register.
5:4 RW1C BUSY_SPI 0x0
Clear the BUSY bitfield, by writing the master code which has claimed to
this field
Reading returns 0 to allow read/modify/write to the register.
3:2 RW1C BUSY_UART2 0x0
Clear the BUSY bitfield, by writing the master code which has claimed to
this field
Reading returns 0 to allow read/modify/write to the register.
1:0 RW1C BUSY_UART 0x0
Clear the BUSY bitfield, by writing the master code which has claimed to
this field
Reading returns 0 to allow read/modify/write to the register.
Table 130: BUSY_STAT_REG (0x5006007C)
Bit Mode Symbol/Description Reset
31:30 R BUSY_SPARE 0x0
A non-zero value indicates the resource is busy. The value represents
which master is using it.
29:28 R BUSY_SPARE1 0x0
A non-zero value indicates the resource is busy. The value represents
which master is using it.
27:26 R BUSY_TIMER4 0x0
A non-zero value indicates the resource is busy. The value represents
which master is using it.
25:24 R BUSY_TIMER3 0x0
A non-zero value indicates the resource is busy. The value represents
which master is using it.
23:22 R BUSY_TIMER2 0x0
A non-zero value indicates the resource is busy. The value represents
which master is using it.
21:20 R BUSY_TIMER 0x0
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Bit Mode Symbol/Description Reset
A non-zero value indicates the resource is busy. The value represents
which master is using it.
19:18 R BUSY_PDM 0x0
A non-zero value indicates the resource is busy. The value represents
which master is using it.
17:16 R BUSY_PCM 0x0
A non-zero value indicates the resource is busy. The value represents
which master is using it.
15:14 R BUSY_SRC2 0x0
A non-zero value indicates the resource is busy. The value represents
which master is using it.
13:12 R BUSY_SRC 0x0
A non-zero value indicates the resource is busy. The value represents
which master is using it.
11:10 R BUSY_SDADC 0x0
A non-zero value indicates the resource is busy. The value represents
which master is using it.
9:8 R BUSY_GPADC 0x0
A non-zero value indicates the resource is busy. The value represents
which master is using it.
7:6 R BUSY_I2C 0x0
A non-zero value indicates the resource is busy. The value represents
which master is using it.
5:4 R BUSY_SPI 0x0
A non-zero value indicates the resource is busy. The value represents
which master is using it.
3:2 R BUSY_UART2 0x0
A non-zero value indicates the resource is busy. The value represents
which master is using it.
1:0 R BUSY_UART 0x0
A non-zero value indicates the resource is busy. The value represents
which master is using it.
35.3 eFlash controller registers
Table 131: Register map FCU
Address Register Description
0x50060100 FLASH_CTRL_REG Flash control register
0x50060104 FLASH_PTNVH1_RE NVSTRL1 hold time register
G
0x50060108 FLASH_PTPROG_RE | Flash programming time register
G
0x5006010C FLASH_PTERASE_R Page Erase time register
EG
0x50060110 FLASH_PTME_REG Mass Erase time register
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Address Register Description
0x50060114 FLASH_PTWK_SP_R | Wake-up time of sleep to standby register
EG
0x50060118 FLASH_PTERASE_S Page erase segment time register
EG_REG
0x5006011C FLASH_RTERASE_T Total erase time counter register
OT_CNT_REG
0x50060120 FLASH_RTERASE_S Segment erase time counter register
EG_CNT_REG

Table 132: FLASH_CTRL_REG (0x50060100)

Bit Mode Symbol/Description Reset
25 R DISCHARGE_STAT 0x0

Flash discharging status
1: Discharging state
0: Normal operation

24 R/W DFT_EN 0x0

1: Enable DFT logic, programming Flash through pins
23 R/W VDD_LEVEL_VALUE 0x0

If VDD_LEVEL_FORCE is set to 0, this register field has no effect.
If VDD_LEVEL_FORCE is set to 1, then if VDD_LEVEL_VALUE is:

1: sets vdd_level value to 1 (Should be used if VDD > 1.08 V. Results in
Flash input LVEN = 0)

0: sets vdd_level_value to 0 (Should be used if VDD < 1.08 V. Results in
Flash input LVEN = 1)

22 R/W VDD_LEVEL_FORCE 0x0
Used with VDD_LEVEL_VALUE to override the vdd_level FCU input
signal, to set the LVEN Flash input signal.

This register does not affect the actual VDD level. It only affects the
indication to the FCU.

1: Override vdd_level input and force vdd_level to VDD_LEVEL_VALUE
0: Use vdd_level input and do not use VDD_LEVEL_VALUE register field

21 w ERASE_RESUME 0x0

Resumes erase on writing 1.
20 R ERASE_SUSPEND_STAT 0x0

Erase Suspend status

1: FLASH erase is suspended. Check
FLASH_RTERASE_TOT_CNT_REG for the remaining time needed for
the erase to complete.

0: FLASH erase is not suspended. Check PROG_ERS status bit for the
erase cycle status.

19 R/W ERASE_SUSPEND_MODE 0x0

Choose mode of erase suspend operation:

1: When a read operation is issued, FCU stalls the read access until the
erase segment is completed.

0: When a read operation is issued, erase is immediately suspended and
erase segment time is not subtracted from total erase time
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Bit Mode Symbol/Description Reset

18 R/W ERASE_SUSPEND_EN 0x0
1: Enable erase suspend functionality

17 R SLEEP 0x1
Sleep mode status
1: FCU is in sleeping mode. This register's value is cleared on the next
read access, and the FCU automatically wakes up.

0: FCU is in standby mode.

16 R/W DMA_EN 0x0
1: Enable DMA handshake when writing to the FCU. It also disables IRQ
generation.

0: Disable DMA handshake when writing to the FCU. IRQ generation
remains enabled.

15 RWS BUS_ERROR_EN 0x0
1: Bus error response enabled.

0: Bus error response disabled.
The BUS_ERROR status register is not affected by this register's value.
This bit can only be set!! and is reset by RSTn.

14 R BUS_ERROR 0x0
Flash bus error status
1: Bus error occurred in the last FCU AHB access. Register gets cleared
on next FCU AHB access.

0: Bus error did not occur in the last FCU AHB access.

13 w IRQ_CLEAR 0x0
Clears the IRQ on writing 1

12:10 R/W WAIT_CYCLES 0x3
Number of wait cycles to be programmed in case HCLK is faster than the
worst case access time (Tacc) specified in the Flash memory datasheet.

0: 0 wait cycles

1: 1 wait cycle

2: 2 wait cycles (default)

3: 3 wait cycles

4: 4 wait cycles

5: 5 wait cycles

6: 6 wait cycles

7: 7 wait cycles

Note: When dcore is running at 0.9 V, worst case Tacc = 65 ns, when

running at 1.2 V, worst case Tacc = 23 ns.

The combinatorial path from cell to DFF is 5.66 ns.

Use cases:

HCLK = 64 MHz, VDD = 1.2 V -> 1 wait cycles

HCLK = 32 MHz, VDD = 0.9 V -> 2 wait cycles (default conditions on

power up)

HCLK = 32 MHz, VDD = 1.2 V -> 0 wait cycles

HCLK = 16 MHz, VDD = 0.9 V -> 1 wait cycles

HCLK = 16 MHz, VDD = 1.2 V -> 0 wait cycles

HCLK = slower than above -> 0 wait cycles

Warning: User must not use 0 wait cycles with 64 MHz clk.
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Bit

Mode

Symbol/Description

Reset

9

RWS

FLASH_RPROT

If 1 the FLASH cannot be read.
This bit can only be set and is reset by RSTn.

0x0

RWS

FLASH_WPROT

If 1 the FLASH cannot be written/erased.
This bit can only be set and is reset by RSTn.

0x0

R/W

FLASH_PROT

If 1 the FLASH cannot be read, written, or erased.

0x0

PROG_RMIN

FLASH read mode inhibit.

1: Read mode may not be selected after a write, page
erase or mass erase of the selected FLASH as long as this
bit is 1.

0: Read mode may be selected.

0x0

PROG_ERS

FLASH erase status
1: Erase cycle in progress
0: Erase cycle ready

0x0

PROG_WRS

FLASH write status

1: Write cycle in progress
0: Write cycle ready

0x0

R/W

PROG_SEL

Select FLASH access mode:

0: FLASH: Read access mode selected

1: FLASH: Erase/write access mode selected

Must be set back to 0 to reduce power consumption.

0x0

SLEEP_MODE

Puts flash in sleep mode for lower leakage current on writing 1.
Automatically wakes up on read access.

0x0

1.0

R/W

PROG_MODE

Select FLASH programming mode

00: No write or erase to flash(es) possible.

01: Write page

10: Erase page. Address first written to select page.

11: Erase one of the flash blocks completely (bulk erase)

If the address that starts the erase belongs to the info block, info block
and main block are mass erased.

If the address that starts the erase belongs to the main block, only the
main block is erased.

To only erase the info block, a page erase of the info block must be done.

0x0
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Table 133: FLASH_PTNVH1_REG (0x50060104)
Bit Mode Symbol/Description Reset
15:0 R/W PTNVH1 0x64
Program flash NVSTR1 hold time.
T =PTNVH1 x 1 ys = 100 ps (min)
Table 134: FLASH_PTPROG_REG (0x50060108)
Bit Mode Symbol/Description Reset
15:0 R/W PTPROG 0x8
Program flash programming time.
T =PTPROG x 1 ys = 8 ys (min)
Table 135: FLASH_PTERASE_REG (0x5006010C)
Bit Mode Symbol/Description Reset
23:0 R/W PTERASE 0x13880
Program flash page Erase time.
T = PTERASE x 1 ys = 80 ms (min)
This register can be programmed with values from 1 up to 262143.
Table 136: FLASH_PTME_REG (0x50060110)
Bit Mode Symbol/Description Reset
23:.0 R/W PTME 0x13880
Program flash mass Erase time.
T =PTME x 1 ys = 80 ms (min)
This register can be programmed with values from 1 up to 262143.
Table 137: FLASH_PTWK_SP_REG (0x50060114)
Bit Mode Symbol/Description Reset
7:0 R/W PTWK_SP 0x3
Program flash wake-up time of sleep to standby
T=PTWK_SP x 1 pus =3 ps
Table 138: FLASH_PTERASE_SEG_REG (0x50060118)
Bit Mode Symbol/Description Reset
23:.0 R/W PTERASE_SEG O0x3E8
Program flash segment of page erase time for suspend erase.
T=PTERASE_SEGx1us=1ms
This register can be programmed with values from 1 up to 262143.
Note: PTERASE should be a multiple of PTERASE_SEG
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Table 139: FLASH_RTERASE_TOT_CNT_REG (0x5006011C)
Bit Mode Symbol/Description Reset
23:.0 R RTERASE_TOT_CNT 0x0
Returns total erase time counter value.
Table 140: FLASH_RTERASE_SEG_CNT_REG (0x50060120)
Bit Mode Symbol/Description Reset
23:.0 R RTERASE_SEG_CNT 0x0

Returns segment erase time counter value.

35.4 SPI Flash/RAM registers

Table 141: Register map QSPIC

Address Register Description

0x34000000 QSPIC_CTRLBUS_RE | SPI Bus control register for the Manual mode
G

0x34000004 QSPIC_CTRLMODE_ | Mode control register
REG

0x34000008 QSPIC_RECVDATA_ Received data for the Manual mode
REG

0x3400000C QSPIC_BURSTCMDA | The way of reading in Auto mode (command register A)
_REG

0x34000010 QSPIC_BURSTCMDB | The way of reading in Auto mode (command register B)
_REG

0x34000014 QSPIC_STATUS_RE The status register of the QSPI controller
G

0x34000018 QSPIC_WRITEDATA_ | Write data to SPI Bus for the Manual mode
REG

0x3400001C QSPIC_READDATA _ Read data from SPI Bus for the Manual mode
REG

0x34000020 QSPIC_DUMMYDATA | Send dummy clocks to SPI Bus for the Manual mode
_REG

0x34000024 QSPIC_ERASECTRL_ | Erase control register
REG

0x34000028 QSPIC_ERASECMDA | The way of erasing in Auto mode (command register A)
_REG

0x3400002C QSPIC_ERASECMDB | The way of erasing in Auto mode (command register B)
_REG

0x34000030 QSPIC_BURSTBRK _ Read break sequence in Auto mode
REG

0x34000034 QSPIC_STATUSCMD | The way of reading the status of external device in Auto mode
_REG

0x34000038 QSPIC_CHCKERASE | Check erase progress in Auto mode
_REG

0x3400003C QSPIC_GP_REG General purpose QSPIC register
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Address Register Description
0x34000040 QSPIC_AWRITECMD | The way of writing in Auto mode when the external device is a
_REG serial SRAM
0x34000044 QSPIC_MEMBLEN_R | External memory burst length configuration
EG

Table 142: QSPIC_CTRLBUS_REG (0x34000000)

Bit Mode Symbol/Description Reset

315 - - 0x0
Reserved

4 w QSPIC_DIS_CS 0x0

Write 1 to disable the chip select (active low) when the controller is in
Manual mode.

3 W QSPIC_EN_CS 0x0

Write 1 to enable the chip select (active low) when the controller is in
Manual mode.

2 w QSPIC_SET_QUAD 0x0

Write 1 to set the bus mode in Quad mode when the controller is in
Manual mode.

1 w QSPIC_SET_DUAL 0x0
Write 1 to set the bus mode in Dual mode when the controller is in Manual
mode.

0 W QSPIC_SET_SINGLE 0x0

Write 1 to set the bus mode in Single SPI mode when the controller is in
Manual mode.

Table 143: QSPIC_CTRLMODE_REG (0x34000004)

Bit Mode Symbol/Description Reset

31:17 - - 0x0
Reserved

16 R/W QSPIC_CLK_FREE_EN 0x0

Controls the behavior of the QSPI_SCK when the QSPI_CS is high and
the QSPIC_CS_MD = 1.

0: Is produced one QSPI_SCK clock pulse after each 0 to 1 transition in
the QSPI_CS.

1: The QSPI_SCK clock remains always active, while the QSPI_CS is
inactive.

This setting has meaning only when the QSPIC_CS_MD = 1.
15 R/W QSPIC_CS_MD 0x0

Controls the clock edge with which is produced the QSPI_CS signal.

0: The QSPI_CS is produced with the rising edge of the QSPI_SCK. The
QSPI_SCK is always inactive while the QSPI_CS is high.

1: The QSPI_CS is produced with the falling edge of the QSPI_SCK. The
behavior of the QSPI_SCK while the QSPI_CS is high, is controlled by the
QSPIC_CLK_FREE_EN.
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14 RIW QSPIC_SRAM_EN 0x0

Defines the type of the external device that is connected on the QSPIC
controller

0: The external memory device is a serial Flash

1: The external memory device is a serial SRAM

When the external device is a serial SRAM, the erase suspend/ resume
functionality of the controller is disabled. In this case the writing of the
QSPIC_ERASECTRL_REG[QSPIC_ERASE_EN] bit has no effect. Also,
the memory space where the external device is mapped, is considered as
writable.

13 RIW QSPIC_USE_32BA 0x0

Controls the length of the address that the external memory device uses.
0: The external memory device uses 24 bits address.

1: The external memory device uses 32 bits address.

The controller uses this bit in order to decide the number of the address
bytes that has to transfer to the external device during Auto mode.

12 R/W QSPIC_FORCENSEQ_EN 0x0

Controls the way in which a burst request from the AMBA bus is
addressed by the QSPI controller.

0: The controller translates a burst access on the AMBA bus as a burst
access on the QSPI bus. That results in the minimum number of
command/address phases.

1: The controller will split a burst access on the AMBA bus into a number
of single accesses on the QSPI bus. That results to a separate command
for each beat of the burst. For example, a 4-beat word incremental AMBA
read access will be split into four different sequences on the QSPI bus:
command/address/extra clock/read data. The QSPI_CS will be low only
for the time that is needed for each of these single accesses.

This configuration bit is useful when the clock frequency of the QSPI bus
is much higher than the clock of the AMBA bus. In this case the interval
for which the CS remains low is minimized, achieving lower power
dissipation with respect of the case where the QSPIC_FORCENSEQ_EN
=0, at cost of performance.

11:9 R/W QSPIC_PCLK_MD 0x0

Controls the read pipe clock delay relative to the falling edge of
QSPI_SCK. Refer to QSPI Timing for timing parameters

8 RIW QSPIC_RPIPE_EN 0x0

Controls the use of the data read pipe.

0: The read pipe is disabled; the sampling clock is defined according to
the QSPIC_RXD_NEG setting.

1: The read pipe is enabled. The delay of the sampling clock is defined
according to the QSPI_PCLK_MD setting. (Recommended)

7 RIW QSPIC_RXD_NEG 0x0

Defines the clock edge that is used for the capturing of the received data,
when the read pipe is not active (QSPIC_RPIPE_EN = 0).

0: Sampling of the received data with the positive edge of the QSPI_SCK
1: Sampling of the received data with the negative edge of the QSPI_SCK
The internal QSPI_SCK clock that is used by the controller for the
capturing of the received data has a skew in respect of the QSPI_SCK
that is received by the external memory device. To improve the timing

requirements of the read path, the controller supports a read pipe register
with programmable clock delay. See also the QSPIC_RPIPE_EN register.
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6 R/W QSPIC_HRDY_MD 0x0
This configuration bit is useful when the frequency of the QSPI clock is
much lower than the clock of the AMBA bus, to not lock the AMBA bus for
a long time.
0: Adds wait states via hready signal when an access is performed on
QSPIC_WRITEDATA, QSPIC_READDATA and QSPIC_DUMMYDATA
registers. It is not necessary to check the QSPIC_BUSY of the
QSPIC_STATUS_REG.
1: The controller does not add wait states via the hready signal, when the
access is performed on QSPIC_WRITEDATA, QSPIC_READDATA and
QSPIC_DUMMYDATA registers. The QSPIC_BUSY bit of the
QSPIC_STATUS_REG must be checked to detect the completion of the
requested access.
It is applicable only when the controller is in Manual mode. In the case of
the Auto mode, the controller always adds wait states via the hready
signal.

5 R/W QSPIC_IO3_DAT 0x0
The value of QSPI_IO3 pad if QSPI_IO3_OEN is 1

4 R/W QSPIC_IO2_DAT 0x0
The value of QSPI_IO2 pad if QSPI_I02_OEN is 1

3 R/W QSPIC_I03_OEN 0x0
QSPI_IO3 output enable. Use this only in SPI or Dual SPI mode to control
/HOLD signal. When the Auto Mode is selected (QSPIC_AUTO_MD = 1)
and the QUAD SPl is used, set this bit to zero.
0: The QSPI_IO3 pad is input.
1: The QSPI_IO3 pad is output.

2 R/W QSPIC_102_OEN 0x0

QSPI_lO2 output enable. Use this only in SPI or Dual SPI mode to control
/WP signal. When the Auto Mode is selected (QSPIC_AUTO_MD = 1)
and the QUAD SPI is used, set this bit to zero.

0: The QSPI_IO2 pad is input.
1: The QSPI_IO2 pad is output.

1 RIW QSPIC_CLK_MD 0x0

Mode of the generated QSPI_SCK clock

0: Use Mode 0 for the QSPI_CLK. The QSPI_SCK is low when QSPI_CS
is high.

1: Use Mode 3 for the QSPI_CLK. The QSPI_SCK is high when QSPI_CS
is high.

See also the QSPIC_CS_MD register and the QSPIC_CLK_FREE_EN
register.

0 RIW QSPIC_AUTO_MD 0x0

Mode of operation
0: The Manual Mode is selected.

1: The Auto Mode is selected.

During an erasing the QSPIC_AUTO_MD goes in read only mode (see
QSPIC_ERASE_EN)
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Table 144: QSPIC_RECVDATA_REG (0x34000008)

Final

Bit

Mode

Symbol/Description

Reset

31:0

R

QSPIC_RECVDATA

This register contains the received data when the
QSPIC_READDATA_REG register is used in Manual mode, to retrieve
data from the external memory device and QSPIC_HRDY_MD=1 and
QSPIC_BUSY=0.

0x0

Table 145:

QSPIC_BURSTCMDA_REG (0x3400000C)

Bit

Mode

Symbol/Description

Reset

31:30

R/W

QSPIC_DMY_TX_MD

It describes the mode of the SPI bus during the Dummy bytes phase.
0x0: Single SPI

0x1: Dual

0x2: Quad

0x3: Reserved

0x0

29:28

R/W

QSPIC_EXT_TX_MD

It describes the mode of the SPI bus during the Extra Byte phase.
0x0: Single SPI

0x1: Dual

0x2: Quad

0x3: Reserved

0x0

27:26

R/W

QSPIC_ADR_TX_MD

It describes the mode of the SPI bus during the address phase.
0x0: Single SPI

0x1: Dual

0x2: Quad

0x3: Reserved

0x0

25:24

R/W

QSPIC_INST_TX_MD

It describes the mode of the SPI bus during the instruction phase.
0x0: Single SPI

0x1: Dual

0x2: Quad

0x3: Reserved

0x0

23:16

R/W

QSPIC_EXT BYTE

The value of an extra byte which will be transferred after address (only if
QSPIC_EXT_BYTE_EN= 1). Usually this is the Mode Bits in Dual/Quad
SPI I/O instructions.

0x0

15:8

R/W

QSPIC_INST_WB

Instruction Value for Wrapping Burst. This value is the selected instruction
when QSPIC_WRAP_MD is equal to 1 and the access is a wrapping burst
of length and size described by the bit fields QSPIC_WRAP_LEN and
QSPIC_WRAP_SIZE respectively.

0x0

7:0

R/W

QSPIC_INST

Instruction Value for Incremental Burst or Single read access. This value
is the selected instruction at the cases of incremental burst or single read

0x0
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Final

Bit

Mode

Symbol/Description

Reset

access. Also this value is used when a wrapping burst is not supported
(QSPIC_WRAP_MD)

Table 146: QSPIC_BURSTCMDB_REG (0x34000010)

Bit

Mode

Symbol/Description

Reset

31:16

Reserved

0x0

15

R/W

QSPIC_DMY_FORCE
By setting this bit, the number of dummy bytes is forced to be equal to 3.
In this case the QSPIC_DMY_NUM field is overruled and has no function.

0: The number of dummy bytes is controlled by the QSPIC_DMY_NUM
field

1: Three dummy bytes are used. The QSPIC_DMY_NUM is overruled.

0x0

14:12

R/W

QSPIC_CS_HIGH_MIN

Between the transmission of two different instructions to the flash
memory, the QSPI bus stays in idle state (QSPI_CS high) for at least this
number of QSPI_SCK clock cycles. See the QSPIC_ERS_CS_HI and the
QSPIC_WR_CS_HIGH_MIN registers for some exceptions.

0x0

11:10

R/W

QSPIC_WRAP_SIZE

It describes the selected data size of a wrapping burst
(QSPIC_WRAP_MD).

0x0: Byte access (8-bits)

0x1: Half word access (16 bits)

0x2: Word access (32-bits)

0x3: Reserved

0x0

9:8

R/W

QSPIC_WRAP_LEN

It describes the selected length of a wrapping burst (QSPIC_WRAP_MD).
0x0: 4 beat wrapping burst

0x1: 8 beat wrapping burst

0x2: 16 beat wrapping burst

0x3: Reserved

0x0

R/W

QSPIC_WRAP_MD

Wrap mode
0: The QSPIC_INST is the selected instruction at any access.

1: The QSPIC_INST_WSB is the selected instruction at any wrapping burst
access of length and size described by the registers QSPIC_WRAP_LEN
and QSPIC_WRAP_SIZE respectively. In all other cases the
QSPIC_INST is the selected instruction. Use this feature only when the
serial FLASH memory supports a special instruction for wrapping burst
access.

0x0

R/W

QSPIC_INST_MD

Instruction mode
0: Transmit instruction at any burst access.

1: Transmit instruction only in the first access after the selection of Auto
Mode.

0x0

5:4

R/W

QSPIC_DMY_NUM

Number of Dummy Bytes

0x0
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0x0: Zero Dummy Bytes (Do not Send Dummy Bytes)
0x1: Send 1 Dummy Byte

0x2: Send 2 Dummy Bytes

0x3: Send 4 Dummy Bytes

When QSPIC_DMY_FORCE is enabled, the QSPIC_DMY_NUM is
overruled. In this case the number of dummy bytes is defined by
QSPIC_DMY_FORCE and is equal to 3, independent of the value of
QSPIC_DMY_NUM.

3 RIW QSPIC_EXT_HF_DS 0x0

Extra Half Disable Output

0: If QSPIC_EXT_BYTE_EN=1, then transmit the complete
QSPIC_EXT_BYTE

1: If QSPIC_EXT_BYTE_EN=1, then disable (hi-z) output during the
transmission of bits [3:0] of QSPIC_EXT_BYTE

2 RIW QSPIC_EXT_BYTE_EN 0x0

Extra Byte Enable
0: Do not Send QSPIC_EXT_BYTE
1: Send QSPIC_EXT_BYTE

1:0 RIW QSPIC_DAT_RX_MD 0x0

It describes the mode of the SPI bus during the data phase.
0x0: Single SPI

0x1: Dual

0x2: Quad

0x3: Reserved

Table 147: QSPIC_STATUS_REG (0x34000014)

Bit Mode Symbol/Description Reset

311 - - 0x0
Reserved

0 R QSPIC_BUSY 0x0

The status of the SPI Bus.
0: The SPI Bus is idle

1: The SPI Bus is active. Read data, write data, or dummy data activity is
in progress.

Has meaning only in Manual mode and only when QSPIC_HRDY_MD =
1.

Table 148: QSPIC_WRITEDATA_REG (0x34000018)

Bit Mode Symbol/Description Reset
31:0 w QSPIC_WRITEDATA 0x0

Writing to this register generates a data transfer from the controller to the
external memory device. The data written in this register is then
transferred to the memory using the selected mode of the SPI bus (SPI,
Dual SPI, Quad SPI). The data size of the access to this register can be
32-bits/16-bits/8-bits and is equal to the number of the transferred bits.

This register has meaning only when the controller is in Manual mode.
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Table 149: QSPIC_READDATA_REG (0x3400001C)

Bit Mode Symbol/Description Reset
310 R QSPIC_READDATA 0x0

A read access at this register generates a data transfer from the external
memory device to the QSPIC controller. The data is transferred using the
selected mode of the SPI bus (SPI, Dual SPI, Quad SPI). The data size of
the access to this register can be 32-bits/16-bits/8-bits and is equal to the
number of the transferred bits.

This register has meaning only when the controller is in Manual mode.

Table 150: QSPIC_DUMMYDATA_REG (0x34000020)

Bit Mode Symbol/Description Reset
310 w QSPIC_DUMMYDATA 0x0

Writing to this register generates a number of clock pulses to the SPI bus.
During the last clock of this activity in the SPI bus, the QSPI_IOx data
pads are in hi-z state. The data size of the access to this register can be
32-bits/16-bits/8-bits. The number of generated pulses is equal to: (size of
AHB bus access)/(size of SPI bus). The size of SPI bus is equal to 1, 2, or
4 for Single, Dual, or Quad SPI mode respectively.

This register has meaning only when the controller is in Manual mode.

Table 151: QSPIC_ERASECTRL_REG (0x34000024)

Bit Mode Symbol/Description Reset

31:28 - = 0x0
Reserved

27:25 R QSPIC_ERS_STATE 0x0

It shows the progress of sector/block erasing (read only).
0x0: No Erase.

0x1: Pending erase request

0x2: Erase procedure is running

0x3: Suspended Erase procedure

0x4: Finishing the Erase procedure

0x5...0x7: Reserved

24 RIW QSPIC_ERASE_EN 0x0

This bit has meaning only when the external device is a serial FLASH
(QSPIC_SRAM_EN=0).

During Manual mode (QSPIC_AUTO_MD = 0): This bit is in read-only
mode.

During Auto mode (QSPIC_AUTO_MD = 1). To request the erasing of the
block/sector (QSPIC_ERS_ADDR, 12'b0) write 1 to this bit. This bit is
cleared automatically with the end of erasing. Until the end of erasing the
QSPIC_ERASE_EN remains in read-only mode. During the same period
of time, the controller remains in Auto Mode (QSPIC_AUTO_MD goes in
read-only mode).

In the case where the external device is a serial SRAM
(QSPIC_SRAM_EN = 1) this bit is in read-only mode.

234 R/W QSPIC_ERS_ADDR 0x0
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Defines the address of the block/sector that is requested to be erased.
If QSPIC_USE_32BA = 0 (24 bits addressing), bits
QSPIC_ERASECTRL_REG[23-12] determine the block/ sector address
bits [23-12].
QSPIC_ERASECTRL_REG[11-4] are ignored by the controller.
If QSPIC_USE_32BA =1 (32 bits addressing) bits
QSPIC_ERASECTRL_REG[23-4] determine the block / sectors address
bits [31:12]
3:0 - - 0x0
Reserved
Table 152: QSPIC_ERASECMDA_REG (0x34000028)
Bit Mode Symbol/Description Reset
31:24 R/W QSPIC_RES_INST 0x0
The code value of the erase resume instruction
23:16 R/W QSPIC_SUS_INST 0x0
The code value of the erase suspend instruction.
15:8 R/W QSPIC_WEN_INST 0x0
The code value of the write enable instruction.
7:0 R/W QSPIC_ERS_INST 0x0
The code value of the erase instruction.
Table 153: QSPIC_ERASECMDB_REG (0x3400002C)
Bit Mode Symbol/Description Reset
31:30 - - 0x0
Reserved
29:24 R/W QSPIC_RESSUS_DLY 0x0
Defines a timer that counts the minimum allowed delay between an erase
suspend command and the previous erase resume command (or the
initial erase command).
0x00: Do not wait. The controller starts immediately to suspend the erase
procedure.
0x01...0x3F: The controller waits for at least this number of 288 kHz clock
cycles before the suspension of erasing. Time starts counting after the
end of the previous erase resume command (or the initial erase
command)
23:20 - - 0x0
Reserved
19:16 R/W QSPIC_ERSRES_HLD 0x0
The controller must stay without flash memory reading requests for this
number of AMBA hclk clock cycles, before to perform the command of
erase or erase resume. Allowable range: OxF — 0x0
15 - - 0x0
Reserved
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Bit

Mode

Symbol/Description

Reset

14:10

R/W

QSPIC_ERS_CS_HI

After the execution of instructions: write enable, erase, erase suspend

and erase resume, the QSPI_CS remains high for at least this number of

QSPI_SCK clock cycles.

0x0

9:8

R/W

QSPIC_EAD_TX_MD

The mode of the SPI Bus during the address phase of the erase
instruction

0x0: Single SPI

0x1: Dual

0x2: Quad

0x3: Reserved

0x0

7:6

R/W

QSPIC_RES_TX_MD

The mode of the SPI Bus during the transmission of the resume
instruction

0x0: Single SPI

0x1: Dual

0x2: Quad

0x3: Reserved

0x0

5:4

R/W

QSPIC_SUS_TX_MD

The mode of the SPI Bus during the transmission of the suspend
instruction.

0x0: Single SPI

0x1: Dual

0x2: Quad

0x3: Reserved

0x0

3.2

R/W

QSPIC_WEN_TX_MD

The mode of the SPI Bus during the transmission of the write enable
instruction.

0x0: Single SPI

0x1: Dual

0x2: Quad

0x3: Reserved

0x0

1.0

R/W

QSPIC_ERS_TX_MD

The mode of the SPI Bus during the instruction phase of the erase
instruction

0x0: Single SPI

0x1: Dual

0x2: Quad

0x3: Reserved

0x0

Table 154:

QSPIC_BURSTBRK_REG (0x34000030)

Bit

Mode

Symbol/Description

Reset

31:21

Reserved

0x0

20

R/W
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Bit Mode Symbol/Description Reset

Disable output during the transmission of the second half
(QSPIC_BRK_WRD]J3:0]). Setting this bit is only useful if
QSPIC_BRK_EN =1 and QSPIC_BRK_SZ=1.

0: The controller drives the SPI bus during the transmission of the
QSPIC_BRK_WRD[3:0].

1: The controller leaves the SPI bus in Hi-Z during the transmission of the
QSPIC_BRK_WORD[3:0].

19:18 RIW QSPIC_BRK_TX_MD 0x0

The mode of the SPI Bus during the transmission of the read break
sequence.

0x0: Single SPI
0x1: Dual
0x2: Quad
0x3: Reserved

17 RIW QSPIC_BRK_SZ 0x0

The size of the read break sequence.
0: One byte (Send QSPIC_BRK_WRD[15:8])
1: Two bytes (Send QSPIC_BRK_WRD[15:0])

16 RIW QSPIC_BRK_EN 0x0

Controls the application of a special command (read break sequence) that
is used in order to force the device to abandon the continuous read mode.

0: The special command is not applied
1: The special command is applied

This special command is applied by the controller to the external device
under the following conditions:

- the controller is in Auto mode
-the QSPIC_INST MD =1

- the previous command that has been applied in the external device was
read

- the controller wants to apply to the external device a command different
than the read.

15:0 RIW QSPIC_BRK_WRD 0x0

This is the value of a special command (read break sequence) that is
applied by the controller to the external memory device, to force the
memory device to abandon the continuous read mode.

Table 155: QSPIC_STATUSCMD_REG (0x34000034)

Bit Mode Symbol/Description Reset

31:23 - = 0x0
Reserved

22 R/IW QSPIC_STSDLY_SEL 0x0

Defines the timer which is used to count the delay that it has to wait
before to read the FLASH Status Register, after an erase or an erase
resume command.

0: The delay is controlled by the QSPIC_RESSTS_DLY which counts on
the QSPI clock.
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Bit Mode Symbol/Description Reset
1: The delay is controlled by the QSPIC_RESSUS_DLY which counts on
the 288 kHz clock.

21:16 R/W QSPIC_RESSTS_DLY 0x0
Defines a timer that counts the minimum required delay between the
reading of the status register and of the previous erase or erase resume
instruction.
0x00: Do not wait. The controller starts reading the Flash memory status
register immediately.
0x01...0x3F: The controller waits for at least this number of QSPI_CLK
cycles and afterwards it starts to reading the Flash memory status
register. The timer starts to count after the end of the previous erase or
erase resume command.

The actual timer that will be used by the controller before the reading of
the Flash memory status register is defined by the QSPIC_STSDLY_SEL.

15 R/W QSPIC_BUSY_VAL 0x0
Defines the value of the Busy bit which means that the flash is busy.

0: The flash is busy when the Busy bit is equal to 0.
1: The flash is busy when the Busy bit is equal to 1.

14:12 R/W QSPIC_BUSY_POS 0x0
Defines the bit of the Flash status register which represents the Busy bit
(Ox7 - 0x0).

11:10 R/W QSPIC_RSTAT_RX_MD 0x0
The mode of the SPI Bus during the reception phase of the read status
instruction, where the value of status register is retrieved.
0x0: Single SPI
0x1: Dual
0x2: Quad
0x3: Reserved

9:8 R/W QSPIC_RSTAT _TX_MD 0x0
The mode of the SPI Bus during the instruction phase of the read status
instruction.
0x0: Single SPI
0x1: Dual
0x2: Quad
0x3: Reserved

7:0 R/W QSPIC_RSTAT_INST 0x0
The code value of the read status instruction.

It is transmitted during the instruction phase of the read status instruction.

Table 156: QSPIC_CHCKERASE_REG (0x34000038)

Bit Mode Symbol/Description Reset
31:.0 w QSPIC_CHCKERASE 0x0

Writing any value to this register during erasing, forces the controller to
read the flash memory status register. Depending on the value of the
Busy bit, it updates the QSPIC_ERASE_EN.

This register has meaning only when the controller is in Auto mode and
there is an erase in progress (QSPIC_ERASE_EN = 1). It has no meaning
when the external device is a serial SRAM.
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Table 157: QSPIC_GP_REG (0x3400003C)

Final

Bit

Mode

Symbol/Description

Reset

4:3

R/W

QSPIC_PADS_SLEW

QSPI pads slew rate control. Indicative values under certain conditions:
0x0: Rise = 1.7 V/ns, Fall = 1.9 V/ns (weak)

0x1: Rise = 2.0 V/ns, Fall = 2.3 V/ns

0x2: Rise = 2.3 V/ns, Fall = 2.6 VIns

0x3: Rise = 2.4 V/ns, Fall = 2.7 V/ns (strong)

Conditions: FLASH pin capacitance 6 pF, Vcc=1.8V, T =25 °C and
Idrive = 16 mA

0x0

2:1

R/W

QSPIC_PADS_DRV

QSPI pads drive current
0x0: 4 mA

0x1: 8 mA

0x2: 12 mA

0x3: 16 mA

0x0

R/W

Reserved

0x0

Table 158: QSPIC_AWRITECMD_REG (0x34000040)

Bit

Mode

Symbol/Description

Reset

31:19

Reserved

0x0

18:14

R/W

QSPIC_WR_CS_HIGH_MIN

After the execution of the write command, the QSPI_CS remains high for
at least this number of QSPI_SCK clock cycles.

0x0

13:12

R/W

QSPIC_WR_DAT_TX_MD

The mode of the SPI Bus during the data phase of the write command.
0x0: Single SPI

0x1: Dual

0x2: Quad

0x3: Reserved

0x0

11:10

R/W

QSPIC_WR_ADR_TX_MD

The mode of the SPI Bus during the address phase of the write
command.

0x0: Single SPI

0x1: Dual

0x2: Quad

0x3: Reserved

0x0

9:8

R/W

QSPIC_WR_INST_TX_MD

The mode of the SPI Bus during the instruction phase of the write
command.

0x0: Single SPI

0x1: Dual

0x0

Datasheet

Revision 3.0 Dec 28, 2023

CFR0011-120-00

255 of 498 © 2023 Renesas Electronics




LENESAS

DA14592
Multi-Core BLE 5.2 SoC with Embedded Flash Final
Bit Mode Symbol/Description Reset
0x2: Quad
0x3: Reserved
7:0 R/W QSPIC_WR_INST 0x0
This is the value of the instruction that is used, to be programmed the
external SRAM device.

Table 159: QSPIC_MEMBLEN_REG (0x34000044)

Bit Mode Symbol/Description Reset

31:14 - - 0x0
Reserved

13:4 R/W QSPIC_T_CEM_CC 0x0

Defines the maximum allowed time tCEM for which the QSPIC_CS can
stay active (QSPI_CS = 0). It has meaning only when
QSPIC_T_CEM_EN is equal to 1. See also the description of the
QSPIC_T_CEM_EN for more details.

The tCEM is expressed in number of gspi clock cycles and can be
calculated as follows:

tCEM / (gspi_clock_period)
If the result of the above equation is higher than Ox3FF, use the value
Ox3FF.

3 RIW QSPIC_T_CEM_EN 0x0

This bit enables the controlling of the maximum time tCEM for which the
QSPI_CS remains active. It has meaning only when the Auto mode is
active (QSPIC_AUTO_MD = 1) and the external device is a serial SRAM
(QSPIC_SRAM_EN =1). In the case where the external device is a serial
Flash (QSPIC_SRAM_EN = 0) or the controller is in Manual mode
(QSPIC_AUTO_MD = 0), this field has no any effect.

This feature is useful when the external serial device is a dynamic RAM
that requires refresh. If the refresh is applied only when the device is in
the idle state (QSPI_CS = 1), the time for which the device remains in the
active state (QSPI_CS = 0) should be limited by a maximum threshold.

0: There is no any constraint regarding the maximum allowed time for
which QSPI_CS can stay active. This is the case also when
QSPIC_SRAM_EN = 0 or QSPIC_AUTO_MD = 0.

1: There is a maximum allowed time interval tCEM for which QSPI_CS
can stay active during a burst access (for reading or writing of data). For
the controller, this is considered as equal to QSPIC_T_CEM_CC x
gspi_clock_period. In the case where the data transfer requires QSPI_CS
to stay active for more than QSPIC_T_CEM_CC QSPI clock cycles, the
QSPI controller splits the access on the SPI bus in more than one bursts,
by inserting inactive periods (QSPI_CS = 0) between them. This will cost
extra clock cycles for the realization of the original access, due to the
additional commands that are required in the SPI bus.

The value in QSPIC_T_CEM_CC should be updated every time where
the frequency of the QSPI clock is modified. The QSPI clock frequency
should not be decreased more than a lowest frequency. This is the lowest
frequency that enables to be performed a 32-bit word read and write
access, without violating the tCEM timing requirement (the QSPI
controller allows to be performed at least the transferring of one beat of
the requested burst, independent of the QSPIC_T_CEM_CC limit).

2:0 R/W QSPIC_MEMBLEN 0x0

In this register, the expected behavior of the external memory device
regarding the length of a burst operation is defined:
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Bit Mode Symbol/Description Reset
0x0: The external memory device is capable of implementing incremental
burst of unspecified length.
0x1: The external memory device implements a wrapping burst of length 4
bytes.
0x2: The external memory device implements a wrapping burst of length 8
bytes.
0x3: The external memory device implements a wrapping burst of length
16 bytes.
0x4: The external memory device implements a wrapping burst of length
32 bytes.
0x5: The external memory device implements a wrapping burst of length
64 bytes.
0x6 — Ox7: Reserved
This setting is used by the QSPI controller when the Auto mode is
enabled (QSPIC_AUTO_MD = 1) to handle the various burst requests of
the AHB bus, in respect of the requirements of the external memory
device.
The external memory device may need to be configured by applying
special instruction to define the kind of the burst operation. This can be
implemented by applying this special instruction with the QSPI controller
in Manual mode (QSPIC_AUTO_MD = 1). Refer to the datasheet of the
external device for more information.
35.5 Real time clock registers
Table 160: Register map RTC
Address Register Description
0x50000400 RTC_CONTROL_REG | RTC Control Register
0x50000404 RTC_HOUR_MODE_ RTC Hour Mode Register
REG
0x50000408 RTC_TIME_REG RTC Time Register
0x5000040C RTC_CALENDAR_RE | RTC Calendar Register
G
0x50000410 RTC_TIME_ALARM_R | RTC Time Alarm Register
EG
0x50000414 RTC_CALENDAR_AL | RTC Calendar Alarm Register
ARM_REG
0x50000418 RTC_ALARM_ENABL | RTC Alarm Enable Register
E_REG
0x5000041C RTC_EVENT_FLAGS | RTC Event Flags Register
_REG
0x50000420 RTC_INTERRUPT_EN | RTC Interrupt Enable Register
ABLE_REG
0x50000424 RTC_INTERRUPT_DI | RTC Interrupt Disable Register
SABLE_REG
0x50000428 RTC_INTERRUPT_M RTC Interrupt Mask Register
ASK_REG
0x5000042C RTC_STATUS_REG RTC Status Register
0x50000430 RTC_KEEP_RTC_RE | RTC Keep RTC Register
G
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Address Register Description
0x50000480 RTC_EVENT_CTRL_ RTC Event Control Register
REG
0x50000488 RTC_PDC_EVENT_P | RTC PDC Event Period Register
ERIOD_REG
0x5000048C RTC_PDC_EVENT_C | RTC PDC Event Clear Register
LEAR_REG
0x50000494 RTC_PDC_EVENT_C | RTC PDC Event Counter Register
NT_REG

Table 161: RTC_CONTROL_REG (0x50000400)

Bit Mode Symbol/Description Reset
1 R/W RTC_CAL_DISABLE Ox1

When this field is set high the RTC stops incrementing the calendar value.
0 R/W RTC_TIME_DISABLE Ox1

When this field is set high the RTC stops incrementing the time value.

Table 162: RTC_HOUR_MODE_REG (0x50000404)

Bit Mode Symbol/Description Reset
0 R/W RTC_HMS 0x0

When this field is set high the RTC operates in 12-hour clock mode;
otherwise, times are in 24 hour clock format.

Table 163: RTC_TIME_REG (0x50000408)

Bit Mode Symbol/Description Reset
31 R/W RTC_TIME_CH 0x0

The value in this register has altered since last read. Read and clear.
30 R/W RTC_TIME_PM 0x0

In 12 hour clock mode, indicates PM when set.
29:28 R/W RTC_TIME_HR_T 0x0
Hours tens. Represented in BCD digit (0-2).

27:24 R/W RTC_TIME_HR_U 0x0
Hours units. Represented in BCD digit (0-9).

23 - - 0x0
Reserved

22:20 RIW RTC_TIME_M_T 0x0

Minutes tens. Represented in BCD digit (0-5).
19:16 RIW RTC_TIME_M_U 0x0
Minutes units. Represented in BCD digit (0-9).

15 - - 0x0

Reserved
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Bit Mode Symbol/Description Reset
14:12 RIW RTC TIME_S T 0x0
Seconds tens. Represented in BCD digit (0-9).
11:8 R/W RTC_TIME_S_U 0x0
Seconds units. Represented in BCD digit (0-9).
7:4 RIW RTC_TIME_H_T 0x0
Hundredths of a second tens. Represented in BCD digit (0-9).
3.0 R/W RTC_TIME_H_U 0x0
Hundredths of a second units. Represented in BCD digit (0-9).
Table 164: RTC_CALENDAR_REG (0x5000040C)
Bit Mode Symbol/Description Reset
31 RIW RTC_CAL_CH 0x0
The value in this register has altered since last read. Read and clear
30 - - 0x0
Reserved
29:28 R/W RTC_CAL_C_T 0x2
Century tens. Represented in BCD digit (1-2).
27:24 RIW RTC CAL C U 0x0
Century units. Represented in BCD digit (0-9).
23:20 R/W RTC CAL Y T 0x0
Year tens. Represented in BCD digit (0-9).
19:16 RIW RTC_CAL_Y_ U 0x0
Year units. Represented in BCD digit (0-9).
15:14 - - 0x0
Reserved
13:12 R/W RTC_CAL_D_T 0x0
Date tens. Represented in BCD digit (0-3).
11:8 RIW RTC_CAL D_U ox1
Date units. Represented in BCD digit (0-9).
7 R/W RTC_CAL_M_T 0x0
Month tens. Represented in BCD digit (0-1).
6:3 RIW RTC_CAL M_U ox1
Month units. Represented in BCD digit (0-9).
2:0 R/W RTC_DAY Ox7
Day of the week (arbitrary) units. Represented in BCD digit (0-7).
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Table 165: RTC_TIME_ALARM_REG (0x50000410)
Bit Mode Symbol/Description Reset
31 - - 0x0
Reserved
30 R/W RTC_TIME_PM 0x0
In 12-hour clock mode, indicates PM when set.
29:28 RIW RTC_TIME_HR_T 0x0
Hours tens. Represented in BCD digit (0-2).
27:24 RIW RTC_TIME_HR U 0x0
Hours units. Represented in BCD digit (0-9).
23 - - 0x0
Reserved
22:20 RIW RTC TIME_M_T 0x0
Minutes tens. Represented in BCD digit (0-5).
19:16 R/W RTC_TIME_M_U 0x0
Minutes units. Represented in BCD digit (0-9).
15 - - 0x0
Reserved
14:12 R/W RTC TIME_S_T 0x0
Seconds tens. Represented in BCD digit (0-9).
11:8 R/W RTC_TIME_S_U 0x0
Seconds units. Represented in BCD digit (0-9).
7:4 RIW RTC_TIME H_T 0x0
Hundredths of a second tens. Represented in BCD digit (0-9).
3.0 R/W RTC_TIME_H_U 0x0
Hundredths of a second units. Represented in BCD digit (0-9).
Table 166: RTC_CALENDAR_ALARM_REG (0x50000414)
Bit Mode Symbol/Description Reset
31:14 R/W - 0x0
Reserved
13:12 R/W RTC CAL D T 0x0
Date tens. Represented in BCD digit (0-3).
11:8 RIW RTC_CAL D U 0x0
Date units. Represented in BCD digit (0-9).
7 R/W RTC_ CAL M_T 0x0
Month tens. Represented in BCD digit (0-1).
6:3 RIW RTC_CAL M_U 0x0
Month units. Represented in BCD digit (0-9).
2:0 - - 0x0
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Bit Mode Symbol/Description Reset

Reserved

Table 167: RTC_ALARM_ENABLE_REG (0x50000418)

Bit Mode Symbol/Description Reset
5 R/W RTC_ALARM_MNTH_EN 0x0

Alarm on month enable. Enable to trigger alarm when data specified in
Calendar Alarm Register (M_T and M_U) has been reached.

4 RIW RTC_ALARM_DATE_EN 0x0

Alarm on date enable. Enable to trigger alarm when data specified in
Calendar Alarm Register (D_T and D_U) has been reached.

3 RIW RTC_ALARM_HOUR_EN 0x0

Alarm on hour enable. Enable to trigger alarm when data specified in
Time Alarm Register (PM, HR_T and HR_U) has been reached.

2 RIW RTC_ALARM_MIN_EN 0x0

Alarm on minute enable. Enable to trigger alarm when data specified in
Time Alarm Register (M_T and M_U) has been reached.

1 R/W RTC_ALARM_SEC_EN 0x0

Alarm on second enable. Enable to trigger alarm when data specified in
Time Alarm Register (S_T and S_U) has been reached.

0 RIW RTC_ALARM_HOS_EN 0x0

Alarm on hundredths of a second enable. Enable to trigger alarm when
data specified in Time Alarm Register (H_T and H_U) has been reached.

Table 168: RTC_EVENT_FLAGS_REG (0x5000041C)

Bit Mode Symbol/Description Reset
6 R RTC_EVENT_ALRM 0x0

Alarm event flag. Indicate that alarm event occurred since the last reset.

5 R RTC_EVENT_MNTH 0x0

Month rolls over event flag. Indicate that month rolls over event occurred
since the last reset.

4 R RTC_EVENT_DATE 0x0

Date rolls over event flag. Indicate that date rolls over event occurred
since the last reset.

3 R RTC_EVENT_HOUR 0x0

Hour rolls over the event flag. Indicate that hour rolls over event occurred
since the last reset.

2 R RTC_EVENT_MIN 0x0

Minute rolls over event flag. Indicate that minute rolls over event occurred
since the last reset.

1 R RTC_EVENT_SEC 0x0

Second rolls over event flag. Indicate that second rolls over event
occurred since the last reset.

0 R RTC_EVENT_HOS 0x0
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Bit Mode Symbol/Description Reset
Hundredths of a second event flag. Indicate that hundredths of a second
rolls over event occurred since the last reset.
Table 169: RTC_INTERRUPT_ENABLE_REG (0x50000420)
Bit Mode Symbol/Description Reset
6 w RTC_ALRM_INT_EN 0x0
Interrupt on alarm enable. Enable to issue the interrupt when alarm event
occurred.
5 w RTC_MNTH_INT_EN 0x0
Interrupt on month enable. Enable to issue the interrupt when month
event occurred.
4 w RTC_DATE_INT_EN 0x0
Interrupt on date enable. Enable to issue the interrupt when date event
occurred.
3 w RTC_HOUR_INT_EN 0x0
Interrupt on hour enable. Enable to issue the interrupt when hour event
occurred.
2 w RTC_MIN_INT_EN 0x0
Interrupt on minute enable. Enable to issue the interrupt when minute
event occurred.
1 w RTC_SEC_INT_EN 0x0
Interrupt on second enable. Enable to issue the interrupt when second
event occurred.
0 w RTC_HOS_INT_EN 0x0
Interrupt on hundredths of a second enable. Enable to issue the interrupt
when hundredths of a second event occurred.
Table 170: RTC_INTERRUPT_DISABLE_REG (0x50000424)
Bit Mode Symbol/Description Reset
6 w RTC_ALRM_INT_DIS 0x0
Interrupt on alarm disable. Disable to issue the interrupt when alarm event
occurred.
5 w RTC_MNTH_INT_DIS 0x0
Interrupt on month disable. Disable to issue the interrupt when month
event occurred.
4 w RTC_DATE_INT_DIS 0x0
Interrupt on date disable. Disable to issue the interrupt when date event
occurred.
3 w RTC_HOUR_INT_DIS 0x0
Interrupt on hour disable. Disable to issue the interrupt when hour event
occurred.
2 w RTC_MIN_INT_DIS 0x0
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Bit Mode Symbol/Description Reset
Interrupt on minute disable. Disable to issue the interrupt when minute
event occurred.
1 w RTC_SEC_INT_DIS 0x0
Interrupt on second disable. Disable to issue the interrupt when second
event occurred.
0 w RTC_HOS_INT_DIS 0x0
Interrupt on hundredths of a second disable. Disable to issue the interrupt
when hundredths of a second event occurred.

Table 171: RTC_INTERRUPT_MASK_REG (0x50000428)

Bit Mode Symbol/Description Reset
6 R RTC_ALRM_INT_MSK 0ox1

Mask alarm interrupt. It can be cleared (set) by setting corresponding bit
(ALRM) in Interrupt Enable Register (Interrupt Disable Register).

5 R RTC_MNTH_INT_MSK ox1

Mask month interrupt. It can be cleared (set) by setting corresponding bit
(MNTH) in Interrupt Enable Register (Interrupt Disable Register).

4 R RTC_DATE_INT_MSK ox1

Mask date interrupt. It can be cleared (set) by setting corresponding bit
(DATE) in Interrupt Enable Register (Interrupt Disable Register).

3 R RTC_HOUR_INT_MSK ox1

Mask hour interrupt. It can be cleared (set) by setting corresponding bit
(HOUR) in Interrupt Enable Register (Interrupt Disable Register).

2 R RTC_MIN_INT_MSK ox1

Mask minute interrupt. It can be cleared (set) by setting corresponding bit
(MIN) in Interrupt Enable Register (Interrupt Disable Register).

1 R RTC_SEC_INT_MSK ox1

Mask second interrupt. It can be cleared (set) by setting corresponding bit
(SEC) in Interrupt Enable Register (Interrupt Disable Register).

0 R RTC_HOS_INT_MSK ox1

Mask hundredths of a second interrupt. It can be cleared (set) by setting
corresponding bit (HOS) in Interrupt Enable Register (Interrupt Disable
Register).

Table 172: RTC_STATUS_REG (0x5000042C)

Bit Mode Symbol/Description Reset
3 R RTC_VALID_CAL_ALM 0ox1

Valid Calendar Alarm. If cleared, then indicates that invalid entry occurred
when writing to Calendar Alarm Register.

2 R RTC_VALID_TIME_ALM 0x1

Valid Time Alarm. If cleared, then indicates that invalid entry occurred
when writing to Time Alarm Register.

1 R RTC_VALID_CAL ox1
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Bit Mode Symbol/Description Reset
Valid Calendar. If cleared, then indicates that invalid entry occurred when
writing to Calendar Register.
0 R RTC_VALID_TIME ox1
Valid Time. If cleared, then indicates that invalid entry occurred when
writing to Time Register.
Table 173: RTC_KEEP_RTC_REG (0x50000430)
Bit Mode Symbol/Description Reset
0 R/W RTC_KEEP 0ox1
Keep RTC. When high, the time and calendar registers and any other
registers which directly affect or are affected by the time and calendar
registers are NOT reset when software reset is applied. When low, the
software reset will reset every register except the keep RTC and control
registers.
Table 174: RTC_EVENT_CTRL_REG (0x50000480)
Bit Mode Symbol/Description Reset
1 R/W RTC_PDC_EVENT_EN 0x0
0 = Event to PDC is disabled. No clear any pending event
1 = Even to PDC is enabled
0 R/W - 0x0
Reserved
Table 175: RTC_PDC_EVENT_PERIOD_REG (0x50000488)
Bit Mode Symbol/Description Reset
12:0 R/W RTC_PDC_EVENT_PERIOD 0x0
RTC will send an event to PDC (if RTC_PDC_EVENT_EN = 1) every
(RTC_PDC_EVENT_PERIOD + 1)*10 ms
Table 176: RTC_PDC_EVENT_CLEAR_REG (0x5000048C)
Bit Mode Symbol/Description Reset
0 R PDC_EVENT_CLEAR 0x0
On read, PDC event is cleared
Table 177: RTC_PDC_EVENT_CNT_REG (0x50000494)
Bit Mode Symbol/Description Reset
12:0 R RTC_PDC_EVENT_CNT 0x0
It gives the current value of the PDC event counter (0 to
RTC_PDC_EVENT_PERIOD)
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35.6 Quadrature decoder registers
Table 178: Register map QDEC
Address Register Description
0x50000500 QDEC_CTRL_REG Quad Decoder control register
0x50000504 QDEC_XCNT_REG Counter value of the X Axis
0x50000508 QDEC_YCNT_REG Counter value of the Y Axis
0x5000050C QDEC_CLOCKDIV_R | Clock divider register
EG
0x50000510 QDEC_CTRL2_REG Quad Decoder port selection register
0x50000514 QDEC_ZCNT_REG Counter value of the Z Axis
0x50000518 QDEC_EVENT_CNT_ | Event counter register
REG
Table 179: QDEC_CTRL_REG (0x50000500)
Bit Mode Symbol/Description Reset
10:3 R/W QDEC_IRQ_THRES 0x2
Defines the number of events on either counter (X or Y or Z) that need to
be reached before an interrupt is generated. Events are equal to
QDEC_IRQ_THRES+1.
2 R/W QDEC_IRQ_STATUS 0x0
1 = Interrupt has occurred
0 = No interrupt pending
Writing 1 clears the pending interrupt
1 RO/WC QDEC_EVENT_CNT_CLR 0x0
Writing 1 QDEC_EVENT_CNT_REG is cleared
0 R/W QDEC_IRQ_ENABLE 0x0
0 = Interrupt is masked
1 = Interrupt is enabled
Table 180: QDEC_XCNT_REG (0x50000504)
Bit Mode Symbol/Description Reset
15:0 R QDEC_X_CNT 0x0
Contains a signed value of the events. Zero when channel is disabled
Table 181: QDEC_YCNT_REG (0x50000508)
Bit Mode Symbol/Description Reset
15:0 R QDEC_Y_CNT 0x0
Contains a signed value of the events. Zero when channel is disabled
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Table 182:

QDEC_CLOCKDIV_REG (0x5000050C)

Final

Bit

Mode

Symbol/Description

Reset

10

R/W

QDEC_PRESCALER_EN

0 = no prescaler enabled
1 =in sleep and active mode, quadrature clock is divided by 2

0x0

9:0

R/W

QDEC_CLOCKDIV

Contains the number of the input clock cycles minus one, that are
required to generate one logic clock cycle.

Clock divider is bypassed when system runs at LP_CLK

Ox3E7

Table 183:

QDEC_CTRL2_REG (0x50000510)

Bit

Mode

Symbol/Description

Reset

14

R/W

QDEC_CHZ_EVENT_MODE

0 = Normal quadrature counting

1 = Counts rising and falling edge of both ports (if both ports change at
the same time, counter increases by 1)

Ox1

13

R/W

QDEC_CHY_EVENT_MODE

0 = Normal quadrature counting

1 = Counts rising and falling edge of both ports (if both ports change at
the same time, counter increases by 1)

Ox1

12

R/W

QDEC_CHX_EVENT_MODE

0 = Normal quadrature counting

1 = Counts rising and falling edge of both ports (if both ports change at
the same time, counter increases by 1)

Ox1

11:8

R/W

QDEC_CHZ_PORT_SEL

Defines which GPIOs are mapped on Channel Z
: none

: PO_00->CHZ_A, P0O_01->CHZ_B
:P0O_02 ->CHZ_A, PO_03->CHZ_B

: P0O_04 -> CHZ_A, PO_05->CHZ_B

: P0O_08 -> CHZ_A, P0O_09 -> CHZ_B
:P0_10->CHZ_A, P0_11->CHZ_B
:P1 00->CHZ_A,P1 02->CHZ_B
:P1 03->CHZ A, P1_05->CHZ_B
:P1_06 ->CHZ_A, P1_07 ->CHZ_B
:P1 08->CHZ_A,P1 09->CHZ_B
10: P1_10->CHZ_A,P1_11->CHZ B
11: P1_12 -> CHZ_A,P1_01 -> CHZ_B
12: P1 04 ->CHZ_A,P1_15->CHZ B
13-31: none

© 00 N O U W N PP O

74

R/W

QDEC_CHY_PORT_SEL

Defines which GPIOs are mapped on Channel Y
0: none

1: PO_00 -> CHY_A, PO_01 -> CHY_B

2: P0_02 -> CHY_A, PO_03 -> CHY_B

3: PO_04 -> CHY_A, PO_05 -> CHY_B
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Bit Mode Symbol/Description Reset
4: P0_08 -> CHY_A, P0O_09 -> CHY_B
5:P0_10-> CHY_A, PO 11 ->CHY_B
6: P1_00-> CHY_A, P1 02 ->CHY_B
7:P1_03-> CHY_A, P1_05->CHY_B
8: P1 06 -> CHY_A, P1 07 ->CHY_B
9: P1_08 -> CHY_A, P1_09 -> CHY_B
10: P1_10-> CHY_A, P1_11->CHY_B
11: P1_12 -> CHY_A, P1 01 -> CHY_B
12: P1_04 -> CHY_A, P1_15->CHY_B
13-31: none
3:0 RIW QDEC_CHX_PORT_SEL 1
Defines which GP1Os are mapped on Channel X
0: none
1: PO_00 -> CHX_A, PO_01 -> CHX_B
2: PO_02 -> CHX_A, PO_03 -> CHX_B
3: PO_04 -> CHX_A, PO 05 -> CHX_B
4: P0_08 -> CHX_A, P0O_09 -> CHX_B
5:PO_10 -> CHX_A, PO_11 -> CHX_B
6: P1 00 -> CHX_A, P1 02 ->CHX_B
7: P1_03 -> CHX_A, P1_05 -> CHX_B
8: P1 06 -> CHX_A, P1 07 -> CHX_B
9: P1_08 -> CHX_A, P1_09 -> CHX_B
10: P1_10-> CHX_A, P1_11-> CHX_B
11: P1_12 -> CHX_A, P1 01-> CHX B
12: P1_04 -> CHX_A, P1_15-> CHX_B
13-31: none
Table 184: QDEC_ZCNT_REG (0x50000514)
Bit Mode Symbol/Description Reset
15:0 R QDEC_Z_CNT 0
Contains a signed value of the events. Zero when channel is disabled
Table 185: QDEC_EVENT_CNT_REG (0x50000518)
Bit Mode Symbol/Description Reset
7:0 R QDEC_EVENT_CNT 0x0
Gives the number of events at all channels.
35.7 SPI controller registers
Table 186: Register map SPI
Address Register Description
0x50020200 SPI_CTRL_REG SPI control register
0x50020204 SPI_CONFIG_REG SPI control register
0x50020208 SPI_CLOCK_REG SPI clock register
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Address Register Description
0x5002020C SPI_FIFO_CONFIG_R | SPI FIFO configuration register

EG
0x50020210 SPI_IRQ_MASK_REG | SPI interrupt mask register
0x50020214 SPI_STATUS_REG SPI status register

0x50020218 SPI_FIFO_STATUS_R | SPI RX/TX FIFO status register
EG

0x5002021C SPI_FIFO_READ_RE SPI RX FIFO read register
G

0x50020220 SPI_FIFO_WRITE_RE | SPI TX FIFO write register
G

0x50020224 SPI_CS_CONFIG_RE | SPI cs configuration register
G

0x5002022C SPI_TXBUFFER_FOR | SPI TX buffer force low value
CE_REG

Table 187: SPI_CTRL_REG (0x50020200)

Bit Mode Symbol/Description Reset
7 R/IW SPI_SWAP_BYTES 0x0

0 = Normal operation
1 =LSB and MSB are swapped in the APB interface

In case of 8-bit SPI interface, DMA/SPI can be configured in 16-bit mode
to off load the bus. Enabling SPI_SWAP_BYTES bytes will read/write
correctly

6 RIW SPI_CAPTURE_AT_NEXT_EDGE 0x0

0 = SPI captures data at correct clock edge

1 = SPI captures data at the next clock edge. (only for Master mode and
high clock)

5 RIW SPI_FIFO_RESET 0x0

0 = FIFO normal operation
1 = FIFO in reset state

4 RIW SPI_DMA_RX_EN 0x0

Applicable only when SPI_RX_EN =1
0 = No DMA request for RX
1 = DMA request when SPI_STATUS_RX_FULL =1

3 RIW SPI_DMA_TX_EN 0x0

Applicable only when SPI_TX_EN =1
0 = No DMA request for TX
1 = DMA request when SPI_STATUS_TX_EMPTY =1

2 RIW SPI_RX_EN 0x0

0 = RX path is disabled
1 = RX path is enabled
Note: if SPI mode = 1 or SPI mode = 3 read-only is not supported

1 RIW SPI_TX_EN 0x0

0 = TX path is disabled
1 = TX path is enabled
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Bit Mode Symbol/Description Reset
0 R/W SPI_EN 0x0
0 = SPI module is disable
1 = SPI module is enable
Table 188: SPI_CONFIG_REG (0x50020204)
Bit Mode Symbol/Description Reset
7 R/W SPI_SLAVE_EN 0x0
0 = SPI module master mode
1 = SPI module slave mode
6:2 R/W SPI_WORD_LENGTH 0x0
Define the SPI word length = 1+ SPI_WORD_LENGTH (range 4 to 32)
1:0 R/W SPI_MODE 0x0
Define the SPI mode (CPOL, CPHA)
0 = new data on falling, capture on rising, Clk low in idle state
1 = new data on rising, capture on falling, Clk low in idle state
2 = new data on rising, capture on falling, Clk high in idle state
3 = new data on falling, capture on rising CIk high in idle state
Table 189: SPI_CLOCK_REG (0x50020208)
Bit Mode Symbol/Description Reset
6:0 R/W SPI_CLK_DIV 0x0
Applicable only in master mode
Defines the SPI clock frequency in master only mode
SPI_CLK = module_clk/2*(SPI_CLK_DIV+1) when SPI_CLK_DIV not
Ox7F
if SPI_CLK_DIV = 0x7F then SPI_CLK = module_clk
Table 190: SPI_FIFO_CONFIG_REG (0x5002020C)
Bit Mode Symbol/Description Reset
74 R/W SPI_RX_TL 0x0
Receive FIFO threshold level in bytes. Control the level of bytes in FIFO
that triggers the RX_FULL interrupt. IRQ has occurred when FIFO level is
more or equal to SPI_RX_TL+1. FIFO level is from 0 to 4
3.0 R/W SPI_TX_TL 0x0
Transmit FIFO threshold level in bytes. Control the level of bytes in FIFO
that triggers the TX_EMPTY interrupt. IRQ has occurred when FIFO level
is less or equal to SPI_TX_TL. FIFO level is from O to 4
Table 191: SPI_IRQ_MASK_REG (0x50020210)
Bit Mode Symbol/Description Reset
1 R/W SPI_IRQ_MASK_RX_FULL 0x0
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Bit Mode Symbol/Description Reset
0 = FIFO RX full IRQ is masked
1 = FIFO RX full IRQ is enabled
0 R/W SPI_IRQ_MASK_TX_EMPTY 0x0
0 = FIFO TX empty IRQ is masked
1 =FIFO TX empty IRQ is enabled
Table 192: SPI_STATUS_REG (0x50020214)
Bit Mode Symbol/Description Reset
1 R SPI_STATUS_RX_FULL 0x0
Auto clear
0 = RX FIFO level is less than SPI_RX_TL+1
1 = RX FIFO level is more or equal to SPI_RX_TL+1
0 R SPI_STATUS_TX_EMPTY 0ox1
Auto clear
0 = TX FIFO level is larger than SPI_TX_TL
1 =TXFIFO level is less or equal to SPI_TX_TL
Table 193: SPI_FIFO_STATUS_REG (0x50020218)
Bit Mode Symbol/Description Reset
15 R SPI_TRANSACTION_ACTIVE 0x0
In master mode
0 = SPI transaction is inactive
1 = SPI transaction is active
14 R SPI_RX_FIFO_OVFL 0x0
When 1, receive data is not written to FIFO because FIFO was full and
interrupt is generated. It clears with SPI_CTRL_REG.SPI_FIFO_RESET
13 R SPI_STATUS_TX_ FULL 0x0
0 = TX FIFO is not full
1 =TXFIFO is full
12 R SPI_STATUS_RX_EMPTY 0x1
0 = RX FIFO is not empty
1 = RX FIFO is empty
11:6 R SPI_TX_FIFO_LEVEL 0x0
Gives the number of bytes in TX FIFO
5:0 R SPI_RX_FIFO_LEVEL 0x0
Gives the number of bytes in RX FIFO
Table 194: SPI_FIFO_READ_REG (0x5002021C)
Bit Mode Symbol/Description Reset
31:.0 R SPI_FIFO_READ 0x0
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Bit Mode Symbol/Description Reset

Read from RX FIFO. Read access is permitted only if
SPI_RX_FIFO_EMPTY =0.

Table 195: SPI_FIFO_WRITE_REG (0x50020220)

Bit Mode
31:0 RO/W

Symbol/Description Reset
SPI_FIFO_WRITE 0x0
Write to TX FIFO. Write access is permit only if SPI_TX_FIFO_FULL is O

Table 196: SPI_CS_CONFIG_REG (0x50020224)

Bit Mode
2.0 R/W

Symbol/Description Reset
SPI_CS_SELECT 0x0

Control the cs output in master mode
0 = None slave device selected

1 = Selected slave device connected to GPIO with FUNC_MODE =
SPI_EN

2 = Selected slave device connected to GPIO with FUNC_MODE =
SPI_EN2

4 = Selected slave device connected to GPIO with FUNC_MODE = GPIO

Table 197: SPI_TXBUFFER_FORCE_REG (0x5002022C)

Bit Mode
31:.0 W

Symbol/Description Reset
SPI_TXBUFFER_FORCE 0x0

Write directly to the TX buffer. It must be used only in slave mode

35.8 12C controller registers

Table 198: Register map 12C

Address Register Description

0x50020300 I2C_CON_REG I2C Control Register

0x50020304 I2C_TAR_REG I2C Target Address Register

0x50020308 12C_SAR_REG I2C Slave Address Register

0x5002030C 12C_HS_MADDR_RE I12C High Speed Master Mode Code Address Register

G

0x50020310 12C_DATA CMD_RE I2C RX/TX Data Buffer and Command Register
G
0x50020314 I2C_SS_SCL_HCNT_ | Standard Speed 12C Clock SCL High Count Register
REG
0x50020318 12C_SS_SCL_LCNT_ Standard Speed 12C Clock SCL Low Count Register
REG
0x5002031C I2C_FS_SCL_HCNT_ | Fast Speed 12C Clock SCL High Count Register
REG
0x50020320 I2C_FS_SCL_LCNT_ Fast Speed 12C Clock SCL Low Count Register
REG
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0x50020324 12C_HS_SCL_HCNT_ | High Speed 12C Clock SCL High Count Register
REG
0x50020328 12C_HS_SCL_LCNT_ High Speed 12C Clock SCL Low Count Register
REG
0x5002032C I2C_INTR_STAT_REG | I2C Interrupt Status Register
0x50020330 12C_INTR_MASK_RE 12C Interrupt Mask Register
G
0x50020334 12C_RAW_INTR_STA I2C Raw Interrupt Status Register
T_REG
0x50020338 12C_RX_TL_REG I2C Receive FIFO Threshold Register
0x5002033C 12C_TX _TL_REG I12C Transmit FIFO Threshold Register
0x50020340 12C_CLR_INTR_REG Clear Combined and Individual Interrupt Register
0x50020344 12C_CLR_RX_UNDER | Clear RX_UNDER Interrupt Register
_REG
0x50020348 12C_CLR_RX_OVER_ | Clear RX_OVER Interrupt Register
REG
0x5002034C 12C_CLR_TX_OVER_ | Clear TX_OVER Interrupt Register
REG
0x50020350 12C_CLR_RD_REQ_R | Clear RD_REQ Interrupt Register
EG
0x50020354 12C_CLR_TX_ABRT_ Clear TX_ABRT Interrupt Register
REG
0x50020358 I2C_CLR_RX_DONE_ | Clear RX_DONE Interrupt Register
REG
0x5002035C 12C_CLR_ACTIVITY_ Clear ACTIVITY Interrupt Register
REG
0x50020360 I2C_CLR_STOP_DET | Clear STOP_DET Interrupt Register
_REG
0x50020364 I2C_CLR_START_DE | Clear START_DET Interrupt Register
T_REG
0x50020368 12C_CLR_GEN_CALL | Clear GEN_CALL Interrupt Register
_REG
0x5002036C 12C_ENABLE_REG I12C Enable Register
0x50020370 12C_STATUS_REG I12C Status Register
0x50020374 I2C_TXFLR_REG I2C Transmit FIFO Level Register
0x50020378 12C_RXFLR_REG I12C Receive FIFO Level Register
0x5002037C 12C_SDA_HOLD_REG | I12C SDA Hold Time Length Register
0x50020380 12C_TX_ABRT_SOUR | I2C Transmit Abort Source Register
CE_REG
0x50020388 12C_DMA_CR_REG DMA Control Register
0x5002038C 12C_DMA_TDLR_REG | DMA Transmit Data Level Register
0x50020390 12C_DMA RDLR_RE I2C Receive Data Level Register
G
0x50020394 I2C_SDA_SETUP_RE | 12C SDA Setup Register
G
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Address

Register

Description

0x50020398

I2C_ACK_GENERAL_
CALL_REG

I2C ACK General Call Register

0x5002039C

12C_ENABLE_STATU
S _REG

I2C Enable Status Register

0x500203A0

12C_IC_FS_SPKLEN_
REG

I12C SS and FS spike suppression limit Size

0x500203A4

12C_IC_HS_SPKLEN_
REG

I12C HS spike suppression limit Size

Table 199:

I2C_CON_REG (0x50020300)

Bit

Mode

Symbol/Description

Reset

31:11

Reserved

0x0

10

I2C_STOP_DET_IF_MASTER_ACTIVE

In Master mode:
1 = Issues the STOP_DET interrupt only when master is active.
0 = Issues the STOP_DET irrespective of whether master is active or not.

0x0

R/W

12C_RX_FIFO_FULL_HLD_CTRL

This bit controls whether DW_apb_i2c¢ should hold the bus when the RX
FIFO is physically full to its RX_BUFFER_DEPTH

1 = Hold bus when RX_FIFO is full

0 = Overflow when RX_FIFO is full

0x0

R/W

I2C_TX_EMPTY_CTRL

This bit controls the generation of the TX_EMPTY interrupt, as described
in the IC_RAW_INTR_STAT register.

1 = Controlled generation of TX_EMPTY interrupt

0 = Default behavior of TX_EMPTY interrupt

0x0

R/W

I2C_STOP_DET_IFADDRESSED

1 = Slave issues STOP_DET interrupt only if addressed
0 = Slave issues STOP_DET interrupt always

During a general call address, this slave does not issue the STOP_DET
interrupt if STOP_DET_IF_ADDRESSED = 1'b1, even if the slave
responds to the general call address by generating ACK. The STOP_DET
interrupt is generated only when the transmitted address matches the
slave address (SAR).

0x0

R/W

I2C_SLAVE_DISABLE

Slave enabled or disabled after reset is applied, which means software
does not have to configure the slave.

0 = Slave is enabled

1 = Slave is disabled

Software should ensure that if this bit is written with 0, then bit O should
also be written with a 0.

0x1

R/W

I2C_RESTART_EN

Determines whether RESTART conditions may be sent when acting as a
master

0 = Disable

1 = Enable

0x1
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Bit Mode Symbol/Description Reset
4 R/W 12C_10BITADDR_MASTER Ox1

Controls whether the controller starts its transfers in 7- or 10-bit
addressing mode when acting as a master.

0 = 7-bit addressing
1 = 10-bit addressing

3 R/W 12C_10BITADDR_SLAVE 0x1

When acting as a slave, this bit controls whether the controller responds
to 7- or 10-bit addresses.

0= 7-bit addressing
1= 10-bit addressing

2:1 R/W I2C_SPEED 0x3

These bits control at which speed the controller operates.
1 = Standard mode (100 kbit/s)

2 = Fast mode (400 kbit/s)

3 = High speed mode

0 RIW 12C_MASTER_MODE ox1

This bit controls whether the controller master is enabled.
0 = Master disabled
1 = Master enabled

Software should ensure that if this bit is written with 1 then bit 6 should
also be written with a 1.

Table 200: 12C_TAR_REG (0x50020304)

Bit Mode Symbol/Description Reset

31:12 - - 0x0
Reserved

11 R/W SPECIAL 0x0
On read

This bit indicates whether software performs a General Call or START
BYTE command.

0 = Ignore bit 10 GC_OR_START and use IC_TAR normally
1 = Perform special 12C command as specified in GC_OR_START bit
On write

1 = Enables programming of GENERAL_CALL or START_BYTE
transmission

0 = Disables programming of GENERAL_CALL or START_BYTE
transmission

Writes to this register succeed only when IC_ENABLEJO] is set to 0.
10 R/W GC_OR_START 0x0

On read

If bit 11 (SPECIAL) is set to 1, then this bit indicates whether a General
Call or START byte command is to be performed by the controller.

0 = General Call Address - after issuing a General Call, only writes may
be performed. Attempting to issue a read command results in setting bit 6
(TX_ABRT) of the IC_RAW_INTR_STAT register. The controller remains
in General Call mode until the SPECIAL bit value (bit 11) is cleared.

1=START BYTE
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Bit Mode Symbol/Description Reset
On write

1 = START byte transmission
0 = GENERAL_CALL byte transmission
Writes to this register succeed only when IC_ENABLE[O0] is set to O.

9:0 R/W IC_TAR 0x55

This is the target address for any master transaction. When transmitting a
General Call, these bits are ignored. To generate a START BYTE, the
CPU needs to write only once into these bits.

Note: If the IC_TAR and IC_SAR are the same, loopback exists but the
FIFOs are shared between master and slave, so full loopback is not
feasible. Only one direction loopback mode is supported (simplex), not
duplex. A master cannot transmit to itself; it can transmit to only a slave

Writes to this register succeed only when IC_ENABLEJ0] is set to 0.

Table 201: 12C_SAR_REG (0x50020308)

Bit Mode Symbol/Description Reset

31:10 - - 0x0
Reserved

9:0 R/W IC_SAR 0x55

The IC_SAR holds the slave address when the 12C is operating as a
slave. For 7-bit addressing, only IC_SAR][6:0] is used. This register can be
written only when the 12C interface is disabled, which corresponds to the
IC_ENABLE register being set to 0. Writes at other times have no effect.

Writes to this register succeed only when IC_ENABLEJO] is set to 0.

Table 202: 12C_HS_MADDR_REG (0x5002030C)

Bit Mode Symbol/Description Reset
2:0 RIW I2C_IC_HS_MAR 0x1

This bit field holds the value of the 12C HS mode master code. HS-mode
master codes are reserved 8-bit codes (00001xxx) that are not used for
slave addressing or other purposes. Each master has its uniqgue master
code; up to eight high-speed mode masters can be present on the same
I12C bus system. Valid values are from 0 to 7. This register can be written
only when the 12C interface is disabled, which corresponds to the
IC_ENABLE[O] register being set to 0. Writes at other times have no
effect.

Table 203: 12C_DATA_CMD_REG (0x50020310)

Bit Mode Symbol/Description Reset

30:11 - = 0x0
Reserved

10 w I2C_RESTART 0x0

This bit controls whether a RESTART is issued before the byte is sent or
received.

1=If IC_RESTART_EN s 1, a RESTART is issued before the data is
sent/received (according to the value of CMD), regardless of whether or
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Bit Mode Symbol/Description Reset

not the transfer direction is changing from the previous command,; if
IC_RESTART_EN is 0, a STOP followed by a START is issued instead.

0=If IC_RESTART_EN is 1, a RESTART is issued only if the transfer
direction is changing from the previous command; if IC_RESTART_EN is
0, a STOP followed by a START is issued instead.

9 w I2C_STOP 0x0

This bit controls whether a STOP is issued after the byte is sent or
received.

1 = STOP is issued after this byte, regardless of whether or not the TX
FIFO is empty. If the TX FIFO is not empty, the master immediately tries
to start a new transfer by issuing a START and arbitrating for the bus.

0 = STOP is not issued after this byte, regardless of whether or not the TX
FIFO is empty. If the TX FIFO is not empty, the master continues the
current transfer by sending/receiving data bytes according to the value of
the CMD bit. If the TX FIFO is empty, the master holds the SCL line low
and stalls the bus until a new command is available in the TX FIFO.

8 w 12C_CMD 0x0

This bit controls whether a read or a write is performed. This bit does not
control the direction when the 12C Ctrl acts as a slave. It controls only the
direction when it acts as a master.

1=Read

0 = Write

When a command is entered in the TX FIFO, this bit distinguishes the
write and read commands. In slave-receiver mode, this bit is a "don't care"
because writes to this register are not required. In slave-transmitter mode,
a "0" indicates that CPU data is to be transmitted and as DAT or
IC_DATA_CMD[7:0]. When programming this bit, you should remember
the following: attempting to perform a read operation after a General Call
command has been sent results in a TX_ABRT interrupt (bit 6 of the
I2C_RAW_INTR_STAT_REG), unless bit 11 (SPECIAL) in the 12C_TAR
register has been cleared.

If a "1" is written to this bit after receiving a RD_REQ interrupt, then a
TX_ABRT interrupt occurs.

NOTE: It is possible that while attempting a master 12C read transfer on
the controller, a RD_REQ interrupt may have occurred simultaneously
due to a remote I12C master addressing the controller. In this type of
scenario, it ignores the 12C_DATA_CMD write, generates a TX_ABRT
interrupt, and waits to service the RD_REQ interrupt

7:0 R/W 12C_DAT 0x0

This register contains the data to be transmitted or received on the 12C
bus. If you are writing to this register and want to perform a read, bits 7:0
(DAT) are ignored by the controller. However, when you read this register,
these bits return the value of data received on the controller's interface.

Table 204: [2C_SS_SCL_HCNT_REG (0x50020314)

Bit Mode Symbol/Description Reset
15:0 R/IW IC_SS_SCL_HCNT 0x91

This register must be set before any 12C bus transaction can take place to
ensure proper I/O timing. This register sets the SCL clock high-period
count for standard speed. This register can be written only when the 12C
interface is disabled which corresponds to the IC_ENABLE register being
set to 0. Writes at other times have no effect.

The minimum valid value is 6; hardware prevents values less than this
being written, and if attempted results in 6 being set.
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Bit Mode Symbol/Description Reset

NOTE: This register must not be programmed to a value higher than
65525, because the controller uses a 16-bit counter to flag an 12C bus idle
condition when this counter reaches a value of IC_SS_SCL_HCNT + 10.

Table 205: 12C_SS_SCL_LCNT_REG (0x50020318)

Bit Mode Symbol/Description Reset
15:0 RIW IC_SS_SCL_LCNT OXAB

This register must be set before any I12C bus transaction can take place to
ensure proper I/O timing. This register sets the SCL clock low period
count for standard speed.

This register can be written only when the 12C interface is disabled which
corresponds to the 1I2C_ENABLE register being set to 0. Writes at other
times have no effect.

The minimum valid value is 8; hardware prevents values less than this
being written, and if attempted, results in 8 being set.

Table 206: [2C_FS_SCL_HCNT_REG (0x5002031C)

Bit Mode Symbol/Description Reset
15:0 R/IW IC_FS_SCL_HCNT Ox1A

This register must be set before any 12C bus transaction can take place to
ensure proper I/O timing. This register sets the SCL clock high-period
count for fast speed. It is used in high-speed mode to send the Master
Code and START BYTE or General CALL. This register can be written
only when the 12C interface is disabled, which corresponds to the
I2C_ENABLE register being set to 0. Writes at other times have no effect.

The minimum valid value is 6; hardware prevents values less than this
being written, and if attempted results in 6 being set.

Table 207: 12C_FS_SCL_LCNT_REG (0x50020320)

Bit Mode Symbol/Description Reset
15:0 R/W IC_FS_SCL_LCNT 0x32

This register must be set before any 12C bus transaction can take place to
ensure proper /O timing. This register sets the SCL clock low-period
count for fast speed. It is used in high-speed mode to send the Master
Code and START BYTE or General CALL. This register can be written
only when the 12C interface is disabled, which corresponds to the
I2C_ENABLE register being set to 0. Writes at other times have no effect.

The minimum valid value is 8; hardware prevents values less than this
being written, and if attempted results in 8 being set. For designs with
APB_DATA_WIDTH = 8 the order of programming is important to ensure
the correct operation of the controller. The lower byte must be
programmed first. Then the upper byte is programmed.

Table 208: 12C_HS_SCL_HCNT_REG (0x50020324)

Bit Mode Symbol/Description Reset
15:0 RIW IC_HS_SCL_HCNT 0x6
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Bit Mode Symbol/Description Reset

This register must be set before any 12C bus transaction can take place to
ensure proper I/O timing. This register sets the SCL clock high period
count for high speed.refer to "IC_CLK Frequency Configuration”.

The SCL High time depends on the loading of the bus. For 100 pF
loading, the SCL High time is 60 ns; for 400 pF loading, the SCL High
time is 120 ns. This register goes away and becomes read-only returning
0 s if IC_MAX_SPEED_MODE != high.

This register can be written only when the 12C interface is disabled, which
corresponds to the IC_ENABLE][0] register being set to 0. Writes at other
times have no effect.

The minimum valid value is 6; hardware prevents values less than this
being written, and if attempted results in 6 being set. For designs with
APB_DATA_WIDTH = 8 the order of programming is important to ensure
the correct operation of the DW_apb_i2c. The lower byte must be
programmed first. Then the upper byte is programmed.

Table 209: [2C_HS_SCL_LCNT_REG (0x50020328)

Bit Mode Symbol/Description Reset
15:0 R/IW IC_HS _SCL_LCNT 0x10

This register must be set before any 12C bus transaction can take place to
ensure proper I/O timing. This register sets the SCL clock low period
count for high speed. For more information, refer to "IC_CLK Frequency
Configuration".

The SCL low time depends on the loading of the bus. For 100 pF loading,
the SCL low time is 160 ns; for 400 pF loading, the SCL low time is 320
ns. This register goes away and becomes read-only returning 0s if
IC_MAX_SPEED_MODE != high.

This register can be written only when the 12C interface is disabled, which
corresponds to the IC_ENABLEJ[0] register being set to 0. Writes at other
times have no effect.

The minimum valid value is 8; hardware prevents values less than this
being written, and if attempted results in 8 being set. For designs with
APB_DATA_WIDTH == 8 the order of programming is important to ensure
the correct operation of the DW_apb_i2c. The lower byte must be
programmed first. Then the upper byte is programmed. If the value is less
than 8 then the count value gets changed to 8.

Table 210: 12C_INTR_STAT_REG (0x5002032C)

Bit Mode Symbol/Description Reset

31:15 - = 0x0
Reserved

14 R R_SCL_STUCK_AT_LOW 0x0

1=R_SCL_STUCK_AT_LOW interrupt is active
0 =R_SCL_STUCK_AT_LOW interrupt is inactive

13 R R_MASTER_ON_HOLD 0x0

Indicates whether master is holding the bus and TX FIFO is empty.
Enabled only when 12C_DYNAMIC_TAR_UPDATE =1 and
IC_EMPTYFIFO_HOLD_MASTER_EN = 1.

12 R R_RESTART DET 0x0
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Bit Mode Symbol/Description Reset
Indicates whether a RESTART condition has occurred on the 12C
interface when DW_apb_i2c is operating in Slave mode and the slave is
being addressed.
Enabled only when IC_SLV_RESTART_DET_EN = 1.
Note: However, in high-speed mode or during a START BYTE transfer,
the RESTART comes before the address field as per the 12C protocol. In
this case, the slave is not the addressed slave when the RESTART is
issued, therefore DW_apb_i2c does not generate the RESTART_DET
interrupt.
11 R R_GEN_CALL 0x0

Set only when a General Call address is received, and it is acknowledged.
It stays set until it is cleared either by disabling controller or when the
CPU reads bit 0 of the I2C_CLR_GEN_CALL register. The controller
stores the received data in the RX buffer.

10 R R_START_DET 0x0

Indicates whether a START or RESTART condition has occurred on the
I12C interface regardless of whether controller is operating in slave or
master mode.

9 R R_STOP_DET 0x0

Indicates whether a STOP condition has occurred on the 12C interface
regardless of whether controller is operating in slave or master mode.

8 R R_ACTIVITY 0x0

This bit captures 12C Ctrl activity and stays set until it is cleared. There
are four ways to clear it:

- Disabling the 12C Ctrl

- Reading the IC_CLR_ACTIVITY register
- Reading the IC_CLR_INTR register

- System reset

Once this bit is set, it stays set unless one of the four methods is used to
clear it. Even if the controller module is idle, this bit remains set until
cleared, indicating that there was activity on the bus.

7 R R_RX_DONE 0x0

When the controller is acting as a slave-transmitter, this bit is set to 1 if
the master does not acknowledge a transmitted byte. This occurs on the
last byte of the transmission, indicating that the transmission is done.

6 R R_TX_ABRT 0x0

This bit indicates if the controller, as an 12C transmitter, is unable to
complete the intended actions on the contents of the transmit FIFO. This
situation can occur both as an 12C master or an I12C slave and is referred
to as a "transmit abort".

When this bit is set to 1, the 12C_TX_ABRT_SOURCE register indicates
the reason why the transmit abort takes places.

NOTE: The controller flushes/resets/empties the TX FIFO whenever this
bit is set. The TX FIFO remains in this flushed state until the register
I2C_CLR_TX_ABRT is read. Once this read is performed, the TX FIFO is
then ready to accept more data bytes from the APB interface.

5 R R_RD_REQ 0x0

This bit is set to 1 when the controller is acting as a slave and another 12C
master is attempting to read data from the controller. The controller holds
the 12C bus in a wait state (SCL = 0) until this interrupt is serviced, which
means that the slave has been addressed by a remote master that is
asking for data to be transferred. The processor must respond to this
interrupt and then write the requested data to the I2C_ DATA CMD
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Bit

Mode Symbol/Description

Reset

register. This bit is set to 0 just after the processor reads the
I2C_CLR_RD_REQ register

R R_TX_EMPTY

longer activity, then with ic_en = 0, this bit is set to 0.

This bit is set to 1 when the transmit buffer is at or below the threshold
value set in the 12C_TX_TL register. It is automatically cleared by
hardware when the buffer level goes above the threshold. When the
IC_ENABLE bit 0 is 0, the TX FIFO is flushed and held in reset. There the
TX FIFO looks like it has no data within it, so this bit is set to 1,
there is activity in the master or slave state machines. When there is no

0x0

provided

R R_TX_OVER

this interrupt is cleared

Set during transmit if the transmit buffer is filled to 32 and the processor
attempts to issue another I2C command by writing to the IC_DATA_CMD
register. When the module is disabled, this bit keeps its level until the
master or slave state machines go into idle, and when ic_en goes to 0,

0x0

R R_RX_FULL

buffer level goes below the threshold. If the module is disabled

Set when the receive buffer reaches or goes above the RX_TL threshold
in the 12C_RX_TL register. It is automatically cleared by hardware when

(I2C_ENABLEJO0] = 0), the RX FIFO is flushed and held in reset; therefore
the RX FIFO is not full. So, this bit is cleared once the 12C_ENABLE bit 0
is programmed with a 0, regardless of the activity that continues.

0x0

R R_RX_OVER

is cleared.

Set if the receive buffer is completely filled to 32 and an additional byte is
received from an external 12C device. The controller acknowledges this,
but any data bytes received after the FIFO is full are lost. If the module is
disabled (I2C_ENABLE[0] = 0), this bit keeps its level until the master or
slave state machines go into idle, and when ic_en goes to 0, this interrupt

0x0

R R_RX_UNDER

cleared.

Set if the processor attempts to read the receive buffer when it is empty
by reading from the IC_DATA_CMD register. If the module is disabled
(I2C_ENABLE[0Q] = 0), this bit keeps its level until the master or slave
state machines go into idle, and when ic_en goes to 0, this interrupt is

0x0

Table 211:

12C_INTR_MASK_REG (0x50020330)

Bit

Mode Symbol/Description

Reset

31:15

Reserved

0x0

14

R M_SCL_STUCK_AT_LOW
M_SCL_STUCK_AT_LOW Register field Reserved bits

0x0

13

RIW M_MASTER_ON_HOLD

These bits mask their corresponding interrupt status bits in the
I2C_INTR_STAT register.

0x0

12

RIW M_RESTART DET

These bits mask their corresponding interrupt status bits in the
I2C_INTR_STAT register.

0x0
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Bit Mode Symbol/Description Reset
11 R/W M_GEN_CALL 0x1
These bits mask their corresponding interrupt status bits in the
I2C_INTR_STAT register.
10 R/W M_START_DET 0x0
These bits mask their corresponding interrupt status bits in the
I2C_INTR_STAT register.
9 R/W M_STOP_DET 0x0
These bits mask their corresponding interrupt status bits in the
I2C_INTR_STAT register.
8 R/W M_ACTIVITY 0x0
These bits mask their corresponding interrupt status bits in the
I2C_INTR_STAT register.
7 R/W M_RX_DONE 0x1
These bits mask their corresponding interrupt status bits in the
I2C_INTR_STAT register.
6 R/W M_TX_ABRT 0ox1
These bits mask their corresponding interrupt status bits in the
I2C_INTR_STAT register.
5 R/W M_RD_REQ ox1
These bits mask their corresponding interrupt status bits in the
I2C_INTR_STAT register.
4 R/W M_TX_EMPTY 0x1
These bits mask their corresponding interrupt status bits in the
I2C_INTR_STAT register.
3 R/W M_TX_OVER 0ox1
These bits mask their corresponding interrupt status bits in the
I2C_INTR_STAT register.
2 R/W M_RX_FULL 0x1
These bits mask their corresponding interrupt status bits in the
I2C_INTR_STAT register.
1 R/W M_RX_OVER ox1
These bits mask their corresponding interrupt status bits in the
I2C_INTR_STAT register.
0 R/W M_RX_UNDER 0x1
These bits mask their corresponding interrupt status bits in the
I2C_INTR_STAT register.
Table 212: 12C_RAW _INTR_STAT_REG (0x50020334)
Bit Mode Symbol/Description Reset
31:15 - - 0x0
Reserved
14 R SCL_STUCK_AT_LOW 0x0
CL_STUCK_AT_LOW Register field Reserved bits
13 R MASTER_ON_HOLD 0x0
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Bit Mode Symbol/Description Reset
Indicates whether master is holding the bus and TX FIFO is empty.

Enabled only when 12C_DYNAMIC_TAR_UPDATE =1 and
IC_EMPTYFIFO_HOLD_MASTER_EN =1.

12 R RESTART_DET 0x0
Indicates whether a RESTART condition has occurred on the 12C
interface when DW_apb_i2c is operating in Slave mode and the slave is
being addressed.

Enabled only when IC_SLV_RESTART_DET_EN=1.

Note: However, in high-speed mode or during a START BYTE transfer,
the RESTART comes before the address field as per the 12C protocol. In
this case, the slave is not the addressed slave when the RESTART is
issued, therefore DW_apb_i2c does not generate the RESTART_DET
interrupt.

11 R GEN_CALL 0x0

Set only when a General Call address is received and it is acknowledged.
It stays set until it is cleared either by disabling controller or when the
CPU reads bit 0 of the 12C_CLR_GEN_CALL register. 12C Ctrl stores the

received data in the RX buffer.

10 R START_DET 0x0
Indicates whether a START or RESTART condition has occurred on the
I12C interface regardless of whether controller is operating in slave or
master mode.

9 R STOP_DET 0x0
Indicates whether a STOP condition has occurred on the 12C interface
regardless of whether controller is operating in slave or master mode.

8 R ACTIVITY 0x0
This bit captures 12C Ctrl activity and stays set until it is cleared. There
are four ways to clear it:

- Disabling the 12C Ctrl

- Reading the IC_CLR_ACTIVITY register

- Reading the IC_CLR_INTR register

- System reset

Once this bit is set, it stays set unless one of the four methods is used to
clear it. Even if the controller module is idle, this bit remains set until
cleared, indicating that there was activity on the bus.

7 R RX_DONE 0x0
When the controller is acting as a slave-transmitter, this bit is set to 1 if
the master does not acknowledge a transmitted byte. This occurs on the
last byte of the transmission, indicating that the transmission is done.

6 R TX_ABRT 0x0
This bit indicates if the controller, as an 12C transmitter, is unable to
complete the intended actions on the contents of the transmit FIFO. This
situation can occur both as an 12C master or an 12C slave and is referred
to as a "transmit abort".

When this bit is set to 1, the 12C_TX_ABRT_SOURCE register indicates

the reason why the transmit abort takes place.

NOTE: The controller flushes/resets/empties the TX FIFO whenever this

bit is set. The TX FIFO remains in this flushed state until the register

I2C_CLR_TX_ABRT is read. Once this read is performed, the TX FIFO is

then ready to accept more data bytes from the APB interface.

5 R RD_REQ 0x0
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Bit Mode Symbol/Description Reset

This bit is set to 1 when 12C Ctrl is acting as a slave and another 12C
master is attempting to read data from the controller. The controller holds
the 12C bus in a wait state (SCL = 0) until this interrupt is serviced, which
means that the slave has been addressed by a remote master that is
asking for data to be transferred. The processor must respond to this
interrupt and then write the requested data to the 1I2C_DATA_CMD
register. This bit is set to 0 just after the processor reads the
I2C_CLR_RD_REQ register

4 R TX_EMPTY 0x0

This bit is set to 1 when the transmit buffer is at or below the threshold
value set in the 1I2C_TX_TL register. It is automatically cleared by
hardware when the buffer level goes above the threshold. When the
IC_ENABLE bit 0 is 0, the TX FIFO is flushed and held in reset. There the
TX FIFO looks like it has no data within it, so this bit is set to 1, provided
there is activity in the master or slave state machines. When there is no
longer activity, then with ic_en = 0, this bit is set to 0.

3 R TX_OVER 0x0

Set during transmit if the transmit buffer is filled to 32 and the processor
attempts to issue another 12C command by writing to the IC_DATA_CMD
register. When the module is disabled, this bit keeps its level until the
master or slave state machines go into idle, and when ic_en goes to 0,
this interrupt is cleared

2 R RX_FULL 0x0

Set when the receive buffer reaches or goes above the RX_TL threshold
in the 12C_RX_TL register. It is automatically cleared by hardware when
buffer level goes below the threshold. If the module is disabled
(I2C_ENABLEJ0] = 0), the RX FIFO is flushed and held in reset; therefore
the RX FIFO is not full. So, this bit is cleared once the I2C_ENABLE bit 0
is programmed with a 0, regardless of the activity that continues.

1 R RX_OVER 0x0

Set if the receive buffer is completely filled to 32 and an additional byte is
received from an external 12C device. The controller acknowledges this,
but any data bytes received after the FIFO is full are lost. If the module is
disabled (I2C_ENABLE[0] = 0), this bit keeps its level until the master or
slave state machines go into idle, and when ic_en goes to 0, this interrupt
is cleared.

0 R RX_UNDER 0x0

Set if the processor attempts to read the receive buffer when it is empty
by reading from the IC_DATA_CMD register. If the module is disabled
(I2C_ENABLEJ0] = 0), this bit keeps its level until the master or slave
state machines go into idle, and when ic_en goes to 0, this interrupt is
cleared.

Table 213: 12C_RX_TL_REG (0x50020338)

Bit Mode Symbol/Description Reset

31:5 - - 0x0
Reserved

4:0 RIW RX_TL 0x0

Receive FIFO Threshold Level Controls the level of entries (or above) that
triggers the RX_FULL interrupt (bit 2 in 12C_RAW_INTR_STAT register).
The valid range is 0-31, with the additional restriction that hardware does
not allow this value to be set to a value larger than the depth of the buffer.
If an attempt is made to do that, the actual value set will be the maximum
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Bit Mode Symbol/Description Reset
depth of the buffer. A value of 0 sets the threshold for 1 entry, and a value
of 31 sets the threshold for 32 entries.
Table 214: 12C_TX_TL_REG (0x5002033C)
Bit Mode Symbol/Description Reset
315 - - 0x0
Reserved
4.0 R/W TX_TL 0x0
Transmit FIFO Threshold Level Controls the level of entries (or below)
that trigger the TX_EMPTY interrupt (bit 4 in I2C_RAW_INTR_STAT
register). The valid range is 0-31, with the additional restriction that it may
not be set to value larger than the depth of the buffer. If an attempt is
made to do that, the actual value set will be the maximum depth of the
buffer. A value of 0 sets the threshold for O entries, and a value of 31 sets
the threshold for 32 entries.
Table 215: 12C_CLR_INTR_REG (0x50020340)
Bit Mode Symbol/Description Reset
311 - - 0x0
Reserved
0 R CLR_INTR 0x0
Read this register to clear the combined interrupt, all individual interrupts,
and the 12C_TX_ABRT_SOURCE register. This bit does not clear
hardware clearable interrupts but software clearable interrupts. Refer to
Bit 9 of the 12C_TX_ABRT_SOURCE register for an exception to clearing
I2C_TX_ABRT_SOURCE
Table 216: 12C_CLR_RX _UNDER_REG (0x50020344)
Bit Mode Symbol/Description Reset
311 - - 0x0
Reserved
0 R CLR_RX_UNDER 0x0
Read this register to clear the RX_UNDER interrupt (bit 0) of the
I2C_RAW_INTR_STAT register.
Table 217: 12C_CLR_RX OVER_REG (0x50020348)
Bit Mode Symbol/Description Reset
311 - - 0x0
Reserved
0 R CLR_RX_OVER 0x0
Read this register to clear the RX_OVER interrupt (bit 1) of the
I2C_RAW_INTR_STAT register.
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Table 218: I12C_CLR_TX_OVER_REG (0x5002034C)
Bit Mode Symbol/Description Reset
311 - - 0x0
Reserved
0 R CLR_TX_OVER 0x0
Read this register to clear the TX_OVER interrupt (bit 3) of the
I2C_RAW_INTR_STAT register.
Table 219: I2C_CLR_RD_REQ_REG (0x50020350)
Bit Mode Symbol/Description Reset
311 - - 0x0
Reserved
0 R CLR_RD_REQ 0x0
Read this register to clear the RD_REQ interrupt (bit 5) of the
I2C_RAW_INTR_STAT register.
Table 220: 12C_CLR_TX_ABRT_REG (0x50020354)
Bit Mode Symbol/Description Reset
311 - - 0x0
Reserved
0 R CLR_TX_ABRT 0x0
Read this register to clear the TX_ABRT interrupt (bit 6) of the
IC_RAW_INTR_STAT register, and the 12C_TX_ABRT_SOURCE
register. This also releases the TX FIFO from the flushed/reset state,
allowing more writes to the TX FIFO. Refer to Bit 9 of the
I2C_TX_ABRT_SOURCE register for an exception to clearing
IC_TX_ABRT_SOURCE.
Table 221: 12C_CLR_RX DONE_REG (0x50020358)
Bit Mode Symbol/Description Reset
311 - - 0x0
Reserved
0 R CLR_RX_DONE 0x0
Read this register to clear the RX_DONE interrupt (bit 7) of the
I2C_RAW_INTR_STAT register.
Table 222: 12C_CLR_ACTIVITY_REG (0x5002035C)
Bit Mode Symbol/Description Reset
311 - - 0x0
Reserved
0 R CLR_ACTIVITY 0x0
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Bit Mode Symbol/Description Reset
Reading this register clears the ACTIVITY interrupt if the 12C is not active
anymore. If the 12C module is still active on the bus, the ACTIVITY
interrupt bit continues to be set. It is automatically cleared by hardware if
the module is disabled and if there is no further activity on the bus. The
value read from this register to get status of the ACTIVITY interrupt (bit 8)
of the IC_RAW_INTR_STAT register
Table 223: I12C_CLR_STOP_DET_REG (0x50020360)
Bit Mode Symbol/Description Reset
311 - - 0x0
Reserved
0 R CLR_STOP_DET 0x0
Read this register to clear the STOP_DET interrupt (bit 9) of the
IC_RAW_INTR_STAT register.
Table 224: 12C_CLR_START_DET_REG (0x50020364)
Bit Mode Symbol/Description Reset
311 - - 0x0
Reserved
0 R CLR_START_DET 0x0
Read this register to clear the START_DET interrupt (bit 10) of the
IC_RAW_INTR_STAT register.
Table 225: 12C_CLR_GEN_CALL_REG (0x50020368)
Bit Mode Symbol/Description Reset
311 - - 0x0
Reserved
0 R CLR_GEN_CALL 0x0
Read this register to clear the GEN_CALL interrupt (bit 11) of
I2C_RAW_INTR_STAT register.
Table 226: 12C_ENABLE_REG (0x5002036C)
Bit Mode Symbol/Description Reset
31:3 - - 0x0
Reserved
2 R/W I2C_TX_CMD_BLOCK 0x0
In Master mode:
1 = Blocks the transmission of data on 12C bus even if TX FIFO has data
to transmit.
0 = The transmission of data starts on I12C bus automatically, as soon as
the first data is available in the TX FIFO.
1 R/W I2C_ABORT 0x0
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Bit Mode Symbol/Description Reset

The software can abort the 12C transfer in master mode by setting this bit.
The software can set this bit only when ENABLE is already set; otherwise,
the controller ignores any write to ABORT bit. The software cannot clear
the ABORT bit once set. In response to an ABORT, the controller issues a
STOP and flushes the TX FIFO after completing the current transfer, then
sets the TX_ABORT interrupt after the abort operation. The ABORT bit is
cleared automatically after the abort operation.

0 R/W I2C_EN 0x0

Controls whether the controller is enabled.
0 = Disables the controller (TX and RX FIFOs are held in an erased state)
1 = Enables the controller

Software can disable the controller while it is active. However, it is
important that care be taken to ensure that the controller is disabled
properly. When the controller is disabled, the following occurs:

* The TX FIFO and RX FIFO get flushed.

* Status bits in the IC_INTR_STAT register are still active until the
controller goes into IDLE state.

If the module is transmitting, it stops as well as deletes the contents of the
transmit buffer after the current transfer is complete. If the module is
receiving, the controller stops the current transfer at the end of the current
byte and does not acknowledge the transfer.

There is a two ic_clk delay when enabling or disabling the controller

Table 227: 12C_STATUS_REG (0x50020370)

Bit Mode Symbol/Description Reset

31:11 - = 0x0
Reserved

10 R LV_HOLD_RX_FIFO_FULL 0x0

This bit indicates the BUS Hold in Slave mode due to RX FIFO is Full and
an additional byte has been received

1 = Slave holds the bus due to RX FIFO is full
0 = Slave is not holding the bus or Bus hold is not due to RX FIFO is full

9 R SLV_HOLD_TX_FIFO_EMPTY 0x0

This bit indicates the BUS Hold in Slave mode for the Read request when
the TX FIFO is empty. The Bus is in hold until the TX FIFO has data to
Transmit for the read request.

1 = Slave holds the bus due to TX FIFO is empty

0 = Slave is not holding the bus or Bus hold is not due to TX FIFO is
empty

8 R MST_HOLD_RX_FIFO_FULL 0x0
This bit indicates the BUS Hold in Master mode due to RX FIFO is Full
and additional byte has been received

1 = Master holds the bus due to RX FIFO is full

0 = Master is not holding the bus or Bus hold is not due to RX FIFO is full

7 R MST_HOLD_TX_FIFO_EMPTY 0x0

the DW_apb_i2c master stalls the write transfer when TX FIFO is empty,
and the last byte does not have the Stop bit set. This bit indicates the
BUS hold when the master holds the bus because of the TX FIFO being
empty, and the previous transferred command does not have the Stop bit
set.
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1 = Master holds the bus due to TX FIFO is empty
0 = Master is not holding the bus or Bus hold is not due to TX FIFO is
empty
6 R SLV_ACTIVITY 0x0
Slave FSM Activity Status. When the Slave Finite State Machine (FSM) is
not in the IDLE state, this bit is set.
0 = Slave FSM is in IDLE state, so the Slave part of the controller is not
Active
1 = Slave FSM is not in IDLE state, so the Slave part of the controller is
Active
5 R MST_ACTIVITY 0x0
Master FSM Activity Status. When the Master Finite State Machine (FSM)
is not in the IDLE state, this bit is set.
0 = Master FSM is in IDLE state, so the Master part of the controller is not
Active
1 = Master FSM is not in IDLE state, so the Master part of the controller is
Active
4 R RFF 0x0
Receive FIFO Completely Full. When the receive FIFO is completely full,
this bit is set. When the receive FIFO contains one or more empty
location, this bit is cleared.
0 = Receive FIFO is not full
1 = Receive FIFO is full
3 R RFNE 0x0
Receive FIFO Not Empty. This bit is set when the receive FIFO contains
one or more entries; it is cleared when the receive FIFO is empty.
0 = Receive FIFO is empty
1 = Receive FIFO is not empty
2 R TFE 0x1
Transmit FIFO Completely Empty. When the transmit FIFO is completely
empty, this bit is set. When it contains one or more valid entries, this bit is
cleared. This bit field does not request an interrupt.
0 = Transmit FIFO is not empty
1 = Transmit FIFO is empty
1 R TFENF 0x1
Transmit FIFO Not Full. Set when the transmit FIFO contains one or more
empty locations and is cleared when the FIFO is full.
0 = Transmit FIFO is full
1 = Transmit FIFO is not full
0 R I2C_ACTIVITY 0x0
I2C Activity Status.
Table 228: 12C_TXFLR_REG (0x50020374)
Bit Mode Symbol/Description Reset
31:6 - - 0x0
Reserved
5:0 R TXFLR 0x0
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Bit Mode Symbol/Description Reset

Transmit FIFO Level. Contains the number of valid data entries in the
transmit FIFO. Size is constrained by the TXFLR value

Table 229: 2C_RXFLR_REG (0x50020378)

Bit Mode Symbol/Description Reset

316 - - 0x0
Reserved

5:0 R RXFLR 0x0
Receive FIFO Level. Contains the number of valid data entries in the
receive FIFO. Size is constrained by the RXFLR value

Table 230: 2C_SDA_HOLD_REG (0x5002037C)

Bit Mode Symbol/Description Reset
23:16 R/IW I2C_SDA_RX_HOLD 0x0

Sets the required SDA hold time in units of ic_clk period when receiver.
15:0 RIW I2C_SDA_TX_HOLD 0x1

Sets the required SDA hold time in units of ic_clk period when transmitter.

Table 231: 12C_TX_ABRT_SOURCE_REG (0x50020380)

Bit Mode Symbol/Description Reset
16 R ABRT_USER_ABRT 0x0

Master-Transmitter: This is a master-mode-only bit. Master has detected
the transfer abort (IC_ENABLE[1])

15 R ABRT_SLVRD_INTX 0x0

Slave-Transmitter: When the processor side responds to a slave mode
request for data to be transmitted to a remote master and user writes a 1
in CMD (bit 8) of 2IC_DATA_CMD register

1 = Slave trying to transmit to remote master in read mode
0 = Slave trying to transmit to remote master in read mode- scenario not
present

14 R ABRT_SLV_ARBLOST 0x0

Slave-Transmitter: Slave lost the bus while transmitting data to a remote
master. 12C_TX_ABRT_SOURCE[12] is set at the same time. Note: Even
though the slave never "owns" the bus, something could go wrong on the
bus. This is a fail safe check. For instance, during a data transmission at
the low-to-high transition of SCL, if what is on the data bus is not what is
supposed to be transmitted, then the controller no longer own the bus.

1 = Slave lost arbitration to remote master
0 = Slave lost arbitration to remote master - scenario not present

13 R ABRT_SLVFLUSH_TXFIFO 0x0

Slave-Transmitter: Slave has received a read command, and some data
exists in the TX FIFO so the slave issues a TX_ABRT interrupt to flush old
data in TX FIFO.

1 = Slave flushes existing data in TX-FIFO upon getting read command
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0 = Slave flushes existing data in TX-FIFO upon getting read command -
scenario not present
12 R ARB_LOST 0x0
Master-Transmitter or Slave-Transmitter: Master has lost arbitration, or if
12C_TX_ABRT_SOURCE[14] is also set, then the slave transmitter has
lost arbitration. Note: I12C can be both master and slave at the same time.
1 = Master or Slave-Transmitter lost arbitration
0 = Master or Slave-Transmitter lost arbitration - scenario not present
11 R ABRT_MASTER_DIS 0x0

Master-Transmitter or Master-Receiver: User tries to initiate a Master
operation with the Master mode disabled.

1 = User initiating master operation when MASTER disabled

0 = User initiating master operation when MASTER disabled - scenario
not present

10 R ABRT_10B_RD_NORSTRT 0x0

Master-Receiver: The restart is disabled (IC_RESTART_EN bit
(I2C_CON[5]) = 0) and the master sends a read command in 10-hbit
addressing mode.

1 =Master trying to read in 10Bit addressing mode when RESTART
disabled

0 =Master not trying to read in 10Bit addressing mode when RESTART
disabled

9 R ABRT_SBYTE_NORSTRT 0x0

Master: To clear Bit 9, the source of the ABRT_SBYTE_NORSTRT must
be fixed first; restart must be enabled (I2C_CON[5]=1), the SPECIAL bit
must be cleared (12C_TAR[11]), or the GC_OR_START bit must be
cleared (12C_TAR[10]). Once the source of the
ABRT_SBYTE_NORSTRT is fixed, then this bit can be cleared in the
same manner as other bits in this register. If the source of the
ABRT_SBYTE_NORSTRT is not fixed before attempting to clear this bit,
bit 9 clears for one cycle and then gets reasserted. 1: The restart is
disabled (IC_RESTART_EN bit (I2C_CON]J5]) = 0) and the user is trying
to send a START Byte.

1 = User trying to send START byte when RESTART disabled
0 = User trying to send START byte when RESTART disabled- scenario
not present

8 R ABRT_HS_NORSTRT 0x0

Master-Transmitter or Master-Receiver: The restart is disabled
(IC_RESTART_EN bit (I2C_CON]I5]) = 0) and the user is trying to use the
master to transfer data in High Speed mode

1 = User trying to switch Master to HS mode when RESTART disabled
0 = User trying to switch Master to HS mode when RESTART disabled -
scenario not present

7 R ABRT_SBYTE_ACKDET 0x0
Master: Master has sent a START Byte and the START Byte was
acknowledged (wrong behavior).

1 = ACK detected for START byte

0 = ACK detected for START byte - scenario not present

6 R ABRT_HS_ACKDET 0x0

Master: Master is in High Speed mode and the High Speed Master code
was acknowledged (wrong behavior).
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Bit Mode Symbol/Description Reset
1 = HS Master code ACKed in HS Mode
0 = HS Master code ACKed in HS Mode - scenario not present

5 R ABRT_GCALL_READ 0x0
Master-Transmitter: The controller in master mode sent a General Call but
the user programmed the byte following the General Call to be a read
from the bus (IC_DATA_CMD[9] is set to 1).
1 = GCALL is followed by read from bus
0 = GCALL is followed by read from bus - scenario not present

4 R ABRT_GCALL_NOACK 0x0
Master-Transmitter: The controller in master mode sent a General Call
and no slave on the bus acknowledged the General Call.
1 = GCALL not ACKed by any slave
0 = GCALL not ACKed by any slave - scenario not present

3 R ABRT_TXDATA_NOACK 0x0
Master-Transmitter: This is a master-mode only bit. Master has received
an acknowledgement for the address, but when it sent data byte(s)
following the address, it did not receive an acknowledge from the remote
slave(s).
1 = Transmitted data not ACKed by addressed slave
0 = Transmitted data non-ACKed by addressed slave - scenario not
present

2 R ABRT_10ADDR2_NOACK 0x0
Master-Transmitter or Master-Receiver: Master is in 10-bit address mode
and the second address byte of the 10-bit address was not acknowledged
by any slave.
1 = Byte 2 of 10-bit Address not ACKed by any slave
0 = This abort is not generated

1 R ABRT_10ADDR1_NOACK 0x0
Master-Transmitter or Master-Receiver: Master is in 10-bit address mode
and the first 10-bit address byte was not acknowledged by any slave.
1 = Byte 1 of 10-bit Address not ACKed by any slave
0 =This abort is not generated

0 R ABRT_7B_ADDR_NOACK 0x0
Master-Transmitter or Master-Receiver: Master is in 7-bit addressing
mode and the address sent was not acknowledged by any slave.
1 = This abort is generated because of NOACK for 7-bit address
0 = This abort is not generated

Table 232: 12C_DMA_CR_REG (0x50020388)

Bit Mode Symbol/Description Reset
1 R/W TDMAE 0x0
Transmit DMA Enable. //This bit enables/disables the transmit FIFO DMA
channel.

0 = Transmit DMA disabled
1 = Transmit DMA enabled

0 R/W RDMAE 0x0
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Bit Mode Symbol/Description Reset
Receive DMA Enable. This bit enables/disables the receive FIFO DMA
channel.
0 = Receive DMA disabled
1 = Receive DMA enabled
Table 233: 12C_DMA_TDLR_REG (0x5002038C)
Bit Mode Symbol/Description Reset
4:0 R/W DMATDL 0x0
Transmit Data Level. This bit field controls the level at which a DMA
request is made by the transmit logic. It is equal to the watermark level;
that is, the dma_tx_req signal is generated when the number of valid data
entries in the transmit FIFO is equal to or below this field value, and
TDMAE = 1.
Table 234: 12C_DMA_RDLR_REG (0x50020390)
Bit Mode Symbol/Description Reset
4:0 R/W DMARDL 0x0
Receive Data Level. This bit field controls the level at which a DMA
request is made by the receive logic. The watermark level = DMARDL+1;
that is, dma_rx_req is generated when the number of valid data entries in
the receive FIFO is equal to or more than this field value + 1, and RDMAE
=1. For instance, when DMARDL is 0, then dma_rx_req is asserted when
1 or more data entries are present in the receive FIFO.
Table 235: 12C_SDA_SETUP_REG (0x50020394)
Bit Mode Symbol/Description Reset
15:8 - - 0x0
Reserved
7:0 R/W SDA_SETUP 0x64
SDA Setup.
This register controls the amount of time delay (number of 12C clock
periods) between the rising edge of SCL and SDA changing by holding
SCL low when 12C block services a read request while operating as a
slave-transmitter. The relevant I2C requirement is tSU:DAT (note 4) as
detailed in the I12C Bus Specification. This register must be programmed
with a value equal to or greater than 2.
It is recommended that if the required delay is 1000ns, then for an 12C
frequency of 10 MHz, IC_SDA_SETUP should be programmed to a value
of 11. Writes to this register succeed only when IC_ENABLEJ[0] = 0.
Table 236: 12C_ACK_GENERAL_CALL_REG (0x50020398)
Bit Mode Symbol/Description Reset
15:1 - - 0x0
Reserved
0 R/W ACK_GEN_CALL 0x0
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Bit Mode Symbol/Description Reset

ACK General Call. When set to 1, I12C Ctrl responds with a ACK (by
asserting ic_data_oe) when it receives a General Call. When set to 0, the
controller does not generate General Call interrupts.

1 = Generate ACK for a General Call
0 = Generate NACK for General Call

Table 237: 12C_ENABLE_STATUS_REG (0x5002039C)

Bit Mode Symbol/Description Reset

15:3 - - 0x0
Reserved

2 R SLV_RX_DATA_LOST 0x0

Slave Received Data Lost. This bit indicates if a Slave-Receiver operation
has been aborted with at least one data byte received from an 12C
transfer due to the setting of IC_ENABLE from 1 to 0. When read as 1,
the controller is deemed to have been actively engaged in an aborted 12C
transfer (with matching address) and the data phase of the 12C transfer
has been entered, even though a data byte has been responded with a
NACK. NOTE: If the remote 12C master terminates the transfer with a
STOP condition before the controller has a chance to NACK a transfer,
and IC_ENABLE has been set to 0, then this bit is also set to 1. When
read as 0, the controller is deemed to have been disabled without being
actively involved in the data phase of a Slave-Receiver transfer.

NOTE: The CPU can safely read this bit when IC_EN (bit 0) is read as 0.
1 = Slave RX Data is lost
0 = Slave RX Data is not lost

1 R SLV_DISABLED_WHILE_BUSY 0x0

Slave Disabled While Busy (Transmit, Receive). This bit indicates if a
potential or active Slave operation has been aborted due to the setting of
the IC_ENABLE register from 1 to 0. This bit is set when the CPU writes a
0 to the IC_ENABLE register while:

(a) 12C Ctrl is receiving the address byte of the Slave-Transmitter
operation from a remote master; OR,

(b) address and data bytes of the Slave-Receiver operation from a remote
master. When read as 1, the controller is deemed to have forced a NACK
during any part of an 12C transfer, irrespective of whether the 12C address
matches the slave address set in 12C Ctrl (IC_SAR register) OR if the
transfer is completed before IC_ENABLE is set to 0 but has not taken
effect.

NOTE: If the remote I12C master terminates the transfer with a STOP
condition before the controller has a chance to NACK a transfer, and
IC_ENABLE has been set to 0, then this bit will also be set to 1.

When read as 0, the controller is deemed to have been disabled when
there is master activity, or when the 12C bus is idle.

NOTE: The CPU can safely read this bit when IC_EN (bit 0) is read as 0.
1 = Slave is disabled when it is active
0 = Slave is disabled when it is idle

0 R IC_EN 0x0

ic_en Status. This bit always reflects the value driven on the output port
ic_en. When read as 1, the controller is deemed to be in an enabled state.

When read as 0, the controller is deemed completely inactive.
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Bit Mode Symbol/Description Reset
NOTE: The CPU can safely read this bit anytime. When this bit is read as
0, the CPU can safely read SLV_RX_DATA_LOST (bit 2) and
SLV_DISABLED_WHILE_BUSY (bit 1).
1 =12C enabled
0 = 12C disabled
Table 238: I12C_IC_FS_SPKLEN_REG (0x500203A0)
Bit Mode Symbol/Description Reset
15:8 - - 0x0
Reserved
7:0 R/W I2C_FS_SPKLEN 0ox1
This register must be set before any 12C bus transaction can take place to
ensure stable operation. This register sets the duration, measured in
ic_clk cycles, of the longest spike in the SCL or SDA lines that will be
filtered out by the spike suppression logic. This register can be written
only when the 12C interface is disabled which corresponds to the
IC_ENABLE register being set to 0. Writes at other times have no effect.
The minimum valid value is 1; hardware prevents values less than this
being written, and if attempted results in 1 being set.
Table 239: I2C_IC_HS SPKLEN_REG (0x500203A4)
Bit Mode Symbol/Description Reset
7:0 R/W I2C_HS_SPKLEN ox1
This register must be set before any 12C bus transaction can take place to
ensure stable operation. This register sets the duration, measured in
ic_clk cycles, of the longest spike in the SCL or SDA lines that will be
filtered out by the spike suppression logic. This register can be written
only when the 12C interface is disabled which corresponds to the
IC_ENABLE[O] register being set to 0. Writes at other times have no
effect.
The minimum valid value is 1; hardware prevents values less than this
being written, and if attempted results in 1 being set.
35.9 Timers 1/2/3 registers
Table 240: Register map TIMER
Address Register Description
0x50010300 TIMER_CTRL_REG Timer control register
0x50010304 TIMER_TIMER_VAL_ | Timer counter value
REG
0x50010308 TIMER_STATUS_RE Timer status register
G
0x5001030C TIMER_GPIO1_CONF | Timer gpiol selection
_REG
0x50010310 TIMER_GPIO2_CONF | Timer gpio2 selection
_REG
0x50010314 TIMER_SETTINGS_R | Timer reload value and Delay in shot mode
EG
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Address Register Description
0x50010318 TIMER_SHOTWIDTH_ | Timer Shot duration in shot mode
REG
0x50010320 TIMER_CAPTURE_G Timer value for event on GPIO1
PIO1_REG
0x50010324 TIMER_CAPTURE_G | Timer value for event on GP102
PIO2_REG
0x50010328 TIMER_PRESCALER_ | Timer prescaler counter value
VAL_REG
0x5001032C TIMER_PWM_CTRL_ | Timer pwm frequency register
REG
0x50010334 TIMER_GPIO3_CONF | Timer gpio3 selection
_REG
0x50010338 TIMER_GPIO4_CONF | Timer gpio4 selection
_REG
0x5001033C TIMER_CAPTURE_G Timer value for event on GPIO1
PIO3_REG
0x50010340 TIMER_CAPTURE_G | Timer value for event on GPIO1
PIO4_REG
0x50010344 TIMER_CLEAR_GPIO | Timer clear GPIO event register
_EVENT_REG
0x50010348 TIMER_CLEAR_IRQ_ | Timer clear interrupt
REG
Table 241: TIMER_CTRL_REG (0x50010300)
Bit Mode Symbol/Description Reset
31:15 - - 0x0
Reserved
14 R/W TIM_CAP_GPIO4_IRQ_EN 0x0
0 = Event on GPIO4 does not create a CAPTIM interrupt
1 = Event on GPI04 creates a CAPTIM interrupt
13 R/W TIM_CAP_GPIO3_IRQ_EN 0x0
0 = Event on GPIO3 does not create a CAPTIM interrupt
1 = Event on GPIO3 creates a CAPTIM interrupt
12 R/W TIM_CAP_GPIO2_IRQ_EN 0x0
0 = Event on GPIO2 does not create a CAPTIM interrupt
1 = Event on GPIO2 creates a CAPTIM interrupt
11 R/W TIM_CAP_GPIO1_IRQ_EN 0x0
0 = Event on GPIO1 does not create a CAPTIM interrupt
1 = Event on GPIO1 creates a CAPTIM interrupt
10 R/W TIM_IN4_EVENT_FALL_EN 0x0
Event input 4 edge type
1 = Falling edge
0 = Rising edge
9 R/W TIM_IN3_EVENT_FALL_EN 0x0
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Bit

Mode

Symbol/Description

Reset

Event input 3 edge type
1 = Falling edge
0 = Rising edge

R/W

TIM_CLK_EN

Timer clock enable
1 = Clock enabled
0 = Clock disabled

0x0

R/W

TIM_SYS_CLK_EN

Select clock
1 = Timer uses the DIVN clock
0 = Timer uses the Ip clock

Note: When switching clock, the timer clock should be disabled
(TIM_CLK_EN, hit 8)

0x0

R/W

TIM_FREE_RUN_MODE_EN

Valid when timer counts up, if it is 1, timer does not zero when reaches to
reload value. it becomes zero only when it reaches the max value.

0x0

R/W

TIM_IRQ_EN

Interrupt mask
1 = Timer IRQ is unmasked
0 = Timer IRQ is masked

0x0

R/W

TIM_IN2_EVENT_FALL_EN
Event input 2 edge type

1 = Falling edge

0 = Rising edge

0x0

R/W

TIM_IN1_EVENT_FALL_EN
Event input 1 edge type

1 = Falling edge

0 = Rising edge

0x0

R/W

TIM_COUNT_DOWN_EN

Timer count direction

1 =Down

0=Up

Note: Only change counter direction when timer is not enabled

0x0

R/W

TIM_ONESHOT_MODE_EN

Timer mode
1 = One shot enabled
0 = Counter enabled

0x0

R/W

TIM_EN
Timer enable
1=0n

0 = Off

0x0
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Table 242: TIMER_TIMER_VAL_REG (0x50010304)

Bit Mode Symbol/Description Reset

31:24 - - 0x0
Reserved

23:.0 R TIM_TIMER_VALUE 0x0
Gives the current timer value

Table 243: TIMER_STATUS_REG (0x50010308)

Bit Mode Symbol/Description Reset
13 R TIM_IN4_STATE 0x0

Gives the logic level of the IN4
12 R TIM_IN3_STATE 0x0

Gives the logic level of the IN3
11 R TIM_SWITCHED_TO_DIVN_CLK 0x0

Indicates that timer clock has been switched to divn clock
10 R TIM_PWM_BUSY 0x0

Busy with synchronizing PWM_FREQ_REG and PWM_DC_REG. Do not
write a new value to these registers when this bit is high

9 R TIM_TIMER_BUSY 0x0

Busy with synchronizing PRESCALER_REG, RELOAD_REG and
SHOTWIDTH_REG. Do not write a new value to these registers when this

bit is high

8 R TIM_IRQ_STATUS 0x0
IRQ status bit. When an irq has occurred, this bit is 1.

7 R TIM_GPIO4_EVENT_PENDING 0x0
When 1, GPIO4 event is pending.

6 R TIM_GPIO3_EVENT_PENDING 0x0

When 1, GPIO3 event is pending.

5 R TIM_GPIO2_EVENT_PENDING 0x0
When 1, GPIO2 event is pending.
4 R TIM_GPIO1_EVENT_PENDING 0x0

When 1, GPIO1 event is pending.
3:2 R TIM_ONESHOT_PHASE 0x0

OneShot phase

0 = Wait for event
1 = Delay phase
2 = Start Shot

3 = Shot phase

1 R TIM_IN2_STATE 0x0

Gives the logic level of the IN1
0 R TIM_IN1_STATE 0x0

Gives the logic level of the IN2
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Table 244: TIMER_GPIO1_CONF_REG (0x5001030C)

Bit Mode Symbol/Description Reset

316 - - 0x0
Reserved

5:0 R/W TIM_GPIO1_CONF 0x0
Select one of the 32 GPIOs as IN1, Valid value 0-32. 1 for the first GPIO,
32 for the last GPIO. 0 Disable input

Table 245: TIMER_GPIO2_CONF_REG (0x50010310)

Bit Mode Symbol/Description Reset

316 - - 0x0
Reserved

5:0 R/W TIM_GPIO2_CONF 0x0
Select one of the 32 GPIOs as IN2, Valid value 0-32. 1 for the first GPIO,
32 for the last GPIO. 0 Disable input

Table 246: TIMER_SETTINGS_REG (0x50010314)

Bit Mode Symbol/Description Reset
31:29 - - 0x0

Reserved
28:24 R/W TIM_PRESCALER 0x0

Defines the timer count frequency. CLOCK frequency/(TIM_PRESCALER
+1)

23:.0 R/W TIM_RELOAD 0x0

Reload or max value in timer mode, Delay phase duration in oneshot
mode. Actual delay is the register value plus synchronization time (3 clock
cycles)

Table 247: TIMER_SHOTWIDTH_REG (0x50010318)

Bit Mode Symbol/Description Reset

31:24 - - 0x0
Reserved

23:.0 R/W TIM_SHOTWIDTH 0x0
Shot phase duration in oneshot mode

Table 248: TIMER_CAPTURE_GPIO1_REG (0x50010320)

Bit Mode Symbol/Description Reset
31:24 - - 0x0
Reserved
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Bit Mode Symbol/Description Reset
23:0 R TIM_CAPTURE_GPIO1 0x0

Gives the Capture time for event on GPIO1

Table 249: TIMER_CAPTURE_GPIO2_REG (0x50010324)

Bit Mode Symbol/Description Reset

31:24 - - 0x0
Reserved

23:.0 R TIM_CAPTURE_GPIO2 0x0
Gives the Capture time for event on GPIO2

Table 250: TIMER_PRESCALER_VAL_REG (0x50010328)

Bit Mode Symbol/Description Reset

315 - = 0x0
Reserved

4:0 R TIM_PRESCALER_VAL 0x0
Gives the current prescaler counter value

Table 251: TIMER_PWM_CTRL_REG (0x5001032C)

Bit Mode Symbol/Description Reset
31:16 R/W TIM_PWM_DC 0x0

Defines the PWM duty cycle. TIM_PWM_DC/( TIM_PWM_FREQ + 1)
15:0 RIW TIM_PWM_FREQ 0x0

Defines the PWM frequency. Timer clock frequency/(TIM_PWM_FREQ +
1
Timer clock is clock after prescaler

Table 252: TIMER_GPIO3_CONF_REG (0x50010334)

Bit Mode Symbol/Description Reset

31:6 - - 0x0
Reserved

5:0 R/W TIM_GPIO3_CONF 0x0
Select one of the 32 GPIOs as IN3, Valid value 0-32. 1 for the first GPIO,
32 for the last GPIO. 0 Disable input

Table 253: TIMER_GPIO4_CONF_REG (0x50010338)

Bit Mode Symbol/Description Reset
316 - - 0x0
Reserved
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Bit Mode Symbol/Description Reset
5:0 R/W TIM_GPIO4_CONF 0x0
Select one of the 32 GPIOs as IN4, Valid value 0-32. 1 for the first GPIO,
32 for the last GPIO. 0 Disable input
Table 254: TIMER_CAPTURE_GPIO3_REG (0x5001033C)
Bit Mode Symbol/Description Reset
31:24 - - 0x0
Reserved
23:.0 R TIM_CAPTURE_GPIO3 0x0
Gives the Capture time for event on GPIO3
Table 255: TIMER_CAPTURE_GPIO4_REG (0x50010340)
Bit Mode Symbol/Description Reset
31:24 - - 0x0
Reserved
23:.0 R TIM_CAPTURE_GPIO4 0x0
Gives the Capture time for event on GPI0O4
Table 256: TIMER_CLEAR_GPIO_EVENT_REG (0x50010344)
Bit Mode Symbol/Description Reset
3 RO/W TIM_CLEAR_GPIO4_EVENT 0x0
1 = Clear GPIO4 event. Return always 0
2 RO/W TIM_CLEAR_GPIO3_EVENT 0x0
1 = Clear GPIOS3 event. Return always 0
1 RO/W TIM_CLEAR_GPIO2_EVENT 0x0
1 = Clear GPIO2 event. Return always 0
0 RO/W TIM_CLEAR_GPIO1_EVENT 0x0
1 = Clear GPIO1 event. Return always 0
Table 257: TIMER_CLEAR_IRQ_REG (0x50010348)
Bit Mode Symbol/Description Reset
0 RO/W TIM_CLEAR_IRQ 0x0
Write any value clear interrupt
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Table 258: Register map TIMER2/3
Address Register Description
0x50010400 TIMER2_CTRL_REG Timer control register
0x50010404 TIMER2_TIMER_VAL | Timer counter value
_REG
0x50010408 TIMER2_STATUS_RE | Timer status register
G
0x5001040C TIMER2_GPIO1_CON | Timer gpiol selection
F_REG
0x50010410 TIMER2_GPIO2_CON | Timer gpio2 selection
F_REG
0x50010414 TIMER2_SETTINGS_ | Timer reload value and Delay in shot mode
REG
0x50010418 TIMER2_SHOTWIDTH | Timer Shot duration in shot mode
_REG
0x50010420 TIMER2_CAPTURE_ Timer value for event on GPIO1
GPIO1_REG
0x50010424 TIMER2_CAPTURE_ Timer value for event on GPIO2
GPIO2_REG
0x50010428 TIMER2_PRESCALER | Timer prescaler counter value
_VAL_REG
0x5001042C TIMER2_PWM_CTRL | Timer pwm frequency register
_REG
0x50010434 TIMER2_CLEAR_IRQ | Timer clear interrupt
_REG
0x50010500 TIMER3_CTRL_REG Timer control register
0x50010504 TIMER3_TIMER_VAL | Timer counter value
_REG
0x50010508 TIMER3_STATUS_RE | Timer status register
G
0x5001050C TIMER3_GPIO1_CON | Timer gpiol selection
F_REG
0x50010510 TIMER3_GPIO2_CON | Timer gpio2 selection
F_REG
0x50010514 TIMER3_SETTINGS_ | Timer reload value and Delay in shot mode
REG
0x50010520 TIMER3_CAPTURE_ Timer value for event on GPIO1
GPIO1_REG
0x50010524 TIMER3_CAPTURE_ Timer value for event on GPIO2
GPIO2_REG
0x50010528 TIMER3_PRESCALER | Timer prescaler counter value
_VAL_REG
0x5001052C TIMER3_PWM_CTRL | Timer pwm frequency register
_REG
0x50010534 TIMER3_CLEAR_IRQ | Timer clear interrupt
_REG
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Table 259: TIMER2_CTRL_REG (0x50010400)

Bit Mode Symbol/Description Reset

31:9 - - 0x0
Reserved

8 R/W TIM_CLK_EN 0x0

Timer clock enable
1 = clock enabled
0 = clock disabled

7 RIW TIM_SYS_CLK_EN 0x0

Select clock
1 = Timer uses the DIVN clock
0 = Timer uses the Ip clock

NOTE: when switching clock, the timer clock should be disabled
(TIM_CLK_EN, bit 8)

6 RIW TIM_FREE_RUN_MODE_EN 0x0

Valid when timer counts up, if it is 1, timer does not zero when reaches to
reload value. it becomes zero only when it reaches the max value.

5 RIW TIM_IRQ_EN 0x0

Interrupt mask
1 =timer IRQ is unmasked
0 =timer IRQ is masked

4 RIW TIM_IN2_EVENT_FALL_EN 0x0

Event input 2 edge type
1 = falling edge
0 =rising edge

3 RIW TIM_IN1_EVENT_FALL_EN 0x0

Event input 1 edge type
1 =falling edge
0 =rising edge

2 R/W TIM_COUNT_DOWN_EN 0x0

Timer count direction
1 =down
O=up

NOTE: only change this bit when timer is disabled
1 R/W TIM_ONESHOT_MODE_EN 0x0

Timer mode
1 = One shot enabled
0 = Counter enabled

0 R/W TIM_EN 0x0
Timer enable
1=0n
0 = Off
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Table 260: TIMER2_TIMER_VAL_REG (0x50010404)
Bit Mode Symbol/Description Reset
31:24 - - 0x0
Reserved
23:.0 R TIM_TIMER_VALUE 0x0
Gives the current timer value
Table 261: TIMER2_STATUS_REG (0x50010408)

Bit Mode Symbol/Description Reset
11 R TIM_SWITCHED_TO_DIVN_CLK 0x0
Indicates that timer clock has been switched to divn clock
10 R TIM_PWM_BUSY 0x0

Busy with synchronizing PWM_FREQ_REG and PWM_DC_REG. Do not
write a new value to these registers when this bit is high.
9 R TIM_TIMER_BUSY 0x0
Busy with synchronizing PRESCALER_REG, RELOAD_REG and
SHOTWIDTH_REG. Do not write a new value to these registers when this
bit is high.
8 R TIM_IRQ_STATUS 0x0
IRQ status bit. When an irq has occurred, this bit is 1.
74 - - 0x0
Reserved
3:2 R TIM_ONESHOT_PHASE 0x0
OneShot phase
0 = Wait for event
1 = Delay phase
2 = Start Shot
3 = Shot phase
1 R TIM_IN2_STATE 0x0
Gives the logic level of the IN1
0 R TIM_IN1_STATE 0x0
Gives the logic level of the IN2
Table 262: TIMER2_GPIO1_CONF_REG (0x5001040C)
Bit Mode Symbol/Description Reset
31:6 - - 0x0
Reserved
5.0 RIW TIM_GPIO1_CONF 0x0
Select one of the 32 GPIOs as IN1, Valid value 0-32. 1 for the first GPIO,
32 for the last GPIO. 0 Disable input
Datasheet Revision 3.0 Dec 28, 2023
CFR0011-120-00 303 of 498 © 2023 Renesas Electronics




LENESAS

DA14592
Multi-Core BLE 5.2 SoC with Embedded Flash Final

Table 263: TIMER2_GPIO2_CONF_REG (0x50010410)

Bit Mode Symbol/Description Reset

316 - - 0x0
Reserved

5:0 R/W TIM_GPIO2_CONF 0x0
Select one of the 32 GPIOs as IN2, Valid value 0-32. 1 for the first GPIO,
32 for the last GPIO. 0 Disable input

Table 264: TIMER2_SETTINGS_REG (0x50010414)

Bit Mode Symbol/Description Reset

31:29 - - 0x0
Reserved

28:24 R/W TIM_PRESCALER 0x0

Defines the timer count frequency. CLOCK
frequency/(TIM_PRESCALER+1)

23:.0 R/W TIM_RELOAD 0x0

Reload or max value in timer mode, Delay phase duration in oneshot
mode. Actual delay is the register value plus synchronization time (3 clock
cycles)

Table 265: TIMER2_SHOTWIDTH_REG (0x50010418)

Bit Mode Symbol/Description Reset

31:24 - - 0x0
Reserved

23:.0 R/W TIM_SHOTWIDTH 0x0
Shot phase duration in oneshot mode

Table 266: TIMER2_CAPTURE_GPIO1_REG (0x50010420)

Bit Mode Symbol/Description Reset

31:24 - - 0x0
Reserved

23:.0 R TIM_CAPTURE_GPIO1 0x0
Gives the Capture time for event on GPIO1

Table 267: TIMER2_CAPTURE_GPIO2_REG (0x50010424)

Bit Mode Symbol/Description Reset

31:24 - = 0x0
Reserved

23:.0 R TIM_CAPTURE_GPIO2 0x0
Gives the Capture time for event on GPIO2

Datasheet Revision 3.0 Dec 28, 2023

CFR0011-120-00 304 of 498 © 2023 Renesas Electronics



LENESAS

DA14592
Multi-Core BLE 5.2 SoC with Embedded Flash Final

Table 268: TIMER2_PRESCALER_VAL_REG (0x50010428)

Bit Mode Symbol/Description Reset

315 - - 0x0
Reserved

4:0 R TIM_PRESCALER_VAL 0x0
Gives the current prescaler counter value

Table 269: TIMER2_PWM_CTRL_REG (0x5001042C)

Bit Mode Symbol/Description Reset
31:16 RIW TIM_PWM_DC 0x0

Defines the PWM duty cycle. TIM_PWM_DC/(TIM_PWM_FREQ + 1)
15:0 RIW TIM_PWM_FREQ 0x0

Defines the PWM frequency. Timer clock frequency/(TIM_PWM_FREQ +
1
Timer clock is clock after prescaler

Table 270: TIMER2_CLEAR_IRQ_REG (0x50010434)

Bit Mode Symbol/Description Reset
0 RO/W TIM_CLEAR_IRQ 0x0

Write any value clear interrupt

Table 271: TIMER3_CTRL_REG (0x50010500)

Bit Mode Symbol/Description Reset
