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DA1470x

General Description

The DA1470x is a family of multi-core wireless microcontrollers, combining the latest Arm Cortex
M33™ application processor with floating-point unit, advanced power management functionality, a
Graphic Processing Unit (GPU) for advanced graphics processing, a cryptographic security engine,
analog and digital peripherals, a dedicated sensor node controller, and a software configurable
protocol engine with a radio that is compliant to the Bluetooth® 5.2 low energy standard.

The DA1470x is based on an Arm Cortex-M33™ CPU with an eight-segments Memory Protection
Unit (MPU), DSP extensions and a single-precision Floating Point Unit (FPU) offering up to 240
dMIPS. The dedicated application processor executes code from an external Octa/Quad SPI FLASH
device equipped with an on-the-fly decrypting engine, via an 8 kB four-way set associative instruction
cache controller. It has a software-configurable Bluetooth® low energy protocol engine (MAC) with an
ultra-low-power radio transceiver, capable of +6 dBm output power, and -97 dBm sensitivity offering
a total link budget of 103 dB.

DA1470x comprises a 2D GPU, successfully combining ultra-low power capabilities with advanced
graphic processing. It also has an integrated two-layer display controller with multiple display output
options like Parallel DPI/DBI/JDI and Single/Dual/Quad SPI.

An optimized programmable sensor node controller based on Arm Cortex MO+ allows sensor node
operations and data acquisition with the rest of the system in shut down mode, achieving best-in-
class power consumption.

The advanced power management unit (PMU) of the DA1470x enables it to run on primary and
secondary batteries, as well as provide power to external devices through the integrated low
quiescent current (Ig) SIMO DCDC and integrated LDOs. The on-chip JEITA-compliant hardware
charger makes it possible to safely charge rechargeable batteries over USB.

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  Memories

300 328 and EN 300 440 Class 2 (Europe), 0 1.5 MB Data SRAM with retention
FCC CFRA47 Part 15 (US) and ARIB STD- _
T66 (Japan) o 4 kB One-Time-Programmable (OTP)

memory for secure key storage

m Flexible processing power ; i
O 8 kB ICache SRAM with retention

O 32 kHz up to 160 MHz 32-bit Arm

Cortex-M33 with 8 kB, four-way o 8 kB DCache SRAM with retention
associative cache, FPU and eight- o 32 kB ROM (boot, PKI routines)
segments MPU m  Power management

o A flexible and conflgur_ablg Bluetooth® o Low Iq SIMO Buck DC-DC converter
Low Energy MAC engine implementing
the controller stack up to HCI o Boost DC-DC converter (4.5V —-5.0V)

o An Arm Cortex MO+ based sensor node 0 Four power supply pins for external
controller for sensors manipulation devices DCDC supported

0 A 2D GPU for advanced graphics o Hardware charger (up to 5.0 V) with
processing programmable curves and JEITA

support

o Optimized power modes (Extended PP

sleep, Deep sleep, and Hibernation) O Integrated Power Path Management
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Digital controlled oscillators

o High Speed RC 32/64/96 MHz (RCHS)
with 1.5 % precision

32 MHz crystal oscillator
Low Power RC 32/512 kHz (RCLP)

RCX oscillator (500 ppm max) and
optional 32 kHz crystal oscillator

Real Time Clock with 10 ms resolution

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

Application cryptographic engine with AES-
128/192/256, SHA-224/256/384/512 and a
True Random Number Generator (TRNG)

Digital interfaces
o Upto 79 General Purpose I/0s

o Decrypt-on-the-fly Octa/Quad SPI
FLASH interface

o Dedicated QSPI PSRAM and QSPI
FLASH interfaces

O eMMC interfaces supporting up to 48
MHz SDR mode

o Parallel-DPI/DBIB/JDI,
SPI/DualSPI/QSPI Display Controller
with own DMA and two layers support

o 3 xUARTs up to 6 Mbps, one UART
extended to support ISO7816

O 3 x SPI+™ controllers

Multi-Core Wireless SoC Family with PMU and GPU
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MIPI 13C controller at 12.5 MHz

3 x 12C controllers at 100 kHz, 400 kHz,
or 3.4 MHz

PDM interface with dual HW sample
rate converter (SRC)

I2S/PCM master/slave interface up to
eight channels

USB 1.1 Full Speed device interface

m Analog interfaces

O

O

O

Ultra-Low Power Voice Activity
Detection (VAD) enabling seamless
audio processing with system-on
current < 26 pA

Four-channel 10-bit SAR General
Purpose ADC, 2.6 Msps

11 ENOB, 16 Ksps Audio ADC with
Programmable Gain Amplifier

Three matched White LED drivers

m Radio transceiver

O

O

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

Supply current at VBAT:
TX: 3 mA, RX: 1.85 mA (with ideal DC-
DC)

Configurable transmit output power -18
to +6 dBm

-97 dBm receiver sensitivity

m Packages:

O

Revision 3.2

VFBGA142, 6.2x6, 0.45 mm pitch
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DA1470x

Applications

Fitness trackers

Sport watches

Smartwatches

Consumer medical devices

Consumer and home appliances

Home automation

Industrial automation and security systems

Gaming consoles

Key Benefits

m Highest level of performance for advanced applications
m Highest level of integration to drive system cost down
m Lowest power consumption to optimize battery life
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CLK_SNC_REG (0X50020904)........c..vveereeereeeerseereeeeseesseesseesseesseesseseessessseseseeseesssesseesees 386
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CLK_GPU_REG (OX51001004)....cccceeiiiieetiietaaeeeiaiiiiieeeeaessssniseseeeeeesssnssssseesaeessssnnssseeees 401
Register Map CRG_AUD ...ttt et e et e e breeeeeaes 401
PCM_DIV_REG (OX50030040) .....cuturiieieeeiaiinieeieeeeeessateieeeeeaessssssssneeseessssansssseeeseessannnnes 401
PCM_FDIV_REG (OX50030044) .....uuutttiaeaiaiiiiteit e e ettt ee e e e e sribetee e e e e e s s ssibneeeeeaeesannnes 401
PDM_DIV_REG (OX50030048) ......uttteteieeaiiiiiiieieeaeeeaaiiiieeeeeaeeeasibsseeeaeesssasnreseeeeeessaannes 402
SRC_DIV_REG (OX5003004C) ...cettiieiiiiiiteietee e ettt ee e e e et eee e e e s s snbaeeeeaae e s e s snnnneneeas 402
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CLK_CMAC_SWITCH_REG (0OX50000004) ......ccoitutieeiaaeeeaiiiiieee e ee e 405
RST_CTRL_REG (OX5000000C) ......uuuttiieieeeeeiiiiieieeeeeeseansieeeeeeeeessssnneeeeeeeeesansnsnneeaeeees 405
CLK_RADIO_REG (0X50000010) ....ceeiiueeteiereaeeeieeeeieeeeeaessssneneeeeeeeesssnssseeeeseeessssnsnseeees 405
CLK_CTRL_REG (OX50000014) ...cceeeeiiieeieieeeaeeeieeeiiieeeaaessssneneeeeeeeessssnsesseeeaeesssnnnsnseeees 406
CLK_TMR_REG (OX50000018)....cccceeiiiiureiiiireaeesiaaiiiieetaaesssanteneeeeeeesssansssseesaessssnnnsnneeees 406
CLK_SWITCH2XTAL_REG (0X5000001C) ..ieveeeieieiiieeieeeeeiiiieieeeeeaeeessneeeeeeeeeessennneneeeeas 407
PMU_CTRL_REG (OX50000020) .....uuuttteeeiiaenieeieeeeeesaaeeeeeereaesssansnsneeseesssannseneeeseessannnnes 407
SYS_CTRL_REG (0X50000024)......cciiiiitiietaeeee ettt ettt e e et e e e e e s e nninneeeeas 408
SYS_STAT_REG (OX50000028) .....cceeiiititiiiieaeeaiiiiieeee e e e e et eee e e e s e sibeeseee e e e s e s snnnneeeeas 409
CLK_SNC_CTRL_REG (OX5000002C) .....uuteteaaaaiiiiiiieeiaaeaeaaistreeeeaeessaiseeeeeaaeseasnseeeeeas 410
SLP_MAP_REG (OX50000030) ...ccetteeeiiurtteeeeaaaaaaairiteeeaeaeasaanrsrseeeaeesssanrssseeseassssanssssees 410
LCD_EXT_CTRL_REG (OX50000034) ....ccctttitiutiiieeiaaaaaaiiiiieeeaaaesaainbeeeeeaaessannnsseeeaaeaeas 411
CLK_RCLP_REG (0X5000003C) ..ieteeeiiiutetrieieaeesieainiereeeaessssnssseseseessssnssssnesseesssssnssssenees 411
CLK_XTAL32K_REG (0X50000040) .......uutumiieeeeeiiiiniieereeessissreneeeeeessssnnssneseseeesssnssssseeees 411
CLK_RCHS _REG (OX50000044) .....cceiiiueteeieeeeeeieeiiieeeeeeessssnssseeeeeeesssnssssensseeesssnsssssseees 412
CLK_RCX_REG (OX50000048).....ccccciiiirrriirieeeesiiirnineeeesesssnsnssseseseessssnsssssreseeesssmsnssneeees 412
CLK_RTCDIV_REG (0X5000004C) ....cccuttieiieeeeeieiiniieeeeaessssnteseeeeeessssnnsssensseeesssnsnssseeees 413
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PO_30 _MODE_REG (0X5005019C) ...cttieiiiiiiiiiiieeeeeieeeiiieeeeaeesssnineeeeeeesssannenneneeaeesannnnes 489
PO_31 MODE_REG (OX500501A0) ....ccccciiiiiuieiiieeeeeiaaenieeeeeaesssnneneneeseesssannnsnsereeeessannnnes 489
P1 00 _MODE_REG (OX500501A4)....cciiiiiiiiiiieiieeeeeieeiiiieeeeaeessnnieeneeeeeesesnnnenneeeeaessannnnes 490
P1 01 MODE_REG (OX500501A8)....cccciiiiiiuiiiiieeeeeiiiieiieeeaaesssastneneeseesssannnsnseeeeeessannnnes 490
P1 02 MODE_REG (OX500501AC) ..eitiieiiiiieiiiiieeeeeieetiieeeeaaesssnnineneeaeessssnnnenneeeeaessannnnes 490
P1 03 _MODE_REG (0OX500501B0).....cccuutiiieeiiiieieeeeeeeeeeeeeeeeeseseessesesssesesssssssessressnnrernnens 490
P1 04 MODE_REG (OX500501B4).....cccuiiiiiiiiiiiiieiieeieieeeeeeeeesesssssesssssessssssssssssssssnerssenene 491
P1 05 MODE_REG (OX500501B8)....ccccciiiiiutiiiieiaaaiaiiiieeeaae e e saittteeeaa e s s e ainreseeeeaaesaannes 491
P1 06_MODE_REG (OX500501BC) ...cciiiiiiiiitiiiieaeaeiaiitieeee e e e e e siieieeea e e e s e aiibeeeeeeaaesaannes 491
P1 07_MODE_REG (0X500501C0) ...cetieiiiiuutreiieaeaaiaieiieeeaaeeesaibsseeeaaeeseannrsseeeeeaesaannes 492
P1 08 MODE_REG (0X500501C4) ...ceiieiiiiiiieiieeeeeeiesiiieeeeeeessssstenneeseessssnsssnnnnseeesssnnsnes 492
P1 09 MODE_REG (0X500501C8) ...cceeeeiiiiuuireiieeeesiiitereerreaesssnsssenneseessssnsssnsereesesssnnnnes 492
P1 10 MODE_REG (OX500501CC) ..uitiieiiiiiiiieiieeeeeiiiinieeeeeeesssnstnenneseessssnsssnnessseessannnnes 492
P1 11 MODE_REG (0X500501D0) ...ccceeeiiiiuntieireeeesiinieeeerreeesssnsseenneseessssnsssnneseesessannnnes 493
Pl 12 MODE_REG (0X500501D4) ...cceeeeiiiiuieeieeeeesiieiiieeeeeaessssstseeneseessssnsnsnsenessessannnnes 493
Pl 13 MODE_REG (0X500501D8) ....ccceeiiiiuuirerireeesiiiieieereeeesssnssnenneseessssnsssenesseeessannnnes 493
P1 14 MODE_REG (OX500501DC) ...cciiiiiiiiuiiiiiaeeeeiaiiiieee e e e e e aiieteeeea e e s e aiibseeeeaaeesaennes 494
P1 15 MODE_REG (OX500501E0)....ccccciiiiiutiiiiaaaaaiaieieeeteaeeeasitireeeeaa e s e annbeseeeeaeesaannes 494
P1 16 MODE_REG (OX500501E4)....cccciiiiiiitiiiieae ettt e e et e e e e s aiiveaee e e e e e e e nnnes 494
P1 17 MODE_REG (OX500501E8)....cccceiiiiiitiiiiaaaaaiaiiiieiee e e e e sniieieeee e e e s aiiieeeeeeeaesannnes 495
P1 18 MODE_REG (OX500501EC) ...cciiiiiiiiitiiiieeeeaieiitiieee e e e e e ssiitteeea e e e s e anebeeeeeaaeeeannnes 495

Revision 3.2 10-Nov-2022

CFR0011-120-00 23 of 1019 © 2022 Renesas Electronics



DA1470x RE NESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

Table 528:
Table 529:
Table 530:
Table 531:
Table 532:
Table 533:
Table 534:
Table 535:
Table 536:
Table 537:
Table 538:
Table 539:
Table 540:
Table 541:
Table 542:
Table 543:
Table 544:
Table 545:
Table 546:
Table 547:
Table 548:
Table 549:
Table 550:
Table 551:
Table 552:
Table 553:
Table 554:
Table 555:
Table 556:
Table 557:
Table 558:
Table 559:
Table 560:
Table 561:
Table 562:
Table 563:
Table 564:
Table 565:
Table 566:
Table 567:
Table 568:
Table 569:
Table 570:
Table 571:
Table 572:
Table 573:
Table 574:
Table 575:
Table 576:
Table 577:
Table 578:
Table 579:
Table 580:
Table 581:
Table 582:
Table 583:
Table 584:
Table 585:
Table 586:

Datasheet

P1 19 MODE_REG (OX500501F0) .....cccciiitiiieiiiiieeeiiiieeesieeeeesieeeessnieeeessnbeeeessnsneeessnens 495
P1 20 _MODE_REG (OX500501F4) .....ccceiiiiiieiiiiieeeiiiie e sie et e e siiee e s sibee e e s staee e e 495
P1 21 MODE_REG (OX500501F8) ......ccciiiiiiieiiiiieeeiiiieeeitiee e sieeeessiieeeessiteee e s sinee e s e 496
P1 22 MODE_REG (OX500501FC) ...ceiiiiiiiiiiiiiieieeeieiiiiieeea e e e s ssiieeeeeae e e s s snnieeeeeeaaessnnnes 496
P1 23 MODE_REG (0X50050200) ...eeeteeeiiiuuteeieeaaeeiaaieieeeeaaesssasrsseeeeeesssannsrsseeeeaassaannnes 496
P1 24 MODE_REG (OX50050204) ...cceteeiiiiiitiiiteeeeeiaaiiieeeeaaeessasteseeeeeesssannnbeseeeeaessannnnes 497
P1 25 MODE_REG (OX50050208) ....ceteeeiiiiuuteeriaaaesiaaitieeeaaaessaasrsseeeseesssannnrsseeeeaessaannnes 497
P1 26 MODE_REG (OX5005020C) ..eettieeiiiiuutiiiiaaeeeiaaieieeeeaaeessastereeeeeesssannnrsseeeeaessannnnes 497
P1 27 _MODE_REG (0X50050210) .....ceieiiiiieeaiiiieeesiieeeesiieeessnieeessssteeessssseeessssaeessnnnnes 498
P1 28 MODE_REG (OX50050214) .....cceeiiiiieeiiiiieeeiiieeeesitiee e siteeeessiteeeessnbeeeessnsaeeesnneeas 498
P1 29 MODE_REG (OX50050218) .....cccetitiieeiiiiieeaiiiieeesiieeessieeessssteeesssnieneessnseeeesnnnns 498
P1_30_MODE_REG (OX5005021C) ...uutieiiiiieeiiiiieeeiiiieeesieeeessiteeesessieeeessnbeeeessnsneessnnenes 498
P1 31 _MODE_REG (0X50050220) .....ccceiitiieeiiiiieeeiiiieeasiieeessteeesassteeeesssteeeessnseeessnnnnes 499
P2_00_MODE_REG (0OX50050224) ......cceiiitiieeiiiiieeeiiiteeesiie et e e siiee e e snbee e s snbaeeesnnenes 499
P2 _01 MODE_REG (0X50050228) .....ccceeiiiiuutieiiereeeiaaiinieeeeeeesssnsteseeeseessssnssnseeessessannnnes 499
P2_02_MODE_REG (0X5005022C) ...cttieeiiiiiuiiiiieeeeeiaiiiieeeeeaessssstenneeseessssnssenseeesaesssnnnnes 500
P2 03 MODE_REG (0X50050230) ...eetteeeiiiiuerreiieeeesiaaireeeeeeaesssnssssneeseessssnsssnseeeeeesssnnnes 500
P2_04 MODE_REG (0X50050234) ....cccceeiiiiiiiiiieeeeeiaiiiieeeeeaeessssiereeeseessssnnsesseeeeaesssnnnnes 500
P2_05 MODE_REG (0X50050238) ....cceeetiiiiuuiririeieeeiiiirieeeeeeesssnstnnneeseessssnssnseeeseessannnes 501
P2 _06_MODE_REG (0X5005023C) ...ittieiiiiiiuiiiiieeeesiaiiniieieeaesssnsineneeseessssnnssneeeeesesssnnnnes 501
P2_07_MODE_REG (0X50050240) ....ccceetiiiuutieiteaaeaiaiiiiieeeeaeeessiieseeeaeesssainreseeeeeeesannnes 501
P2_08 MODE_REG (0X50050244) ....cccceiiiiiitieiteeee ettt e e aiibeeee e e e e e e enenes 502
P2_09 MODE_REG (0X50050248) .....ccceetiiuutiiiieiaeaiaiiiiiitee e e e e asiisieee e e e e s e aiibeeeeeaaeesanenes 502
P2_10 MODE_REG (OX5005024C) ...cctiitiiiiitiiiieeeeeiaiiiieee e e e et a e e e s e anibneeeeaaeeeasenes 502
P2_11 MODE_REG (0X50050250) ....ceteeeiiiiurreeteeeeeiaiiiieeeeaeeessiiereeeseessssnnrsneeeeeeesaannes 502
P2_12 MODE_REG (0X50050254) ....cciiiiiiiiitiiiieieee ittt et e e e aiiveeee e e e e e e enenes 503
P2 13 MODE_REG (0X50050258) ....ccceetiiiiiuiiiiieeeeeieiiiiieeeeaeessssiereeeseessssnnsreseeeeeesssnnnnes 503
P2 14 MODE_REG (0X5005025C) ...ittiiiiiiiiiiiiieieeeieiiiiieeeeeeeessiieeeeeeeeesssnnseneeeeeaessannnnes 503
PO_PADPWR_CTRL_REG (0X50050260)......cccuttieeiiiiriieireaeesiiiiirneereaessannenneeeeaessannnes 504
P1 PADPWR_CTRL_REG (0OX50050264) ......ccuuttieeiiiaieiieereaeeeiaiieieeeeeaeseannnneeeeeaeesaannnes 506
P2_PADPWR_CTRL_REG (0OX50050268).......ccuttteeeiaiieiieereaeeeiaiiirneereeeseannenneeeeeessaannnes 508
GPIO_CLK_SEL_REG (OX5005026C) ......uetttiieiiiiiiiiieeiaaeaeaiiiiieeee e e e s esieeeeeeae e s s aniinneeeeas 509
PO_WEAK_CTRL_REG (0X50050270) ......cccuutreiteeeeeiaiiiieet e e e e et ee e e e s e anivseeeeea e e anenes 509
P1 WEAK_CTRL_REG (OX50050274) ....ccciiuuteeeteeeee ettt aieeee e e e e 513
P2_WEAK_CTRL_REG (0X50050278) ......cccuutteiieieeaiaiiieeee e e e ettt e e esivneee e e e e e anenes 516
LCDC_MAP_CTRL_REG (0X5005027C) ...cccitiuitiiieeieeeiaiiiiiieeee e e eaiibieee e e e e einineeeea e 517
PAD_DRIVE_CTRL_REG (0X50050280) .......uvetiiieeiiiiiiieiieaeeeariiiineeee e e s e asiiieeeeeeeeeaeanes 519
RegiSter Map GPREG ......ccoiiiiiiiiiiiee ettt ettt e et e et ee e 520
SET_FREEZE_REG (OX50040100) ....uuuiiiieeeieiiiiiiireeeeesesniieeeeeeeeesaseneeeeeeeesssnnsnsneeeeeeeens 520
RESET_FREEZE_REG (0X50040104) ...cciieeiiiiiiiiieeeeeeeeeiiiiieeee e e s e sneeteeeeeaeeesennnnneeeaeeeens 521
DEBUG_REG (OX50040108)....cccceiiiiuieriieieeeieiiiteieeeeeeesaansieeeeeseeessssssseseeeeaessasnsnsseeeeeeees 521
GP_STATUS _REG (0X5004010C) ..cceiiieiiiiiieeeeeieeeiieieeeee e s ssmteeeeeeeeesssnnnteneeeeaeesssnnnsnneees 523
USBPAD_REG (OX50040118)...cccceiiiiiiiieeieeeieiiiieieeeeeeesasesieaeeeaeesssaenseeeeeaeeesansnneneeeeeeeas 523
Register map GPU_CORE .........uuuiiiiiiiiiiiiii s 523
D2_CONTROL (OX51001200) ..ceeeeeiiuireiieeieeeaeiiibeeeeeeeeeaaaiitesee e e e e e s sassbeeeeeeaeesasnneseeeeeeeeas 528
D2_CONTROL2 (OX5100L1204) ....coiiitiieeeeea ettt ettt a e e et e e e e e e s e naaeeeeaaeeeas 529
D2_CONTROLS3 (OX51001208) ....ccciuueeieeeiaaeaaiiiieieeeaa e e s e aiiteeeeeae e e s asnsbeeeeeaaeesaannreeeeaeaeeas 531
D2 _LISTART (OX51001210) ..cctiiaeeeiuiinieeeiaeaaeaiiieeeeee e e e e aisteeee e e e e e s e annbeeeeeaaeesaannaeeeeeaaaeeas 532
D2 L2START (OX51001214) ...cciieeeeiiieieeeeeeeeesiieeeeeee e e s e sssstaaeeeaeeessnnntaneeeeeeesansnnnnneeeeees 532
D2 L3START (OX51001218) ...ccieeeeeiiiieiiiiieeeisiisieeereteessesnssteeneeseessaansnsennreeeesssnssssnnneeeeees 532
D2 LASTART (OX5100121C) weeiieeeeeiiiieieieieeeieiisieieeeeeeesesnssteaneeeeeessssnteneneeaessannsnsennneeeses 532
D2 L5START (OX51001220) ...ccieeeeeiiuirrreeieeeesiisseeeenereessaansstenneeseessassssssnnseeeessansssssnseeeeees 532
D2 LESTART (OX51001224)...cccceceeiiieieeeieeeeesiietee et e e e s e anssiaaee e aeeessnnntaneeeaeeesansnnnnneeeeeeas 532
D2 L1IXADD (OX51001228)....cccteeeieiiuirieerieeessiisieeereeeessaansstnnneeeeesssassnssnnreeeessansssssnseeeeees 532
D2_L2XADD (0OX5100122C) ...eeiiiiiiiiiiiiiieeae e e ee ettt e ettt e e e e e e st e e e e e e e s e nabeeeeaaeeean 533
D2_L3XADD (OX51001230)....cccteeeeeiuuttteeetaaaaaaiitieeeeaeeeaaaisbeeeeeaeeesaannbbeeeeaaeesaannneeeeaaaaeas 533
D2_LAXADD (OX51001234)....cceiiiiiiiiiiiieeta e ettt e e et ee e e e e e s st e e e e e e s e bnbeeeaaaaeeas 533
D2_L5XADD (OX51001238)....ccctieeeeiuuitieeeiaaaaaiiitteeeeee e e e e aitbeeeeeaa e e s e aanbeeeeeaaeesaabnreeeeaaaaeas 533
D2_LEXADD (OX5100123C) ..eeeiieaeaaiiiiiiieetaaeae ettt e e e e e e et eee e e e e e s e aaabbe e e e e e e e s aannbeeeaaaaaeas 533
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D2_L1YADD (0OX51001240)......cccuueiteearreranineesreesnreeesresasneeesineesreeesreesneeesnneesnnneesnneenns 533
D2_L2YADD (OX51001244)......ccciuiiiieieireeesieeesee st sree e sne e esne e snne e snneennneenns 533
D2_L3YADD (OX51001248)......cccueiiteeerireranireesieesreeesireeasnee e esreeesreesneeesnneesnnneennneenns 533
D2 _LAYADD (OX5100124C) ....eeiiiiiieeeitieee ettt e ettt et e et e e e sbr e e s s bne e e e sbreeeeanneeeeanes 534
D2_L5YADD (OX51001250) ... .ccciitueeeaiutreeeeitieeeeateeeeeatreeesabseeessbseeessanneeessnreeessanneeesanes 534
D2 _LEYADD (OX51001254).....ccciiiiieeeitieee ettt e ettt ettt et e e e s bbe e e e st e e e sbneeeeane 534
D2_L1BAND (OX51001258).....ccciiuuieeaitieeeeitieeeeateeeeesbteeeesbee e e s sbseeeesbbeeeesbreeeesnsneeeeanes 534
D2 _L2BAND (OX5100125C) ....eeiiitiieeaiitieeeeitieeeeateeeeesbteeeesbse e e e sbreee s sbneeeesbneeeesnsneeeeaae 534
D2_COLORL (OX51001264) .....cccueeireierurerenireesireesreeesreeassee e s e sneeesnreesneeesnneesnnneennneenns 534
D2_COLOR2 (OX51001268).....cccuueeirrrerireraireesireesreeesreeasseeessneesreeessneessneeessneesnneeesneesns 534
D2_PATTERN (OX51001274) ..cciieeiieeeiteeesieeesree st sree e e e nnneesnneennneenns 534
D2_SIZE (OX51001278).....cceiiueeiieeireeerrerasireesreesreeesreeasneeessneesasneesneesneeessneesnneeesnneenns 535
D2_PITCH (OX5L100L127C) ..eviiuveeiuieeiieeesireeesieeesireesneeessreessnee s e sneeesnneesneeesnneesnneesnneenns 535
D2_ORIGIN (OX51001280) .....ceeeiuueeirrrerirerasireesreesreeesresssseeessneessesesreessneeessneessnneesneesns 535
D2 _LUSTART (OX51001290) ...cceiutreeeeiurieeeeiiieeeesieeeeestteeeestseeeesbseeessnbneeesssneeessnsneeessne 535
D2_LUXADD (OX51001294) ....ceiiitiieeaitieeeeitieee ettt e sttee e st e e sbse e e s s bneeessbneeeesnsneeeeanes 535
D2_LUYADD (OX51001298) ....ccceiuttieeaiutieeeaiiieeesatreeeestteeesstseeessrseeessssneeessnsneeessnsneeessne 535
D2_LVSTARTI (OX5L100129C) ......uuuiiiiiiieeeeiiiiee sttt e e sttt ettt e st e st e e et e e e snbneeeeanes 535
D2 _LVSTARTF (OX510012A0) ... .ccetieitiieeeiiieeeeiteeeeestteeeestseeeestseeessbneeessbreeeesnsneeeeanes 536
D2_LVXADDI (OX5L100L2A2Z) ...ccciiuiieeeitieee ettt ettt st e et e s sbbe e e e snnneeeeenes 536
D2_LVYADDI (OX5L10012A8) ....ccciueeeeairieeeiireeeeeiteeeessnree e srreeessnneeesssnneeessnneeessnnneeesnans 536
D2_LVYXADDF (OX510012AC)......cctiiitieeeiireeeeeirreeessrreeessrneeessnneeessnneeessnneeessnnneeesnnns 536
D2_TEXPITCH (OX510012BA4) ......oveeiiitieeeeitieeeesreee e stree e e e e e e snne e e s snnneee e e 536
D2_TEXMASK (OX5L10012B8) .......vveeiiirreeeiirreeeeirieeeesrreee e e s snneeessnneeessnneeessnnneeesnans 536
D2_TEXORIGIN (OX510012BC)....ceeeiiireeeeiirreeeeireieeesrreeessrreeessnreeessnneeessnneeessnnneeesnnes 536
D2_IRQCTL (OX510012C0) ....cceiiireeeeairreeeairreeeesrreeessrreeessrneeessnreeesssnneeesasnreeessnnneeessan 537
D2 _CACHECTL (OX510012CA).....ceeiiiiiieee ettt ettt e et e e et e e e s nnneeeeenes 537
D2 _DLISTSTART (OX5L10012C8) ....ceiiitieeeeiiiieeeiiiieeeatteeeeatieeeestreeessbneeesssreeeesnsneeeeanes 537
D2_PERFCOUNTL (OX510012CC) ..cccituiieeiiieeeeiiiieeestieee ettt e sttee e sbnee e snbreeeesnnneeeeanes 537
D2_PERFCOUNTZ2 (OX510012D0)........uutteeitieeeeiiiieeeaireeeeaiteeesstseeessbneeesssneeeesnsneeesane 537
D2_PERFTRIGGER (OX510012D4) ......uueiiiiiiieeeiiiiee it e ettt et e s sbeee e e snneee e 538
D2_TEXCLUT (OX510012D8).......utueeeiirieeeerrreeessreeeeesrreeessrneeessrseeessnneeessnneeessnnneeesnnns 538
D2_TEXCLUT_ADDR (OX510012DC)....cceiiitiieeeirieeeeitieeeesntreeeesnreeesssnneeessnneeessnnneeee e 538
D2_TEXCLUT_DATA (OX510012E0) .....ceeeiiireeeeirrieeeirreeeeanireeeesnneeeessnneeessnneeessnnneees e 538
D2_TEXCLUT_OFFSET (OX510012E4) .....ccvveeiiitieeeeiiieee ettt e s snneee e 538
D2_COLKEY (OX510012ES8).....cccitueeeiirreeeairieeesareeeeestreeessnneeessnreeesssnneeessnneeessnnneeessnns 538
D2_HWREVISION (OX5100L12F0) ....cceitreeeeirreeeeirreeeesrieeeesrreeessnneeessnneeessnneeessnnneees e 538
D2_STATUS (OX5100L2F ) ...eeeiiiiiiieeitieee ettt ettt ettt et e et e e st e e e sbneeeeanes 539
Register map GPU_REG ........ooiiiiiii ettt 539
GPU_CTRL_REG (0X51001100) .....eetteiiieeeeiireeeeiiieeeeasiieeeesieeeeessiseeeesinseeessnnseeessnnneees 540
REGISIEr MAP 12C ... ittt e et e e e st e e e e s bbeeeeaaes 540
[2C3_CON_REG (0X50020500) .....cceiutrteeiiureieeiiiiiieeasieteeesitie e e sibee e e s sibee e e s sbre e e s sbneeessienes 544
[2C3_TAR_REG (OX50020504).....ccciitttieiiitiieeiiiite ettt et e sbae e e sienes 546
[2C3_SAR_REG (OX50020508) ....cccirurrieeirirrieeiirrieeastiie e st e st e s e e 547
[2C3_HS_MADDR_REG (OX50020500C) ......cccciitrieeiiriieeinieieessrreeessnree e snree e 547
[2C3_DATA_CMD_REG (0X50020510) ......ceeieiiirieeiitiieeesiiieeessrree et e e 547
[2C3_SS_SCL_HCNT_REG (OX50020514) ......ctvieeiitiieeeniiiieeeriiee et 548
[2C3_SS_SCL_LCNT_REG (0X50020518) .....ccvvieeiririieeiiiieeeeniiee et 549
[2C3_FS_SCL_HCNT_REG (0X5002051C) ...ccotvieeiiiiiieeeiiiee e sitiee ettt 549
[2C3_FS_SCL_LCNT_REG (0X50020520) .....ccctrteeeriiiieeeiiiieeeeriieeeesiieeessieeeessineeesnneees 549
[2C3_HS_SCL_HCNT_REG (0X50020524).......cuutieiiiiieeiiiiee ettt 550
[2C3_HS_SCL_LCNT_REG (OX50020528) .....ccutvieeeriiiieeiiiieeeeriiiee ettt 550
[2C3_INTR_STAT_REG (0X5002052C) .....tttieiiiiieeeiiiieeesiiee e sieee e siie e sbee et e e 551
[2C3_INTR_MASK_REG (0X50020530) .....ceeeeiitrieeariieieeeiiieeesaieeeesstreeessreeeessnneeessnnnes 553
[2C3_RAW_INTR_STAT_REG (0X50020534)......cccciitiieeiiiiieeiiiiiee ettt 554
[2C3_RX_TL_REG (OX50020538).......00tteiiurrieeiiiiieeaiiiieeesiieee e sireee e st e e e e e 556
[2C3_TX_TL_REG (0OX5002053C) .....utviieiiriieeiiiiieeeniete et e ettt e s 556
[2C3_CLR_INTR_REG (0X50020540) ......utveeeiiiiieeeiiiieeestiee ettt 556
[2C3_CLR_RX_UNDER_REG (0X50020544).......cccomituieeiiiiieeiiiiie ettt 557
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[2C3_CLR_RX_OVER_REG (0OX50020548) .....ccttieeiiiiiiiieireeeeeiiiinrneeseeesssssvnnneesaesssnnnnes 557
[2C3_CLR_TX_OVER_REG (0X5002054C) ...uuutiiieeeiiiiiiiieieeeeesiiiinrneeeeeessssnsnsnesseessannnnes 557
[2C3_CLR_RD_REQ_REG (0X50020550) .....vvvrreeeeeiiiirireereaeeeiiiinrneereesssssssnnnsseeessannnes 557
[2C3_CLR_TX_ABRT_REG (0X50020554) ....oeuttiiieiiiiiiieiiaa e e ettt e e esiieeeee e e e e 557
[2C3_CLR_RX_DONE_REG (0X50020558) ......cceieeiiiiiuiieiiaaeeeiaiiiieeeeaeseasnireeeeeaeeseannes 558
[2C3_CLR_ACTIVITY_REG (OX5002055C) ....cutttiieeiiiiiiiiiieaae e e iaiiiieee e e e s e ennieeeeeaeeesennnes 558
[2C3_CLR_STOP_DET_REG (0X50020560) ....ccceeetiiivrrieiiaaeeeiaiiireeeeeaeseannrreeeeeaeesannnnes 558
[2C3_CLR_START_DET_REG (0X50020564) ......cceiiiuiiiiiiaaeeeiiiiiiieeeee e e eniiiieeeeaeeeenaees 558
[2C3_CLR_GEN_CALL_REG (0X50020568).....cccccceiiiiuriirrreeeesiiiirrneereeesssnirnnneeeeessannnnes 558
[2C3_ENABLE_REG (OX5002056C) ...ccccciiiiiiiiieieeeeeeiiiiiiieeeeeessssstnsneeseessssnsssssessseessannnnes 559
[2C3_STATUS REG (0X50020570)....ccieeeiiiiririreeeeeeiiiitniieeeesessssssnsneesesssssnsssnsnssseessannnnns 559
[2C3_TXFLR_REG (OX50020574) ...ututiieeeiiiiiireeeeeeeeieiitnieeeeaaessssstssneeseessssnnssssssssesssannnnes 561
[2C3_RXFLR_REG (0OX50020578) ....uuttteeeiiiiiireeeeeeesiiiitnineseeaessssssssneeseessssnsnssssssssessnnnnnes 561
[2C3_SDA HOLD_REG (0X5002057C) ....cccccutteieeeeeeiiiitrineeeeseessssinrneeseesssssnsnsssssesssannnnes 561
12C3_TX_ABRT_SOURCE_REG (0X50020580) .......cccuvtrrereeeesiiiirineereeesesnnireeeeeeassannnnes 561
[2C3_DMA_CR_REG (0X50020588)......cccitiiuurrerieeeeeiiiiniieireaesssnsinreeeseessssnssneeeeeeessannnnes 564
[2C3_DMA_TDLR_REG (OX5002058C).....cccuutreiieieeeiiiirieeireaeeessnineneereeesssnnenneeeeeassannnnes 564
[2C3_DMA_RDLR_REG (0X50020590) ........cutteiieeeeeiiiiriieereaeeessnineneereesssanneneeeeesessannnnes 564
[2C3_SDA SETUP_REG (0X50020594) .....cuutiiiiiieeeiiiiiiieieeae e e ssieieeenee e s s snnnnneeeeeeesennnes 565
[2C3_ACK_GENERAL_CALL_REG (0X50020598) ......cuuvtiiieeieiiiiiiieeieeeseiniieeeeeeaesanenes 565
[2C3_ENABLE_STATUS_ REG (0X5002059C).....cccctttiiiiieieieeeeereeeeeseeeeesesesesesessnssnsenenenes 565
[2C3_IC_FS_SPKLEN_REG (0X500205A0) .....ccctttiieieieeereeeeeeeeeeeresesssessssssrsnessssssmerennnenes 566
[2C3_IC_HS_SPKLEN_REG (OX500205A4) ....coeveiiieieeeeeieeeeeeeeeseeesesssssssssesssessssssnnsssenenes 567
[2C_CON_REG (0X50020600) ......cccuteieeeeeeeeeeeereereereeeeereressessesessmseeeessseesesrsrsmermssrer. 567
[2C_TAR_REG (OX50020604)......cccetteeeeeeeeeeeeeeeeeeeeeeeeeeseessssssssssssssssessseesssrsrsmssessrsmererrenes 568
[2C_SAR_REG (OX50020608) ......cevverrreeeeereeeeeeereeereereeesersseesssessessesssssessesmersmesmseres 569
[2C_HS MADDR_REG (0X5002060C) .......ccuutuiiieeeeeiiiiniiieeeaeesssnierneereeesssnneneeeeeaessannnnes 569
[2C_DATA CMD_REG (0X50020610) ......ccccuuvreiieeeeeiiiiiiieieeaeeessierneereeesssnnenneeeeeessannnnes 570
[2C_SS SCL_HCNT_REG (0X50020614) ......cuuiieieeeiiiiiiiiieeaeeeiaiiineeeeeesssnnenneeeeaessannnnes 571
[2C_SS SCL_LCNT_REG (0X50020618) ......evveieieeeiiiirieiireaeeesanierneeeeeesssnnnnneneeeessannnnes 571
[2C_FS_SCL_HCNT_REG (OX5002061C) ...euvviiieieeeieiiriiieeeaeeesetereeereeesesnneneeneeeessannnnes 572
[2C_FS_SCL_LCNT_REG (0OX50020620).......ccceutereeeeeeerereeereeesersresssssesssssssssssessssnerernnnnes 572
[2C_HS_SCL_HCNT_REG (OX50020624)........ccuutteeeeeeeeeeeeeeeeeeerssnsessssssssssssssssssssnssssnnnnes 572
[2C_HS_SCL_LCNT_REG (0OX50020628) .......ccvvvereieeerereeeeeeeeeeersrssesssssssssssssessrsssnerernnnns 573
[2C_INTR_STAT_REG (OX5002062C) .....eevveeieieieerieeeeeeeeeeeerssesssssssssssesssssssssessssssnerererenes 573
[2C_INTR_MASK_REG (0X50020630) .....cceveeeeeereereeererereereeseresersresesssessrssssssessssssmmrernrens 575
12C_RAW_INTR_STAT_REG (0X50020634).......ccevuieeieeeieeeeerereeeeesesssesessssrsssssssssnesssnnenes 576
[2C_RX_TL_REG (OX50020638)......cueetieeeiiiinieerieeeeeiaaitnieeeeeaesssastneeeesaesssannnseneeeeeessannnnes 578
[2C_TX_TL_REG (OX5002063C) ...utvverrieeeiiaiiniriiieeeeeiaatnieeeeeaesssassneneeseesssannssseeeeeessannnnes 579
[2C_CLR_INTR_REG (OX50020640) ......cciiiueieeiieeeeeiaainieeieeaeesssnnseeaeeseeessannnnneeeeaeesannnnes 579
[2C_CLR_RX_UNDER_REG (OX50020644).....cccctieiiiiiiiieieeaeeeiaeiiieeeeeeesessneneeeeeeeesannnnes 579
[2C_CLR_RX_OVER_REG (OX50020648) ......uvvteieeeieiieiieiraaeeeiaiiereeeraeeseannnnneeesaessnannnes 579
[2C_CLR_TX_OVER_REG (0OX5002064C) .....tuuiiiieeeiiiiriieieaaeeeieniereeeeeeeseannnnneeeeeessannnnes 580
12C_CLR_RD_REQ_REG (0X50020650) ......cccvvrrereirreeerereeeeerererssesesssssessssrssssessssnerennnens 580
[2C_CLR_TX _ABRT_REG (OX50020654) ......ccevveieiiieeeiieiiieeeeeeeseresesssssssssesssssessssnerernnenes 580
[2C_CLR_RX_DONE_REG (OX50020658) .......ccttieiiiiiriieiiaaaaeiaiiiieeaaaeseasiiieeeeaeaesaaanes 580
[2C_CLR_ACTIVITY_REG (OX5002065C) ... .uuteeieieeiiiiiiieiiaae e e aiiiiieee e e e e eniiteeeeaa e e e eanes 580
[2C_CLR_STOP_DET_REG (0X50020660) .....cceeteeiiiiriiiiiaaaaeiiiiieeeeaaeseaanineeeeeaeesannnes 581
[2C_CLR_START _DET_REG (0X50020664) ......ccceeiiivrieiireeeeeiiiinrneeeeeesssnnrnneneeeeesnnnnnes 581
[2C_CLR_GEN_CALL_REG (0OX50020668)......cccceeeiiiirrrirrreeessiiirnrnnereeesssnnrrnrneeeessannnnes 581
[2C_ENABLE_REG (OX5002066C) ....cctiieeiiiiiiieireeeeeiaiieieneeeeesssssssenneseessssnsssnnsrsseessannnnes 581
[2C_STATUS _REG (OX50020670)....ccctieeeiiiiueireereeeesiaaiereereeaesssnssnenreseessssnssnnereeeessannnnes 582
[2C_TXFLR_REG (OX50020674) ....uvviieieeeiiiiniieieeeeesissiieteeeeeeesssnssssneeseessssnssnneneeeessannnes 583
[2C_RXFLR_REG (OX50020678) .....uuuttteeeiiiieireeieeeesiaiiuneneeeeeesssnsssnnneseessssnnsnsnreeeessannnes 584
[2C_SDA_HOLD_REG (0X5002067C) ....cciiiuutieiieaeeeiaiiiieeeaae e e aibeteeeaaa e s s asnsieneeeeaeessannes 584
12C_TX_ABRT_SOURCE_REG (0X50020680) .......cccttuutreeiaaeeeiiiiieeeeaaeseanniieeeeeaaesaannes 584
[2C_DMA_CR_REG (OX50020688).....cceeeeiiiuutreeiaaaaaiaiiiiieeaaaeaesaiisseeeaaaeseaninseseeeeeeesaannnes 586
[2C_DMA_TDLR_REG (0X5002068C).......cccuutieiieeeeeiiiiiiieeeaaeeeaaiiiteeeea e e s e asibeeeeeeaeeaaannes 587
[2C_DMA_RDLR_REG (0X50020690) .......cccuutieiieeeeeiaiiiieeeaaeeeeaiiteeeeae e s s ansveeeeeeeaesannnes 587
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[12C_SDA_SETUP_REG (0X50020694) .......ceiiieieririeireiesiriesieeesineesneeesineessneesnnnee e snes 587
12C_ACK_GENERAL_CALL_REG (0X50020698) .......cccrreerreeirrrerreranineesreesnnneesneesnes 588
I2C_ENABLE_STATUS_REG (0X5002069C)........ccciiriiaririeiiieaieee e esinee e snnnee e 588
[2C_IC_FS_SPKLEN_REG (OX500206A0) .....c.cttteeiitrieeaniiieeeeaireeeesireeesanreeessireeesnens 589
[2C_IC_HS_SPKLEN_REG (OX500206A4) ....coitriieiiiiieeeiiiee ettt 589
[2C2_CON_REG (0OX50020700) .....cciiutrteeiiurreeesitreeeaaiteteeasiteeeessireeesasnneeeesanreeessnneesesnens 590
[2C2_TAR_REG (0X50020704).....ccciititieiitiiee ittt e sttt ebre e e enenes 591
[2C2_SAR_REG (OX50020708) ....eeeiiutieieiiutiieeiiiirieeeiitite e s st e e st e s et e e s snre e e sbneeesennnes 592
12C2_HS_MADDR_REG (0X5002070C) .....cceiieeeririeireresireesneeesireesresessneessneesnnneesneesnes 592
[2C2_DATA_CMD_REG (0X50020710) ...cuveeereeeireeireeesireesreeessreesnesessneessneesnnneesneesnnes 592
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[2C2_HS_SCL_HCNT_REG (0X50020724) ....ccctiteeiiiiie ettt 595
[2C2_HS_SCL_LCNT_REG (OX50020728) ....ceivvieeiiiiiieeeiiiieeeniieeeesiiee et 595
[2C2_INTR_STAT_REG (0X5002072C) ....utetieiiiiieeeiiiie ettt ettt 596
[2C2_INTR_MASK_REG (OX50020730) .....vvteeiiriieeaiiiiieeeiiieeessiieeessineeessine e e snne e e 598
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[2C2_CLR_INTR_REG (0X50020740) ....cciteeeeiiirieeenreieeesrnee et e e 601
[2C2_CLR_RX_UNDER_REG (0X50020744)......ccccimitmieeiireieeinieeee e 602
[2C2_CLR_RX_OVER_REG (0X50020748) .......evveeiireieeeiieie et 602
[2C2_CLR_TX_OVER_REG (0X5002074C) .....cctvteeiireieeenreiee e 602
[2C2_CLR_RD_REQ_REG (0X50020750) .....ccicurieeirirrieeenieeee e e ssnree e snree e 602
12C2_CLR_TX_ABRT_REG (0X50020754) ....coitiiieiiiiiee ittt 602
12C2_CLR_RX_DONE_REG (0X50020758) .......cetieiiiiieeiiiiieeeiiiee ettt e s 603
[2C2_CLR_ACTIVITY_REG (OX5002075C) ....ccctitieiiiiieeiiiiie ettt et 603
12C2_CLR_STOP_DET_REG (0X50020760) ......ceeeirtrieeiiiiieeerieieeeriieeessiree e siree e 603
12C2_CLR_START_DET_REG (0X50020764) .....ccciiuiieeiiiiieeiiiiie et 603
[2C2_CLR_GEN_CALL_REG (0X50020768)........cccemituieeirrrieeinreeeesnireee e snnnee e 604
[2C2_ENABLE_REG (0X5002076C) .....ccciitrieeiiiiieeanteieeesreee et e e e s e s 604
[2C2_STATUS_REG (0X50020770).....0cceiireieeiirrieeesreieeesteeeessreee e e e e e e e 604
[2C2_TXFLR_REG (0X50020774) ..citeeeeiitiee ettt 606
[2C2_RXFLR_REG (0X50020778) ......teeeeiiriieeiitiieeesteee ettt 606
[2C2_SDA_HOLD_REG (0X5002077C) .....uvviieiirrieeeitiieeesieee et 606
12C2_TX_ABRT_SOURCE_REG (0X50020780) ......cuuvteeiiuiiieeiriiiieeeniiieeeesieee e siiee e 606
[2C2_DMA_CR_REG (0X50020788).....ccccituiieiiiiieeaiiiieeestiee et ettt sbne e e 609
12C2_DMA_TDLR_REG (0X5002078C)......ceteeiitiieeaiiiieeaiiiee e eieee et 609
12C2_DMA_RDLR_REG (0X50020790) ......ceetiiiiiieeiiiiieeaniiee e rieee e sieee et e e 609
12C2_SDA_SETUP_REG (0X50020794) .....etiiiiiiieeaiiiie ettt ettt 610
12C2_ACK_GENERAL_CALL_REG (0X50020798) ......cceimuiieeiiiiieeiiiiieeeniiee e niiee e 610
[2C2_ENABLE_STATUS_REG (0X5002079C).....ccciiitiiieiiiiieeiiiiee et 610
[2C2_IC_FS_SPKLEN_REG (0X500207A0) .......cutteiitiieeeiiieeeesrrie et 612
[2C2_IC_HS_SPKLEN_REG (OX500207A4) ......ovveeiiiiiee ittt 612
REQGISLEN MAP I3C...eiiiiie ittt e et e e e s et e e e e e e e e e babeeeaaaeeeas 612
I3C_DEVICE_CTRL_REG (0X50020C00) .....cccitrieeiirrieeaniiieeesaireeessnreeessrree e snnee e 615
I3C_DEVICE_ADDR_REG (0X50020C04) ....cciitiiieiiiiieeeiiiee e eiiee ettt 618
I3C_HW_CAPABILITY_REG (OX50020C08) ......ceeieiiuiiieeeiiieeeeriiieeeesiieeessiiee e sieee e 618
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I3C_RX_TX_DATA_PORT_REG (0X50020C14) ......ctvteeiiiiieeeiiiie et 620
I3C_IBI_QUEUE_STATUS_DATA_REG (0X50020C18)......ccceviiiieiiiiieeiiiiieeeniiee e 620
I3C_QUEUE_THLD_CTRL_REG (0X50020C1C) ......ctviieiririieeiiiiiee et 621
I3C_DATA_BUFFER_THLD_CTRL_REG (0X50020C20) ......cccctvreeiiirieeniiieee e 621
I3C_IBI_QUEUE_CTRL_REG (0X50020C24) ......ccciitiieeiiiiieeeiieie ettt 623
I3C_IBI_SIR_REQ_REJECT_REG (0X50020C30)......0cceimrrreeiirrieeiiieieennireee e e 624
I3C_RESET_CTRL_REG (0X50020C34)......ccciiiiiiaiiiiiee ettt 624
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I3C_SLV_EVENT_STATUS REG (0X50020C38) .......cccutuiiieeeeeiiiiiieeeeeeessiininnnesseeesnnnnnes 625
I3C_INTR_STATUS_REG (0X50020C3C) ....uutiiiieeeeeiiiiiiieieeeeesssiinineeeeeessssnnnnneeeaeesnnnnnes 626
I3C_INTR_STATUS_EN_REG (0X50020C40) .....cceeiiivriieireeeeeiiiiiineereeessssninneeeeeeesnnnnes 627
I3C_INTR_SIGNAL_EN_REG (0X50020C44) ....ccceeiiiiiiieieeae ettt e e e e 628
I3C_INTR_FORCE_REG (OX50020C48) ......uutieiiiieeeiiiiiieieeaeeeseiiieeeeee e s e asnieeeeeaaaesennnes 628
I3C_QUEUE_STATUS_LEVEL_REG (0X50020CA4C) ....uvviiieeeiiiiiiiieeiae e eiieeeeeee e 629
I3C_DATA BUFFER_STAT_LEVEL_REG (0X50020C50) ......ccccuvviieiieeeeiiiiiiieeeee e 629
I3C_PRESENT_STATE_REG (OX50020C54) ...coeiiiiiiiiiiiiieae e eeiiiiieee e et e e e e 630
I3C_DEVICE_ADDR_TABLE_PTR_REG (0X50020C5C) .....c.ccocctiiiiireeeeeiiiiieeeeeeeeeniens 632
I3C_DEV_CHAR_TABLE_POINTER_REG (0X50020C60)........cccvvvrrreeeeeiiniirnereeeesaninnns 632
I3C_VENDOR_SPECIFIC_REG_PTR_REG (0X50020CB6C) ......cccvvvereeeeeiiiiirineeeeenennnns 633
I3C_DEVICE_CTRL_EXTENDED_REG (0X50020CB0) ....cccceiiivriiirereeeieiininnereeeeesennnns 633
I3C_SCL_I3C_OD_TIMING_REG (0X50020CBH4) .......cuvtveereeeeeiiiiiineeeeeeessiienneeeaeesannnes 633
I3C_SCL_I3C_PP_TIMING_REG (0X50020CB8)........cccuuueieeeeiiiiiiiineeeeeessssinneeeseeesnnnnnes 634
I3C_SCL_I12C_FM_TIMING_REG (0X50020CBC)......ccuutiiiieeeeeiiiiiiieenee e e e sniiieeeeee e enenes 634
I3C_SCL_I12C_FMP_TIMING_REG (0X50020CC0)......cuuuriieeeeeiiiiiiieeeeeeseinnireeeeeeeesannenes 634
I3C_SCL_EXT_LCNT_TIMING_REG (0X50020CC8) .....eevieeeeiiiiiiiieereeeiesiniieeeeeeaesannnes 634
I3C_SCL_EXT_TERMN_LCNT_TIME_REG (0X50020CCC) .....cccuvviirieeiiiiiiiiieeeeeesnnenns 635
I3C_SDA HOLD_DLY_TIMING_REG (0X50020CD0) ....cctvieeeiiiiiiiieeieeeieinniieeeeeeaesenenes 635
I3C_BUS_FREE_AVAIL_TIMING_REG (0X50020CD4)....ccccceiiiiuiiriiereaeieiiiiinieeeeaesnnnnnes 636
I3C_VER_ID_REG (OX50020CED)......ccttttiiiieieeeeeeeeeeeeeeeeeeeeeessesesssesssssesssssssssssssssssesenerenes 636
I3C_VER_TYPE_REG (OX50020CEZ) ....cceeitiiiiieeeeeeeeeeeeeeeeeesesessssssssssssssssssssssssssssnnssnenenes 636
I3C_QUEUE_SIZE_CAPABILITY_REG (0X50020CES8) ......cccvvvieeieeieeeeeeeeeeeeereeeeennnenenenns 637
ISC_DEV_CHAR_TABLE1 LOC1 _REG (0OX50020EQ0).......cccevveeeeerrerereeeereeereeneenennnenenns 638
I3C_DEV_CHAR_TABLE1 LOC2_REG (OX50020E04).......ccuuveeeeeeeeeeeeeereeeeeneeereneranenenns 638
I3C_DEV_CHAR_TABLE1 LOC3_REG (0X50020E08).......cccvvvereerrrerereerereeererenenenenenenns 638
I3C_DEV_CHAR_TABLE1 LOC4 REG (OX50020E0C) ....ccceiviiiiirieereeeieiiiiiieneeeeesanenes 638
I3C_DEV_CHAR_TABLE2 _LOC1 REG (OX50020E210)....ccccceiiiuririiireeeiaiiiiiieeeeeaesnnnenes 638
I3C_DEV_CHAR_TABLE2 _LOC2_ REG (OX50020E14).....cccceiiiiiiiiieieeeieiiiiiieeeeee s 639
I3C_DEV_CHAR_TABLE2 _LOC3 REG (0X50020E18)......cccceiiiuiiiiiireeeieiiiiiiieeneaenenenes 639
I3C_DEV_CHAR_TABLE2 _LOC4 REG (0X50020E1C) ...cceeeeiiiiiiiieereeeieeiiiiiereeeeeeeneees 639
I3C_DEV_CHAR_TABLE3 LOC1_REG (0X50020E20).......cccevvreeeiieieeeieieeeeerererenerenenenns 639
I3C_DEV_CHAR_TABLE3 LOC2_REG (0OX50020E24)......cccuvvieeeeeeeieieeieeeeeeneeeneneresnnnnns 639
I3C_DEV_CHAR_TABLE3 LOC3_REG (0X50020E28).......cccvvverieiieirereeieeeeerererenerenenenns 639
I3C_DEV_CHAR_TABLE3 LOC4_REG (0X50020E2C) .....cvvvviiiieeeieieieieeeeeeeeeveveneresenanns 640
I3C_DEV_CHAR_TABLE4 LOC1 REG (0OX50020E30)......cccvvvreeeeeeririeeerereeerererenerenenenns 640
I3C_DEV_CHAR_TABLE4 LOC2_REG (0OX50020E34)......ccvvviieieeeeeieieeeeeeeeeseeenenenennnnnns 640
I3C_DEV_CHAR_TABLE4 LOC3 REG (0X50020E38)......cccceiiiuiiiirrieeeieiiniieieeeeaenennnes 640
I3C_DEV_CHAR_TABLE4 LOC4 REG (0X50020E3C) ...coeeeiiiiiiiiieereeeiesieiieireeeeeeenenes 640
I3C_DEV_CHAR_TABLE5 LOC1 REG (0X50020E40)....cccccceiiiiiiiiereeeiaainiiiereeeaesannnes 640
I3C_DEV_CHAR_TABLE5 LOC2 REG (OX50020E44).......ccceiiiieiieeieeeieeiiiieeeeeeeenenes 641
I3C_DEV_CHAR_TABLE5 LOC3 REG (OX50020E48).......ccceiiiiiiieireeeieiiiiiineeeeeneneees 641
I3C_DEV_CHAR_TABLE5 LOC4 REG (OX50020E4C) ...ccceeeiiiiiiiieeeeeeieeeiieieeeaeeeeneees 641
I3C_DEV_CHAR_TABLE6_LOC1 REG (0X50020E50).......cccvvvieeeieririeieeeeeeerererenenenenenns 641
I3C_DEV_CHAR_TABLEG6_LOC2_REG (0X50020E54)......cccvvvieieieieiieieeeeeeeereeenenenennnanns 641
I3C_DEV_CHAR_TABLEG6_LOC3_REG (0X50020E58)......cccciiiiiiiiiiiaaaiaiiiiiiieeee e 641
I3C_DEV_CHAR_TABLEG6_LOC4 REG (0X50020E5C) ....ccceiiiiiiiiiieiaeaieiiiiiiieee e 642
I3C_DEV_CHAR_TABLE7_LOC1_REG (0X50020EB0).......ccccisiurrrieeiaaaiaiiiiiiieeeeeeeneeees 642
I3C_DEV_CHAR_TABLE7 _LOC2_ REG (0X50020E64).......cccccccuuiirereeeieiiniineneneaennnnnnns 642
I3C_DEV_CHAR_TABLE7 _LOC3 REG (0X50020E68).......cccccccvrrmrrreeeieiiniinereeeaesnnnnnes 642
I3C_DEV_CHAR_TABLE7 _LOC4 REG (0X50020EBC) ......cceviiurrrrrereeeieiinienereeeaesnnnnnns 642
I3C_DEV_CHAR_TABLE8 LOC1 REG (0X50020E70)....ccccceiiiirrrmrereeeieiinrrrnreeeaesannnnes 642
I3C_DEV_CHAR_TABLE8 LOC2 REG (0X50020E74)....cccccciiiiiiiieereeeieiiiinnreeaaesnnnnnes 643
I3C_DEV_CHAR_TABLE8 LOC3 REG (0X50020E78).....ccccceiicrrrirereeeisiieiinereneeesannnnes 643
I3C_DEV_CHAR_TABLE8 LOC4 REG (OX50020E7C) ...cceeeiiiiiiiiieeiaeeiaiiiiiiieeee e e 643
I3C_DEV_ADDR_TABLE_LOC1 _REG (0X50020E80).....cccceetiiiuririieiaaaiaaiiiiieeeeaaeanannes 643
I3C_DEV_ADDR_TABLE_LOC2_REG (0X50020E84)......ccccetiiiiiiiiieiaaaiaiiiiiieeeaa e e 644
I3C_DEV_ADDR_TABLE_LOC3 _REG (0X50020E88)......cccccttiiiiiiiiiiaaaiaiiiiiiieeeeaeeanines 644
I3C_DEV_ADDR_TABLE_LOC4 REG (0X50020E8C) ....cceeeeiiiiiiiiiieiaaaaaiiiiiiieeeea e e 645
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I3C_DEV_ADDR_TABLE_LOC5_REG (0X50020E90).......c.ccvvirrierreranireenireeennnee e 646
I3C_DEV_ADDR_TABLE_LOCG6_REG (0X50020E94).......ccccvvinrieiierenineenireeeninee e 646
I3C_DEV_ADDR_TABLE_LOC7_REG (0X50020E98).........ccceerrrerriranieeenineenninee e 647
I3C_DEV_ADDR_TABLE_LOC8_REG (0X50020E9C) ........cciiiiiiieiiiieeniieee e 648
REQIStEr MAP LCDC ... .ttt e bt e e st e e e st e e e e snbreeeeaaes 648
LCDC_MODE_REG (0X30030000)........ceeeeitrreeeitreeeaitreeesarreeessrreeesssneeesssseeessnsseeesses 650
LCDC_CLKCTRL_REG (0X30030004) .....cciitrreeeitreeeeiireeeeaireeeeaarreeeesssneeessnsreeessnnneeessae 651
LCDC_BGCOLOR_REG (0X30030008) .....c.tvveeeirreeeeiireeaeirreeeesireeesssnneeessnsreeessnsneeessne 652
LCDC_RESXY_REG (0X3003000C) .......cctmmureerreeireeesreeanseeasireesreeessneesnessssneesnnneesneenns 652
LCDC_FRONTPORCHXY_REG (0X30030014) .....coveiieieieeenireeiieee e sieeesinee e nnee e 652
LCDC_BLANKINGXY_REG (0X30030018) ....ccvveirrrerireraireerineesnrneesreessneeessneesnneeesneenns 652
LCDC_BACKPORCHXY_REG (0X3003001C) ....ccctvverireeiieeenireesreeesreesnee e sneeennneenns 652
LCDC_STARTXY_REG (0X30030024) .....cccuueeireeireierreeanieeesreesnrneesneesneeessneesnnneesneenns 652
LCDC_DBIB_CFG_REG (0X30030028) .....ccveeireeirererireeanieeesireesnnneesreessneeessneesnneeesneesns 653
LCDC_GPIO_REG (0X3003002C) ...cccitreeeeitreeeeitreeeestreeeeatseeesstseeesssneeesssseeessnsneeesses 654
LCDC_LAYERO_MODE_REG (0X30030030) ......uuveeeeitreeeeiireeeeiireeeesineeessnsneeeesnsneeessnes 655
LCDC_LAYERO_STARTXY_REG (0X30030034) ....ccciitrreeeiiiieeeiiiieeeaiieeeesireeeesnineeeeanes 656
LCDC_LAYERO_SIZEXY_REG (0X30030038)......cceeeitreeeaiirieeeiirreeeaineeeesnireeeesnineeeeanes 656
LCDC_LAYERO_BASEADDR_REG (0X3003003C) ......cueeeiiriieeiiiieeeiiieeeesineeeesnineeeeanes 656
LCDC_LAYERO_STRIDE_REG (0X30030040) ......ceeeitrieeeiiiieeeiiieeeeiniieeessnireeeesnineeeeanes 656
LCDC_LAYERO_RESXY_REG (0X30030044) .......cceiiiireeeiirrieeairneeeeinnneeessnneeessnnneees e 657
LCDC_LAYER1_MODE_REG (0X30030050) .......cueeeeirreeeeirreeeerrreeessnnneeessnnneeessnnneeesnes 657
LCDC_LAYER1_STARTXY_REG (0X30030054) ......cccveeeiirrieeeirreeeeinnneeeesnnneeeesnnneeee e 658
LCDC_LAYER1_SIZEXY_REG (0X30030058)......ccccimrreeeiirreeesirreeeeinneeeesrneeessnnneeeenes 658
LCDC_LAYER1_BASEADDR_REG (0X3003005C) ......ccceiirrieeiirreeeeirneeessrneeeesnnneeeennes 658
LCDC_LAYER1_STRIDE_REG (0X30030060) ......cccerirreeeerrreeearrreeeesmneeessrneeessnnneeeenes 658
LCDC_LAYER1_RESXY_REG (0X30030064) .......ccceiitriieaiiiieeaiiieeeeiiieeesanireeeesnineeeeanes 659
LCDC_DBIB_CMD_REG (OX300300ES8) .......cceeeitrieiaiirieeeiiieeeeinireeeesnineeessineeessneneeee e 659
LCDC_DBIB_RDAT_REG (0X300300EC) ......ccceiitiiiiaiiiieeeiiiieeeiiiieeesiieee e sireeeesnineee e 660
LCDC_CONF_REG (0X300300F0) .....uuueeeeiiieeeeiiieeeeiiieeeeatieeeestseeessbeeeessbseeeesnnneeeeanes 660
LCDC_IDREG_REG (OX300300F24) ......uuttiiiiiieeeiiieeeeaireeeeaiteeeestseeessteeeessbeeeeesnsseeesanes 661
LCDC_INTERRUPT_REG (0X300300F8).......cccciituiieiirieeeeirieeeeinireeeesineeessnneeeesnnneeee e 661
LCDC_STATUS_REG (OX300300FC) ....ceeiitrieeeirieeeeirrieeeanireeessnreeesssnneeesssneeessnnneeesses 661
LCDC_COLMOD_REG (0X30030100) .....cccctreeeeirreeeairreeesarneeessnnreeesssnneeessnsneeessnnneeesses 662
LCDC_CRC_REG (0OX30030184) .....cceitreeeiirreeeairreeeesrreeessrreeessnneeessnneeessnsneeessnnneeesses 663
LCDC_FMTCTRL_REG (0OX300301A0) ...cccitreeeeirreeeeirreeeesrreeeesrreeesssnneeessnsneeesssnneeesnes 663
LCDC_FMTCTRL_2_REG (0X30030LA4) ....oeeeiiiiiieeeitieee ettt e e snree e snneee e 664
LCDC_CLKCTRL_CG_REG (OX300301A8) ...cceeitreeeeiirieeeiiiieeeaireeeesiieeessnireeeesnineeee e 664
LCDC_FMTCTRL_3_REG (OX30030LAC) ... .cttiiitiieeeiiiieeeiiieeeeaiieeeesniieee s snireeeesnineeee e 664
LCDC_PALETTE_BASE (0X30030400)........uuttttittieeaiiieeeeaiieeeeanireeeessineeessnsreeessnnneeesanes 664
LCDC_PALETTE_255 (OX300307FC) ...uetiiiiiieeeiiiieeeiiiieeeaniieeeesnireeessstaeeessbbeeeesnnneeee e 665
Register map MEMOCTRL ......uuiiiiiie ettt et e e b e e e 665
MEM_PRIO_ARB1_4 REG (OX50050004).....cccciituitiiiirieeeiiiieeeaiieeeeasiieeeesnireeeesneneeee e 665
MEM_PRIO_ARB5_8_REG (0X50050008)......ccccctretieirreeeeirreeeeirreeeeanneeessnneeeesnnneeee e 667
MEM_STALL_REG (OX500500210) .....ccuvveeeeirieeeeirreeeeirreeessrreeessnreeessnneeessnneeessnnneeessnes 668
MEM_STATUS_REG (OX50050014).......ccciiituieieitiieeeitieeeeitieeessrneeessnneeessnneeessnnneeee e 669
MEM_STATUS2_REG (OX50050018).....ccciitrreeeiriieeeiiieeeeiniieeeesireeeessnneeessnnreeeesnnneees e 669
CMI_CODE_BASE_REG (0X50050020) .......ccututteiiieeeeiineeeeiireeeessisneeesnseeeessnneeessnneees 670
CMI_DATA_BASE_REG (0X50050024) ....cccoitueeieiiieieeiiieieessiiieeessiieeeessiseeeessnneeeessnneeee s 671
CMI_SHARED_BASE_REG (0X50050028) .......ccciiturtieiiiiiieiiiieiesniieeeessieeeessnneeessnneeens 671
CMI_END_REG (0X5005002C)......uuuttieitieeeaiiieeeeitieeeessiieeeeseieeeessssseeesnnseeeessnsseesssnnseess 671
CMAC_STATUS_REG (0X50050030) .....eeeieitreeeeiiieeeeiiireeeanireeeessineeeessneeeessnseeessnneees 672
BUSY_SET_REG (0X50050070).....cccututteiitieeeeiiiieeestiteeestieeessiteeeessnteeesssnbneeessseeeessnnnes 672
BUSY_SET_REG2 (OX50050074).......uutieiiiiieeiiiiieeeeiiie e st e e stee e e sitee e sibeee e s snbaeeesnnnees 674
BUSY_RESET_REG (0X50050078)......ccccitttieiiiiieeaniiieeestieeessiteee et e e e e nnnee e 675
BUSY_RESET_REG2 (0X5005007C) ...cccoitiieeiitiieeeiiiieeesiiee et e et snre e 676
BUSY_STAT_REG (0X50050080) ......ceeeeiirrieeiiriieeaiiiieeesiteeeessireeeessiree e e sineee e e e 677
BUSY_STAT_REG2 (0X50050084) ......cccoritrieeiiiiieeiiiiieeesieee et e ettt e 677
Register map OQSPIF ... 678
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OQSPIF_CTRLBUS_REG (0X36000000) .......cccsueerrerarmreerreesnnneesreeessneesnesssnneesnesensnees 679
OQSPIF_CTRLMODE_REG (0X36000004) ......ccvteiieieireenreeiieee e esieee s snnneesneeennnees 680
OQSPIF_RECVDATA_REG (0X36000008) .......cvterrereririerreeirneesreeesseeesnessnnneesneeennnees 683
OQSPIF_BURSTCMDA_REG (0X3600000C) .....cccuuveieiiirieeiirreieniineeessineeeessiereeesnineees 683
OQSPIF_BURSTCMDB_REG (0X36000010) ......cccuuvtteiiirrieiirreeeniireeessinieeessneeeesseneeens 684
OQSPIF_STATUS_REG (0X36000014) ....ccciituiiieiiieieeiiirieeaniiieeessiinee e sineeeessinreeessnnneee s 685
OQSPIF_WRITEDATA_REG (0X36000018) .....ccciiuurieeiiiriieiireiieaniineeessiiieeessneeeessneneee s 685
OQSPIF_READDATA_REG (0X3600001C) .....ceteiiiiiieiiirieeiiieeeessiiieee s e sinneee s 686
OQSPIF_DUMMYDATA_REG (0X36000020) ......ccoctvreririerreeirneesreeesineesnesssnneesneesnnnees 686
OQSPIF_ERASECTRL_REG (0X36000024) .......oeeiieieireenieeareee e 686
OQSPIF_ERASECMDA_REG (0X36000028).......cccctuterreerreeirneesreeesneesnesssnneesneesnnnees 687
OQSPIF_ERASECMDB_REG (0X3600002C) ......cccctererireerreeireeesreeesieeesnesssnneesnee e 687
OQSPIF_ERASECMDC_REG (0X36000030)......ccccteiemreerreeirneesreeesneesneessnneesneesnnnees 689
OQSPIF_BURSTBRK_REG (0X36000034) ......ccuteireieririeireeereee e esieee s ssnneesnee e 689
OQSPIF_STATUSCMD_REG (0X36000038) ......cccuvuteeiiiriieiirreiesniiieeesninieeessieeeessnneees 690
OQSPIF_CHCKERASE_REG (0X3600003C)....ccccittrtteiiiriieiirieeesniieeeesnieeeessiseeesseneees 691
OQSPIF_GP_REG (0X36000040)......cccciurtteiiteeteiiieeeeiiireeeaireeeesninneeessinseeessnneeessnneees 692
OQSPIF_CTR_CTRL_REG (0X36000100) .......ccccimurieeiiireeeiireeeeaniineeessiieeessineeessnneeens 692
OQSPIF_CTR_SADDR_REG (0X36000104).....ccciiuiiieiiireieiiiieeeaniineeessieeeesseneeessnneee s 692
OQSPIF_CTR_EADDR_REG (0X36000108).....ccccsurtteiiireieiirneeeaniiieeesniiieeessineeesseneeens 693
OQSPIF_CTR_NONCE_0_3_REG (0X3600010C)......ccccuvrrerirrrrerirnerernneeeennnreeesnnneeens 693
OQSPIF_CTR_NONCE_4_7_REG (0X36000110) ....cccosurrreiirrereiinrerennnreeensnneeesnnneeens 693
OQSPIF_CTR_KEY_0_3_REG (0X36000114) ......cuveieiirrereiirnereninreeesnneeeesnnneeesnnneees 694
OQSPIF_CTR_KEY_4_7_REG (0X36000118) ......ccuveeeiiirireiirrereiinreeesnnreeessnneeesnnneees 694
OQSPIF_CTR_KEY_8_11 REG (0X3600011C) .....ovvveiirrireiiieereiineeee e snrneeesnnneeens 694
OQSPIF_CTR_KEY_12_15_REG (0X36000120) ......ccccsturrrerrrrererninrerennnreeesnnneeesnnneeens 695
OQSPIF_CTR_KEY_16_19 REG (0X36000124) ......cccoiuriieiiiiiieiiiieeesniieeeesireee e 695
OQSPIF_CTR_KEY_20_23 REG (0X36000128) .......cccsureieiiriiieiirieeenniiieeeenireeesnineeens 695
OQSPIF_CTR_KEY_24_ 27 REG (0X3600012C) .....ccciiiriieiiiiiieiiiieeesniieeessieeeesneneee s 695
OQSPIF_CTR_KEY_28_31_REG (0X36000130) .....cceeiruurrieiirrieeiiireeesninieeessnreeesnnneeens 695
Register Map EMMUC .......ooo ittt ettt e e b 695
EMMC_SDMASA_R_REG (0X30058000) ......ccccuvteeirrrieeininieeesrreeessnreeessnreeessrnee e 699
EMMC_BLOCKSIZE_R_REG (0X30058004) .......cceiiriieeiniiieeinieee e 700
EMMC_BLOCKCOUNT_R_REG (0X30058006).........ccccctmrrieeirirrieeanrreeesnrreee e e 701
EMMC_ARGUMENT_R_REG (0X30058008) .......ccccrctrieeiriiieeiiriieeenireee e 701
EMMC_XFER_MODE_R_REG (0X3005800C).......cccctvtteiriiieeiireieeeniieee e e 702
EMMC_CMD_R_REG (0X3005800E) ......cctvteeiirrieeeireieeentreeessrree e e snree e e s 704
EMMC_RESPO1_R_REG (0X30058010) ......ccciitriieiiiiieeiiiiieeeiiieeeesiiee e sieee e sinee e 706
EMMC_RESP23 R _REG (0X30058014) ......cceiitiiieiiiiieeiiiiee e riiee et 706
EMMC_RESP45 R _REG (0X30058018) ......ccciiitiiieiiiiieeaiiiieeeiiiee ettt 706
EMMC_RESP67_R_REG (0X300580LC) .....cceiitiiieiniiiieeeiiiee e iiiee ettt 706
EMMC_BUF_DATA_R_REG (0X30058020) .......ccceeiiuiieeiiiieeeeriiiee et essiee e siree e 707
EMMC_PSTATE_REG (0X30058024) .......uvetiiiiiiieeeiiiee ettt 707
EMMC_HOST_CTRL1_R_REG (0X30058028) ........ccuvteeirriieeinriieesniiie e 710
EMMC_PWR_CTRL_R_REG (0X30058029)........cccimtiiieirriieeinieieeeniiee e 712
EMMC_BGAP_CTRL_R_REG (0X3005802A) ......cccoititeeiiiiieeiiiiiee et 713
EMMC_WUP_CTRL_R_REG (0X3005802B) .......cccomituieeiiiiieeiiiiiee et 714
EMMC_CLK_CTRL_R_REG (0X3005802C).......cccceimtrieeiniiieenniieeeeaiieeessinee e e 715
EMMC_TOUT_CTRL_R_REG (0X3005802E) ......ccceiitiieeiiiiieeeiiiie et 717
EMMC_SW_RST_R_REG (OX3005802F) ....cccoiitiiieiiiiiee et eiiee ettt 717
EMMC_NORMAL_INT_STAT_R_REG (0x30058030) .......cceeeiririeeaniiiieenniiieeeenieeee e 718
EMMC_ERROR_INT_STAT_R_REG (0X30058032)......ccccuutteiiiiieeiiiiieeeiiiee e siiee e 721
EMMC_NORMAL_INT_STAT_EN_R_REG (0X30058034) ......ccuvveeiiiiieeiiiieee i 724
EMMC_ERROR_INT_STAT_EN_R_REG (0X30058036) ........cccuveerrirereriiieeenniieeeennenes 726
EMMC_NORMAL_INT_SIGNAL_EN_R_REG (0x30058038) ........ccccvererrrrieernrreeeninne 728
EMMC_ERROR_INT_SIGNAL_EN_R_REG (0X3005803A) .......cceeiriiiieeriirieenniieee e 730
EMMC_AUTO_CMD_STAT_R_REG (0X3005803C)......ccccuvteeirriieeiiiiieennireee e 732
EMMC_HOST_CTRL2_R_REG (0X3005803E) ......cccctvteeiririieeiririieeeniiee e 733
EMMC_CAPABILITIES1_R_REG (0X30058040) ........eeeeiiiiieeiiiiieeesiiiie et 736
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EMMC_CAPABILITIES2_R_REG (0X30058044) .......ceteeiiiiieeiiiiieeeniiee e siiee et 739
EMMC_CURR_CAPABILITIES1_R_REG (0X30058048) ........ccccvveeiriiieeniiieeeeniieeeennenes 741
EMMC_CURR_CAPABILITIES2_R_REG (0X3005804C) ......cccouteeiiiiiieniiieeeeniieee e 742
EMMC_FORCE_AUTO_CMD_STAT_R_REG (0x30058050) .......cueeveeeiiiimiiiieeaeaanaannnns 742
EMMC_FORCE_ERROR_INT_STAT_R_REG (0x30058052) .......cccctteeiiiiiiiiiieeeaenananns 743
EMMC_ADMA_ERR_STAT_R_REG (0X30058054) ......uuttiiieeiiiiiiiiieiaeeaeaniiieeeeae e e 745
EMMC_ADMA_SA LOW_R_REG (0X30058058) .......c.uuveeieeeeeiiiiirieeiaaeeeanniieeeeeaaesnnnnes 745
EMMC_PRESET_INIT_R_REG (0X30058060) ......ccccectutiiiiaaeeeiiiiiieeereeeeeennvreeeeeaeesenenes 745
EMMC_PRESET_DS_R_REG (0X30058062) .......cccectvteeiiiiieeeiiieeeeniieeessieeeessieeeesnnens 746
EMMC_PRESET_HS_R_REG (0X30058064) ......cccciitutieiiiiieeiiiiieeesiieeessineeessieeeesnneees 747
EMMC_PRESET_SDR12_R_REG (0X30058066)..........ccccutteiriiieeiiiiieesiiieeesnineeesnnenes 747
EMMC_PRESET_SDR25 R_REG (0X30058068)........ccccccutieiiiiieeiiiiieeeiieeeesnineeesnneees 748
EMMC_PRESET_SDR50_R_REG (0X3005806A) .......cceviitiiieiiiiieeaniieeessiieeessieeeesnnenes 748
EMMC_PRESET_SDR104_R_REG (0X3005806C) .......cccctvtteiriiieeaniiieeeiiieeessineeesnnenes 749
EMMC_PRESET_DDR50_R_REG (0X3005806E) .........ccuttiieiiiiiiiiieieeeeeiniiieeeeeeeseeenes 749
EMMC_PRESET_UHS2 R REG (0X30058074).......cccuuutiieeeeeiiiiiiieeeeeessanireeeeeeeesnnnnnes 750
EMMC_P _EMBEDDED CNTRL_REG (0OX300580EB) ......ccccceiiiiuiiiiiiieeeiiiiiiiiieeeeeesnnenns 750
EMMC_P_VENDOR_SPECIFIC_AREA REG (0X300580ES8) .......ccccvveeiiiimiiiierieaesnnnnnns 750
EMMC_P_VNDR2_SPECIFIC_AREA REG (0X300580EA) ......cccvviiiieeiiiiiiiieeeeeeeenenns 751
EMMC_SLOT_INTR_STATUS R_REG (0X300580FC)......cccceiiiiiiiiiieeeieiiiiiiieeeeeeeenenes 751
EMMC_HOST_CNTRL_VERS_R_REG (0X300580FE) .......cccetituttriiiieeeiiiiiiiieeeee e 751
EMMC_CQCAP_REG (0X30058184).....ccciiiuurriiieiaaeiiiiiiieieeae e e aaiiiieeeee e e s s snirseeeeeeeesannnes 752
EMMC_VER_ID_R_REG (0X30058500)........uuuutttteaaiiiiieiieaaeeaniiiireeeeeessasireeeeeeeeesanenes 753
EMMC_VER_TYPE_R_REG (0X30058504) ......cccttttiiiitiiiieaeeeiiiiiiieeee e e s aniiieeeeeeeesanines 753
EMMC_CTRL_R _REG (0X30058508) .......cccuuteeeieieeeiiiiiieieeaeeeasiiirreeeeeeseanirreeeeeeaesannnes 753
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UART_SRBR_STHR4_REG (0X50020040)..........ccceeverrereeererseeresessesesessesesessssessesenenens 897
UART_SRBR_STHR5_REG (0X50020044).........cccveviriierereieiisiessiesssssesssssesessssssssens 898
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UART_SRBR_STHR10_REG (OX50020058)..........eveeerreerereeresreseereeresesesesesesssssssseess 902
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UART2_SRBR_STHR5_REG (0OX50020144).....cccttiiiiiiiiiiiiiaae et 923
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1 Block Diagram
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Figure 1: DA1470x Block Diagram
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2 DA1470x Product Family
Table 1 presents the differentiation among the members of the DA1470x product family.
Table 1: DA1470x Product Family Differentiation
Features DA14701 DA14705 DA14706 DA14708
External PSRAM with Data 4 X v v
Cache
JEITA Charger X v v
Boost DCDC converter x v v v
eMMC v x x v
Rest of features v v v v
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3 Pinout

The DA1470x comes in a VFBGA142 6.2x6 mm package with 0.45 mm pitch and 0.25 mm ball
diameter. The actual pin/ball assignment is depicted in the following section.

3.1 VFBGA142 Pinout

- . . . .

PSUBRF

- = . T o} n m o o @ >

=

ONOXORON X 0.0.0
QOOO00 000000

POOOCOPODODOO® D

(Top view)
Switching signal, Static signal, . ) . )
high current high current, Analog signal Quiet ground
DNO connection it\:tfuﬂg:z h .Digital signal D Noisy ground

Figure 2: VFBGA142 Ball Assignment
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Table 2: DA1470x Pin Description

Ball
No.

Pin Name

Type

Reset
State

Description

General Purpose 1/Os and fixed pi

n assignment

A4

P2_06

OQSPIF_D6

DIO

DIO

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 (Note 3).

INPUT/OUTPUT. OQSPI Flash 1/O data 6.

A5

P2_07

OQSPIF_D7

DIO

DIO

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 (Note 3).

INPUT/OUTPUT. OQSPI Flash I/O data 7.

Bl

P2_04

OQSPIF_D4

DIO

DIO

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 (Note 3).

INPUT/OUTPUT. OQSPI Flash I/O data 4.

B2

P2_05

OQSPIF_D5

DIO

DIO

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 (Note 3).

INPUT/OUTPUT. OQSPI Flash I/O data 5.

B5

P1_16

eMMC_D6

DIO

DIO

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 (Note 3).

INPUT/OUTPUT. eMMC I/O data 6.

B6

PO_07

CMAC_SWDCLK

DIO

DI

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. Arm Cortex-M0+ (CMAC) SWD clock signal.

B7

PO_04

CMAC_SWDIO

DIO

DI

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

INPUT. ARM Cortex-M0+ (CMAC) SWD data I/O signal.

B8

P1_04

HiwuU3

DIO

DI

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. Hibernation wake-up trigger 3.
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Ball . Reset A

No. Pin Name Type State Description

B1l PO_18 DIO 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.

JDI_ENB DO OUTPUT. JDI Write enable signal for the pixel memory.
LCD_Cs DO OUTPUT. Display Chip select.
B12 P0O_06 DIO 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.

GPADC2 Al INPUT. Analog input for the general-purpose ADC,
channel 2.
C3 PO_25 DIO 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 (Note 3).

eMMC_CLK DO OUTPUT. eMMC Host to card clock signal.

C4 PO_26 DIO 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 (Note 3).

eMMC_CMD DIO INPUT/OUTPUT. eMMC Bidirectional
Command/Response signal.
C5 P1 21 DIO 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 (Note 3).

eMMC_RST DO OUTPUT. eMMC Reset signal.

C6 P1_08 DIO 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 (Note 3).

eMMC_D3 DIO INPUT/OUTPUT. eMMC Bidirectional data signal, bit 3.

C7 PO_00 DIO 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 alternate
function nodes. Contains state retention mechanism
during power down.

M33_SWDIO DIO INPUT/OUTPUT. ARM Cortex-M33 SWD data I/O
signal.
C8 P0O_20 DIO 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.

DIVN DO OUTPUT. DIVN clock signal output (square wave).
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Ball
No.

Pin Name

Type

Reset
State

Description

Hiwu1l

DI

INPUT. Hibernation wake-up trigger 1.

C9

P1_03

DIO

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.

C10

PO_11

NTC Supply

DIO

AO

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. Power supply for the battery NTC sensor.

Ci1

PO_29

NTC Sense
Hiwu2

DIO

Al
DI

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. Analog input for battery NTC (feedback).
INPUT. Hibernation wake-up trigger 2.

D1

P1_29

DIO

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 (Note 3).

D2

P2 12

DIO

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 (Note 3).

D3

P2 13

DIO

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 alternate
function nodes. Contains state retention mechanism
during power down (Note 3).

D4

PO_12

DIO

I-PU

INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-up enabled during and
after reset. General-purpose /O port bit or alternate
function nodes. Contains state retention mechanism
during power down (Note 3).

D5

P1 02

eMMC_DO

DIO

DIO

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 (Note 3).

INPUT/OUTPUT. eMMC Bidirectional data signal, bit 0.

D6

PO_01

M33_SWDCLK

DIO

DI

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. Arm Cortex-M33 SWD clock signal.
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Ball
No.

Pin Name

Type

Reset
State

Description

D7

PO_03

SNC_SWDCLK

DIO

DI

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. SNC ARM Cortex-M0+ SWD clock signal.

D8

PO_02

SNC_SWDIO

DIO

DIO

I-PU

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

INPUT/OUTPUT. SNC ARM Cortex-M0+ SWD data I/O
signal.

D9

PO_05

GPADC1

DIO

Al

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. Analog input for the general-purpose ADC,
channel 1.

D10

PO_19

JDI_VCOM/FRP

LCD_EXTCOMIN

DIO

DO

DO

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. JDI Common electrode driving signal
(62.5 Hz).

OUTPUT. Display COM Inversion Signal Input (1 Hz).

D11

PO_28

Hiwu4

DIO

DI

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. Hibernation wake-up trigger 4.

El

PO_13

DIO

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 alternate
function nodes. Contains state retention mechanism
during power down (Note 3).

E2

P2_14

DIO

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 alternate
function nodes. Contains state retention mechanism
during power down (Note 3).

E3

P2_00

SPI3_DI

DIO

DI

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 (Note 3).

INPUT. SPI3 data input signal (MISO).

Datasheet

Revision 3.2 10-Nov-2022

CFR0011-120-00

46 of 1019 © 2022 Renesas Electronics




DA1470x

RENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

Ball
No.

Pin Name

Type

Reset
State

Description

E4

P2_02

SPI3_DO

DIO

DO

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 (Note 3).

OUTPUT. SPI3 data output signal (MOSI).

ES

P1 10

eMMC_D1

DIO

DIO

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 (Note 3).

INPUT/OUTPUT. eMMC Bidirectional data signal, bit 1.

E6

P2 03

eMMC_D7

DIO

DIO

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 (Note 3).

INPUT/OUTPUT. eMMC Bidirectional data signal, bit 7.

E7

PO_09

JDI_VCK
XTAL32M

DIO

DO
DO

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. JDI Shift clock for the vertical driver.
OUTPUT. XTAL32M clock signal output (square wave).

E8

P1 01

JDI_BLUEO

DIO

DO

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. JDI Blue image data output, bit O.

E9

PO_14

JDI_HCK

LCD_SPI_SCLK

DIO

DO

DO

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. JDI Shift clock signal for the horizontal driver.

OUTPUT. Display serial clock signal.

E10

PO_21

JDI_BLUE1

DIO

DO

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. JDI Blue image data output, bit 1.
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Ball
No.

Pin Name

Type

Reset
State

Description

F1

P2_10

USBp

DIO

AlIO

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.

INPUT/OUTPUT. Analog USB Full Speed D+ signal.

F2

P1_28

SPI3_CLK

DIO

DO

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 (Note 3).

OUTPUT. SPI3 clock signal.

F3

P1_20

QSPIC2_D3

DIO

DIO

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 (Note 3).

INPUT/OUTPUT. QSPIC2 Bidirectional data signal,
bit 3.

F4

P1 19

QSPIC2_CLK

DIO

DO

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 (Note 3).

OUTPUT. QSPIC2 clock signal.

F7

PO_24

JDI_GREENO

DIO

DO

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. JDI Green image data output, bit O.

F8

PO_15

JDI_HST

LCD_SPI_SD/SI

DIO

DO

DIO

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. Start signal for the horizontal driver.

INPUT/OUTPUT. Display Bidirectional Serial data O
(SPI3, SPI4, DualSPI, QuadSPI).

F9

PO_17

JDI_REDO

LCD_SPI_SD3

DIO

DO

DO

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. JDI Red image data output, bit O.

OUTPUT. Display Serial data 3 (QuadSPI)
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Ball
No.

Pin Name

Type

Reset
State

Description

Gl

P2 11

USBm

DIO

AlIO

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.

INPUT/OUTPUT. Analog USB Full Speed D- signal.

G2

P1_14

QSPIC2_D1

DIO

DIO

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 (Note 3).

INPUT/OUTPUT. QSPIC2 Bidirectional data signal,
bit 1.

G3

P1 27

QSPIC_D1

DIO

DIO

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 (Note 3).

INPUT/OUTPUT. QSPIC Bidirectional data signal, bit 1.

G4

P1 17

eMMC_D5
QSPIC_D3

DIO

DIO
DIO

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 (Note 3).

INPUT/OUTPUT. eMMC Bidirectional data signal, bit 5.
INPUT/OUTPUT. QSPIC Bidirectional data signal, bit 3.

G8

PO_16

JDI_VST

LCD_SPI_SD1/DC

DIO

DO

DO

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. JDI display Row pointer reset indication
signal to top of the display.

OUTPUT. Dispaly Serial data 1 (DualSPI, QuadSPI) -
Data/Command select (SP14).

G9

PO_10

JDI_XFRP

LCD_TE

DIO

DO

DI

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. Display Liquid crystal driving signal (62.5Hz
inverted).

INPUT. Display Tearing effect signal. Used to
synchronize the CPU to the frame memory writing.

G10

PO_08

UART Boot TX

DIO

DO

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. UART Transmit data output during boot.
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Ball
No.

Pin Name

Type

Reset
State

Description

H2

PO_22

JDI_XRST

LCD_SPI_SD2

DIO

DO

DO

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. Display Reset signal for the horizontal and
vertical driver.

OUTPUT. Display Serial data 2 (QuadSPl).

H3

P1_26

QSPIC_CLK

DIO

DO

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 (Note 3).

OUTPUT. QSPIC clock signal.

H4

P1 13

QSPIC2_D2

DIO

DIO

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 (Note 3).

INPUT/OUTPUT. QSPIC2 Bidirectional data signal,
bit 2.

H5

P1 18

eMMC_D4
QSPIC_D2

DIO

DIO
DIO

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 (Note 3).

INPUT/OUTPUT. eMMC Bidirectional data signal, bit 4.
INPUT/OUTPUT. QSPIC Bidirectional data signal, bit 2.

H9

PO_23

JDI_RED1

DIO

DO

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. JDI Red image data output, bit 1.

H10

PO_30

GPADC4

Timer.PWM

DIO

Al

DO

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 for the general-purpose ADC,
channel 4.

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

H11

P2_09

XTAL32kp

DIO

Al
DI

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. Analog input of the XTAL32K crystal oscillator.

INPUT. Digital input for an external clock (square wave).
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Reset
State
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H12

P2_08

XTAL32km

DIO

AO

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. Analog output of the XTAL32K crystal
oscillator.

J3

P1_24

QSPIC2_CS

DIO

DO

I-PU

INPUT/OUTPUT with selectable pull-up/down resistor
and open drain functionality. Pull-up enabled during and
after reset. General-purpose /O port bit or alternate
function nodes. Contains state retention mechanism
during power down (Note 3).

OUTPUT. QSPIC2 chip select signal.

J4

P1_09

eMMC_D2
QSPIC_DO

DIO

DIO
DIO

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 (Note 3).

INPUT/OUTPUT. eMMC Bidirectional data signal, bit 2.
INPUT/OUTPUT. QSPIC Bidirectional data signal, bit 0

J5

P1 25

QSPIC_CS

DIO

DO

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 (Note 3).

OUTPUT. QSPIC chip select signal.

J6

P1 15

QSPIC2_DO

DIO

DIO

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 (Note 3).

INPUT/OUTPUT. QSPIC2 Bidirectional data signal,
bit 0.

J7

P1 31

TRACE_DATA[2]
Timer4.PWM

DIO

DO
DO

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. ETM data signal, bit 2.
OUTPUT. Timer4/PWM output (PWM) in Sleep mode.

J8

P1 30

TRACE_DATAJO0]
Timer3.PWM

DIO

DO
DO

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. ETM data signal, bit O.
OUTPUT. Timer3/PWM output (PWM) in Sleep mode.
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J9

P2_01

UART Boot RX

DIO

DI

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. UART Receive data input during boot.

K3

P1 07

DIO

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.

K4

P1_00

JDI_GREEN1

DIO

DO

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. JDI Green image data output, bit 1.

K5

PO_31

TRACE_CLK
XTAL32k

DIO

DO
DO

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. ETM clock signal.
OUTPUT. XTAL32k clock signal output (square wave).

K6

P1 23

TRACE_DATA[3]
RCLP

DIO

DO
DO

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. ETM data signal, bit 3.
OUTPUT. RCLP clock signal output (square wave).

K7

P1 22

TRACE_DATA[1]
RCX

DIO

DO
DO

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. ETM data signal, bit 1.
OUTPUT. RCX clock signal output (square wave).

K8

P1 11

I3C_SDA

DIO

DIO

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. I3C Bidirectional data signal.

K9

P1 12

I3C_SCL

DIO

DO

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. I3C clock signal.
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L7 PO_27 DIO 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.

GPADC3 Al INPUT. Analog input for the general-purpose ADC,
channel 4.

M7 P1 05 DIO 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.

SDADCp/PGAp Al INPUT. Programmable gain amplifier positive input
(SDADC positive input).

M8 P1 06 DIO 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.

SDADCmM/PGAmM Al INPUT. Programmable gain amplifier negative input
(SDADC negative input).

Debug Interfaces

c7 M33_SWDIO DIO I-PU INPUT/OUTPUT. ARM Cortex-M33 SWD data I/O
signal.

D6 M33_SWDCLK DI I-PD INPUT. Arm Cortex-M33 SWD clock signal.

87 CMAC_SWDIO DIO I-PU INPUT/OUTPUT. ARM Cortex-M0+ SWD data I/O
signal.

B6 CMAC_SWDCLK DI I-PD INPUT. ARM Cortex-M0+ SWD clock signal.

DS SNC_SWDIO DIO I-PU INPUT/OUTPUT. ARM Cortex-M0+ SWD data I/O
signal.

D7 SNC_SWDCLK DI I-PD INPUT. ARM Cortex-M0+ SWD clock signal.

K5 TRACE_CLK DO I-PD INPUT/OUTPUT. ETM clock signal.

J8 TRACE_DATAJO0] DO I-PD INPUT/OUTPUT. ETM data signal, bit 0.

K7 TRACE_DATA[1] DO I-PD INPUT/OUTPUT. ETM data signal, bit 1.

J7 TRACE_DATA[2] DO I-PD INPUT/OUTPUT. ETM data signal, bit 2.

K6 TRACE_DATAJ3] DO I-PD INPUT/OUTPUT. ETM data signal, bit 3.

Octa and Quad SPI Interfaces

Al OQSPIF_DO DIO I-PD Ibl\i![FZ)UT/OUTPUT. OQSPIF Bidirectional data signal,

A2 OQSPIF_D1 DIO I-PD Ibl\i![P1UT/OUTPUT. OQSPIF Bidirectional data signal,

A3 OQSPIF_D2 DIO I-PD Ibl\i![PZUT/OUTPUT. OQSPIF Bidirectional data signal,

B3 OQSPIF_D3 DIO I-PD Ibl\i![F;UT/OUTPUT. OQSPIF Bidirectional data signal,

B1 OQSPIF_D4 DIO I-PD LI\;{IZUT/OUTPUT. OQSPIF Bidirectional data signal,
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B2 OQSPIF D5 DIO I-PD Ibl\iltPSUT/OUTPUT. OQSPIF Bidirectional data signal,
Ad OQSPIF_D6 DIO I-PD Ibl\i![F;UT/OUTPUT. OQSPIF Bidirectional data signal,
A5 OQSPIE_D7 DIO I-PD Ibl\i![F;UT/OUTPUT. OQSPIF Bidirectional data signal,
B4 OQSPIF_CLK DO I-PD OUTPUT. OQSPIF clock signal.
A6 OQSPIF_CS DO I-PU OUTPUT. OQSPIF chip select signal (active LOW).
Ja QSPIC_DO DIO I-PD INPUT/OUTPUT. QSPIC Bidirectional data signal, bit 0.
G3 QSPIC_D1 DIO I-PD INPUT/OUTPUT. QSPIC Bidirectional data signal, bit 1.
H5 QSPIC_D2 DIO I-PD INPUT/OUTPUT. QSPIC Bidirectional data signal, bit 2.
G4 QSPIC_D3 DIO I-PD INPUT/OUTPUT. QSPIC Bidirectional data signal, bit 3.
J5 QSPIC_CS DO I-PU OUTPUT. QSPIC chip select signal (active LOW).
H3 QSPIC_CLK DO I-PD OUTPUT. QSPIC clock signal.
J6 QSPIC2_DO DIO I-PD INPUT/OUTPUT. QSPIC2 Bidirectional data signal,
bit 0.
G2 QSPIC2_D1 DIO I-PD INPUT/OUTPUT. QSPIC2 Bidirectional data signal,
bit 1.
H4 QSPIC2_D2 DIO I-PD INPUT/OUTPUT. QSPIC2 Bidirectional data signal,
bit 2.
F3 QSPIC2_D3 DIO I-PD INPUT/OUTPUT. QSPIC2 Bidirectional data signal,
bit 3.
J3 QSPIC2_CS DO I-PU OUTPUT. QSPIC2 chip select signal (active LOW).
F4 QSPIC2_CLK DO I-PD OUTPUT. QSPIC2 clock signal.
Clocks
H12 XTAL32km AO OUTPUT. Analog output of the 32.768 kHz XTAL
oscillator.
H11 XTAL32kp Al INPUT. Analog input of the 32.768 kHz XTAL crystal
oscillator.
DI INPUT. Digital input for an external clock (square wave).
F12 XTAL32Mm AO OUTPUT. Crystal output for the 32 MHz XTAL
oscillator.
F11 XTAL32Mp Al INPUT. Crystal input for the 32 MHz XTAL oscillator.
E12 GND XTAL1 Al INP_UT. Analog input ground of the 32 MHz XTAL
- oscillator.
E11 GND XTAL2 Al INP_UT. Analog input ground of the 32 MHz XTAL
- oscillator.
G12 GND_XTAL3 Al INP_UT. Analog input ground of the 32 MHz XTAL
oscillator.
SPI/SPI2 Bus Interface (mapped on port Px_yy) and SPI3 Bus Interface
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.
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SPI_EN DI INPUT. SPI clock enable (chip select).
SPI2_DI DI INPUT. SPI2 data input. (Note 1)
SPI12_DO DO OUTPUT. SPI2 data output. (Note 2)
SPI2_CLK DIO INPUT/OUTPUT. SPI2 clock.
SPI2_EN DI INPUT. SPI2 clock enable (chip select).
E3 SPI3_DI DI INPUT. SPI3 data input (MISO)
E4 SPI3_DO DO OUTPUT. SPI3 data output (MOSI)
F2 SPI3_CLK DIO INPUT/OUTPUT. SPI3 clock.
SPI3_EN DI INPUT. SPI3 clock enable (chip select).
12C/I3C 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
12C2_SCL DIO/ INPUT/OUTPUT. 12C bus clock with open drain port.
DIOD Supports bit stretching by a slave in open drain mode.
12C2_SDA DIO/ INPUT/OUTPUT. 12C bus data with open drain port.
DIOD
12C3_SCL DIO/ INPUT/OUTPUT. 12C bus clock with open drain port.
DIOD Supports bit stretching by a slave in open drain mode.
12C3_SDA DIO/ INPUT/OUTPUT. 12C bus data with open drain port.
DIOD
K9 1I3C_SCL DO OUTPUT. I3C clock signal.
K8 I3C_SDA DIO INPUT/OUTPUT. I3C Bidirectional data signal.
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.
UART3_RX DI INPUT. UART 3 receive data.
UART3_TX DO OUTPUT. UART 3 transmit data.
UART3_CTS DI INPUT. UART 3 clear to send.
UART3_RTS DO OUTPUT. UART 3 request to send.
1ISO7816 Bus Interface (mapped on port Px_yy)
1ISO7816_CLK DO OUTPUT. Smart card (ISO7816) clock signal.
1SO7816_DATA DIO INPUT/OUTPUT. Smart card (ISO7816) I/O data signal.
1ISO7816_RST DO OUTPUT. Smart card (ISO7816) reset signal.
1ISO7816_ClI DI INPUT. Smart card (ISO7816) inserted signal.
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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.
eMMC Interface
C4 eMMC_CMD DIO INPUT/OUTPUT. Bidirectional Command/Response
signal.
C3 eMMC_CLK DO OUTPUT. eMMC Host to card clock signal.
D5 eMMC_DO DIO INPUT/OUTPUT. eMMC Bidirectional data signal, bit O.
E5 eMMC_D1 DIO INPUT/OUTPUT. eMMC Bidirectional data signal, bit 1.
J4 eMMC_D2 DIO INPUT/OUTPUT. eMMC Bidirectional data signal, bit 2.
C6 eMMC_D3 DIO INPUT/OUTPUT. eMMC Bidirectional data signal, bit 3.
H5 eMMC_D4 DIO INPUT/OUTPUT. eMMC Bidirectional data signal, bit 4.
G4 eMMC_D5 DIO INPUT/OUTPUT. eMMC Bidirectional data signal, bit 5.
B5 eMMC_D6 DIO INPUT/OUTPUT. eMMC Bidirectional data signal, bit 6.
E6 eMMC_D7 DIO INPUT/OUTPUT. eMMC Bidirectional data signal, bit 7.
C5 eMMC_RST DO OUTPUT. eMMC Reset signal.
JDI Parallel Display Interface
E9 JDI_HCK DO OUTPUT. JDI Shift clock signal for the horizontal driver.
B11 JDI_ENB DO OUTPUT. JDI Write enable signal for the pixel memory.
F8 JDI_HST DO OUTPUT. Start signal for the horizontal driver.
Gs JDL_VST DO QUTPUT. JDI Displgy Row pointer reset indication
signal to top of the display.
H2 JDI_XRST DO OUTPUT._DispIay Reset signal for the horizontal and
vertical driver.
E7 JDI_VCK DO OUTPUT. JDI Shift clock for the vertical driver.
F9 JDI_REDO DO OUTPUT. JDI Red image data output, bit O.
H9 JDI_RED1 DO OUTPUT. JDI Red image data output, bit 1.
F7 JDI_GREENO DO OUTPUT. JDI Green image data output, bit O.
K4 JDI_GREEN1 DO OUTPUT. JDI Green image data output, bit 1.
E8 JDI_BLUEO DO OUTPUT. JDI Blue image data output, bit O.
E10 JDI_BLUE1 DO OUTPUT. JDI Blue image data output, bit 1.
D10 JDI_VCOM/FRP DO OUTPUT. JDI Common electrode driving signal
(62.5 Hz).
G9 JDI_XFRP DO OUTPUT. Display Liquid crystal driving signal (62.5 Hz
inverted).
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Quad, Dual and SPI3/4 Display Interface

E9 LCD_SPI_SCLK DO OUTPUT. Display serial clock signal.

B11l LCD_CS DO OUTPUT. Display Chip select.

F8 LCD_SPI_SD/SI DIO INPUT/OUTPUT. Display Bi-Directional Serial data O
(SPI3, SPI4, DualSPI, QuadSPI).

G8 LCD_SPI_SD1/DC DO OUTPUT. Display Serial data 1 (DualSPI, QuadSPI) -
Data/Command select (SP14).

H2 LCD_SPI_SD2 DO OUTPUT. Display Serial data 2 (QuadSPl).

F9 LCD_SPI_SD3 DO OUTPUT. Display Serial data 3 (QuadSPl).

D10 EXTCOMIN DO OUTPUT. Display COM Inversion Signal Input (1 Hz).

G9 LCD_TE DI INPUT. Display Tearing effect signal. Used to
synchronize the CPU to the frame memory writing.

Analog

M9 VAD Al INPpT. Analog Input of the Voice Activity Detection
Engine.

L9 GND_VAD Voice Activity Detection Engine Ground.

D9 GPADC1 Al INPUT. Analog input for the general-purpose ADC,
channel 1.

B12 GPADC2 Al INPUT. Analog input for the general-purpose ADC,
channel 2.

L7 GPADC3 Al INPUT. Analog input for the general-purpose ADC,
channel 3.

H10 GPADC4 Al INPUT. Analog input for the general-purpose ADC,
channel 4.

M7 Al INPUT. Programmable gain amplifier (PGA) positive

PGAp/SDADCPp input (SD-ADC).
M8 Al INPUT. Programmable gain amplifier (PGA) negative
PGAmM/SDADCm input (SD-ADC).

L8 GND_SDADC SD ADC Ground.

L11 NC No Connection.

M11 NC No Connection.

M12 NC No Connection.

L12 NC No Connection.

K12 NC No Connection.

K11 NC No Connection.

L10 NC No Connection. It is recommended to connect it to
GND.

M10 NC No Connection. It is recommended to connect it to
GND.

J11 NC No Connection.

J12 NC No Connection. It is recommended to connect it to
GND.

K10 NC No Connection. It is recommended to connect it to
GND.
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J10 NC No Connection.

Miscellaneous

B10 nRST Al INPUT. Reset signal (active LOW).

L5 LED1 AO OUT_PUT. LED 1 driver output (open drain, 20 mA
maximum).

L6 LED2 AO OUTPUT. LED 2 driver output (open drain, 20 mA
maximum).

L4 LED3 AO OUT_PUT. LED 3 driver output (open drain, 20 mA
maximum).

C11 NTC Sense Al INPUT. Analog input for battery NTC (feedback).

C10 NTC Supply AO OUTPUT. Power supply for battery NTC sensor.

USB Interface

F1 USBp AlO INPUT/OUTPUT. Analog USB Full Speed D+ signal.

G1 USBm AIO INPUT/OUTPUT. Analog USB Full Speed D- signal.

Radio Interface

A10 RFIOP AlO RF input/output. Impedance 50 Q.

A9 RFIOM1 RF Ground

All RFIOM2 RF Ground

A8 PSUB RF Ground.

Al2 PSUBRF RF Ground.

D12 GND_RF1 RF Ground.

C12 GND_RF2 RF Ground.

B9 ESDN RF Ground.

Power Supply

M4 VBAT Al INPUT. Battery supply rail.

M5 VBUS Al INPUT. USB bus voltage.

Al INPUT. Battery charge voltage.

M3 VSYS AO OUTPUT. Variable output voltage power rail. Maximum
current 1000 mA.
10 uF decoupling capacitor required.

M6 V30 AO OUTPUT. 3.0 V power rail. Maximum current 150 mA.
4.7 uF decoupling capacitor required.

C1 V18F AO OUTPUT. 1.8 V power rail. Maximum current 30 mA.
0.1 pF decoupling capacitor required.

J2 V18P AO OUTPUT. 1.8 V power rail. Maximum current 100 mA.
22 uF decoupling capacitor required.

K2 V18 AO OUTPUT. 1.8 V power rail. Maximum current 100 mA.
22 uF decoupling capacitor required.

L2 V14 AO OUTPUT. 1.4 V power rail. Maximum current 20 mA.
10 pF decoupling capacitor required.

A7 V14RF Al INPUT. Radio supply voltage. Connect to V14
externally.
10 uF decoupling capacitor required.
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L3 V12 AO OUTPUT. 1.2 V power rail. Maximum current 150 mA.
10 uF decoupling capacitor required.

M2 LX AIO INPUT/OUTPUT. Connection for the external DCDC
Buck converter inductor.

L1 LY AIO INPUT/OUTPUT. Connection for the external DCDC
Buck converter inductor.

Ji LZ AlO INPUT/OUTPUT. Connection for the external DCDC
Boost converter inductor.

K1 VLED Al INPUT. LEDs supply voltage.
10 pF decoupling capacitor required.

M1 GND_BUCK DCDC Buck Converter Ground.

H1 GND_BOOST DCDC Boost Converter Ground.

H6 AVS1 Analog Ground.

H7 AVS2 Analog Ground.

H8 AVS3 Analog Ground.

c2 VSSIOOQ OQSPI Ground.

G5 VSSD1 Digital Ground.

G6 VSSD2 Digital Ground.

F6 VSSD3 Digital Ground.

F5 VSSD4 Digital Ground.

G7 VSSD5 Digital 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  This pin can only be used as a GPIO in 1.8 V voltage level since it is a QSPI type of pad.
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4  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 =3.6 V, Ta =25 °C. MIN and MAX values are based on characterization results over the
temperature range, unless otherwise specified. 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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4.1 Absolute Maximum Ratings
Table 3: Absolute Maximum Ratings
Parameter | Description Conditions Min Max Unit
Vpin_um_per | Limiting voltage on a pin Except VBUS, VBAT, VSYS and -0.1 3.6 \%
VLED pins
VBAT_LIM Limiting battery supply voltage Pin VBAT 0 6 \%
VBus_LIM Limiting bus supply voltage Pin VBUS 0 6.5 \%
tr_sup Power supply rise time 30 ms
Vein_Lim_svo | Limiting voltage on a pin 3.0V I/O pins 0 3.45 \Y,
Vein_Lim_1vs | Limiting voltage on a pin 1.8 V I/O pins 0 1.98 \Y,
Vesp_Hem BG | Electrostatic discharge voltage 2200 \Y,
A142 (Human Body Model)
Vesp_com_sc | Electrostatic discharge voltage 500 \Y,
A142 (Charged Device Model)
Tstc Storage temperature -50 150 °C
4.2 Recommended Operating Conditions
Table 4: Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
VBus Bus supply voltage Pin VBUS 4.2 5.75 \%
VBAT Battery supply voltage Pin VBAT 2.9 4.75 \%
VBaT_OTP(Prog | Battery supply voltage Voltage range for OTP 2.9 4.75 \%
ram) programming. Required
temperature for programming
is between -20°C and 85°C
VPIN_3vo Voltage on a pin 3.0 VI/O pins 0 3.3 \%
VPIN_1vs Voltage on a pin 1.8 V I/O pins 0 1.8 \%
CL_veaT Effective load capacitance 2.2 10 100 uF
Ci_uss Effective load capacitance 2.2 10 100 uF
CL_vsys Effective load capacitance 10 10 100 uF
CL_viep Effective load capacitance 9 10 11 uF
CL_vao Effective load capacitance 2.2 5 100 uF
CL_vi2 Effective load capacitance 9 10 11 uF
CL_vi4 Effective load capacitance 9 10 11 uF
CL_v14rF Effective load capacitance 9 10 11 uF
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CL_vis Effective load capacitance 18 20 22 uF
CL_visp Effective load capacitance 18 20 22 uF
CL_visF Effective load capacitance CL vigr < 0.1* CL_visp 0.1 0.1 2 uF
ESRcL veus | Equivalent series resistance 0 100 mQ
ESRcL veatr | Equivalent series resistance 0 100 mQ
ESRcL vsys | Equivalent series resistance 0 100 mQ
ESRcL vi2 Equivalent series resistance 0 100 mQ
ESRcL via Equivalent series resistance 0 100 mQ
ESRcL_vis Equivalent series resistance 0 100 mQ
ESRcL visp | Equivalent series resistance 0 100 mQ
L_soost External Inductor 1 uH
ESRL_oost | External Inductor ESR 0.15 Q
ILBoosT_sat | External Inductor Saturation 1 A

Current
Ta Ambient temperature Note 1 -40 85 °C
IL_vso_sooTin | Maximum external DC load Booting/wake-up from 500 MA
G current on V30 rail during hibernation

booting/wake up from

hibernation

Note 1  High power dissipation cases (high charging current, high external load on VSYS) in combination with
small application PCB design (high Rtx) during high Tavs can result in activation of the die-temp
protection circuit with subsequent prolonged charging times. Charger and/or LDO_VSYS wiill
automatically go into duty cycled on/off mode to keep the die temperature within reasonable limits.

4.3 DC Characteristics

Table 5: DC Characteristics

Parameter | Description Conditions Min Typ Max Unit

IBAT_IDLE Battery supply current CPU is idle (Wait for Interrupt 1.55 mA
- WFI); helk = 32 MHz
(RCHS); PLL off; slow PCLK
=2 MHz; fast PCLK = 4
MHz; DC-DC on; FLASH off;
peripherals off; VDD = 0.9 V;

Vear =3V
IsaT_ruUNn_32m | Average active battery CPU is executing code from 2.7 mA
Hz supply current RAM:; hclk = 32 MHz

(RCHS); PLL off; slow PCLK
=2 MHz; fast PCLK =4
MHz; DC-DC on; FLASH off;
Peripherals off; VDD = 0.9 V;
Vear =3 V.
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Parameter | Description Conditions Min Typ Max Unit

Note 1

IeaT_rRUN_96M | Average active battery CPU is executing code from 8.87 mA
Hz supply current RAM; hclk = 96 MHz
(RCHS); PLL off; slow PCLK
= 2 MHz; fast PCLK = 12
MHz; DC-DC on; FLASH off;
Peripherals off, VDD = 1.2 V;
VBAT =3 V.

Note 1

IeaT_rRUN_160 | Average active battery CPU is executing code from 13.77 mA
MHz supply current RAM; hclk = 160 MHz; PLL
on; XTAL32M on; slow PCLK
= 2 MHz; fast PCLK = 20
MHz; DC-DC on; FLASH off;
Peripherals off;, VDD = 1.2 V;
VBAT =3 V.

Note 1

IBAT_HIBERN Battery supply current Hibernation mode; no RAM 0.4 MA
retained; all clocks off;
DCDC off; Vclamp default
values; FLASH off; Veatr = 3
V.

leat_pp_sip | Battery supply current Deep Sleep mode; No RAM 16.9 MA
retained; RCX on; RTC on;
RCLP =32 kHz; DC-DC on;
VDD =0.9V;
LDO_V30_RET on; Default
Bandgap Refresh value; Vear
=3V.

IBAT_vAD Battery supply current Voice Activity Detection 25.9 MA
Sleep mode; 8 kB iCache
and 256 kB (data) RAM
retained; RCX on; RTC on;
RCLP =32 kHz; DC-DC on;
VDD =0.9V;
LDO_V30_RET on; FLASH
in Power Down mode;
Default Bandgap Refresh
value; Vear =3 V.

IsaT_ex_sLp_c | Battery supply current Extended Sleep mode; 8kB 19.7 MA
aches_256K iCache and 256 kB (data)
RAM retained; RCX on; RTC
on; RCLP =32 kHz; DC-DC
on; VDD =09V,
LDO_V30_RET on; FLASH
in Power Down mode;
Default Bandgap Refresh
value; Vear =3 V.

IsaT_ex_sLp_c | Battery supply current Extended Sleep mode; 8kB 225 MA
aches_512K iCache and 512 kB (data)
RAM retained; RCX on; RTC
on; RCLP =32 kHz; DCDC
on; VDD =09V,
LDO_V30_RET on; FLASH
in Power Down mode;
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Parameter

Description

Conditions

Min

Typ

Max

Unit

Default Bandgap Refresh
value; Vear =3 V.

IBAT EX_SLP ¢
aches_1MB

Battery supply current

Extended Sleep mode; 8kB
iCache and 1024 kB (data)
RAM retained; RCX on; RTC
on; RCLP =32 kHz; DCDC
on; VDD =09V,
LDO_V30_RET on; FLASH
in Power Down mode;
Default Bandgap Refresh
value; Vear =3 V.

27.9

MA

IBAT_EX_SLP_c
aches_1.5MB

Battery supply current

Extended Sleep mode; 8kB
iCache and 1536 kB (data)
RAM retained; RCX on; RTC
on; RCLP =32 kHz; DCDC
on; VDD =09V,
LDO_V30_RET on; FLASH
in Power Down mode;
Default Bandgap Refresh
value; Vear =3 V.

33.2

MA

|BAT_SensorNod
e

Average battery supply
current

Sensor Node is running code
from RAM; hclk = 32 MHz
(RCHS); slow PCLK =32
MHz; fast PCLK = 4 MHz;
DC-DC on; CPU off; FLASH
off; Peripherals off; VDD =
0.9V; Vear=3 V.

Note 2

2.05

mA

IBAT_BLE_RX_3
2M

Peak battery supply current

BLE receive mode; fcik = 32
MHz; CPU off; DC-DC on;
FLASH in Power Down
mode; Veat=3 V.

4.6

mA

IBAT BLE TX 3
2M

Peak battery supply current

BLE transmit mode; fcik = 32
MHz; CPU off; DC-DC on;
FLASH in Power Down
mode; Vear = 3 V.

571

mA

Note 1 CPU is running continuously a loop performing read/modify/write on RAM data.

Note 2  Sensor Node is running continuously a loop performing SPI writes of 16 Bytes and SPI reads of 128
Bytes.

4.4 Timing Characteristics

Table 6: Timing Characteristics

Parameter

Description

Conditions

Min

Typ

Max

Unit

tsta_sLow

Wake-up time

Time from wake-up trigger to
application execution start.All
rails restored.
RCLP@512kHz. VDD during
sleep is 0.9 V.

75

us
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=33 + STX_Timeout + 7*Image_Size(kB)/100, where STX_Timeout is the UART timeout time.

4.5

Thermal Characteristics

Table 7: Thermal Characteristics

DA1470x
Multi-Core Wireless SoC Family with PMU and GPU Final
Parameter | Description Conditions Min Typ Max Unit
tsTA_FAST Wake-up time Time from wake-up trigger to 10 15 us
application execution start.
VDD should be 1.2 during
sleep to avoid ramping up
the voltage when waking up.
tsTA_BOOT Power-up time BootROM code execution 9 220 ms
time without authentication
Note 1
tcLF_FLA Cache line fetch time From QSPI FLASH,; line size 43 clock
=8 B; QSPI FLASH clock =
sys_clk (for example,
96 MHz)
Note 1  The boot time with authentication enabled is given by the following equation: TSTA_BOOT_SEC(ms)

Parameter | Description Conditions Min Typ Max Unit
RtH_s-a jrcs | Device thermal resistance VFBGA142 package; JEDEC 25.67 °C/IW
junction to ambient standard PCB; Zero number
of thermal vias
4.6 Reset Characteristics
Table 8: Reset PAD - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
ViH HIGH level input voltage Vi2=09V 0.63 \%
ViL LOW level input voltage Vi2=09V 0.27 \%
Table 9: Reset PAD - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
liL_Pu_RsTN LOW level input current with | Vi=Vss =0V, Vi2=0.9V -50 -22 MA
pull-up
4.7 Brown-Out Detector Characteristics
Table 10: Brown-out Detector - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
VrH_veus_pL | High threshold voltage, low 25 \%
UGIN_HL to high transition
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Parameter | Description Conditions Min Typ Max Unit
VrH_veus_pL | High threshold voltage, low 25 \%
UGIN_LH to high transition
VTH veus_as | Comparator determines if 0.005 0.05 0.085 \%
OVE_VSYS VBUS is above VSYS
VrH_veus_ok | Low threshold voltage, low to 3.98 4.075 4.15 \%
_LH high transition
VTH_veus_ok | Low threshold voltage, high 3.3 3.4 35 \%
_HL to low transition
VTH_veaT ok | Threshold voltage Vbat_ok 2.64 2.7 2.76 \%
_HL comparator
VTH_veaT ok | Threshold voltage Vbat_ok 2.64 2.7 2.76 \%
_LH comparator
VTH_vsys_mo | Threshold voltage Vsys_ok 4.15 4.25 4.35 \Y,
DE_0_HL comparator
VTH_vsys_mo | Threshold voltage Vsys_ok 4.15 4.25 4.35 \Y,
DE_O_LH comparator
VTH_vsys_mo | Threshold voltage Vsys_ok 4.4 4.5 4.6 \Y,
DE_1_HL comparator
VTH_vsys_mo | Threshold voltage Vsys_ok 4.4 4.5 4.6 \Y,
DE_1_LH comparator
VtH_vsys_mo | Threshold voltage Vsys_ok 4.65 4.75 4.85 \%
DE_2_HL comparator
VTH_vsys mo | Threshold voltage Vsys_ok 4.65 4.75 4.85 \%
DE_2_LH comparator
VTH_vsys ok | Threshold voltage Vsys_ok 2.4 2.45 25 \%
_HL comparator
VTH_vsys ok | Threshold voltage Vsys_ok 2.4 2.45 25 \%
_LH comparator
VrsT_voD_sle | Reset voltage V12 _LEVEL=0 0.62 0.67 0.715 \%
ep_HL
VrsT_voD_sle | Reset voltage V12 _LEVEL=0 0.64 0.67 0.715 \%
ep_LH
VRrsT_vbD_ove | Reset voltage V12_LEVEL=1 0.72 0.75 0.78 \%
_HL
VRrsT_vbD_ove | Reset voltage V12_LEVEL=1 0.72 0.75 0.78 \%
“LH
VrsT_vbp_1v2 | Reset voltage V12_LEVEL =2 1.02 1.05 1.08 \%
_HL
VrsT_vbp_1v2 | Reset voltage V12_LEVEL =2 1.02 1.05 1.08 \%
“LH
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Parameter | Description Conditions Min Typ Max Unit
VRrsT v14 0 H | Reset voltage V14 LEVEL=0 1.01 1.05 1.09 \
L
VrsT v14 0 L | Reset voltage V14 LEVEL=0 1.01 1.05 1.09 \
H
VrsT vi4_1 H | Reset voltage V14 _LEVEL=1 1.11 1.15 1.19 \Y,
L
VrsT v14_1 L | Reset voltage V14 _LEVEL=1 1.11 1.15 1.19 \Y,
H
VrsT vi4 2 H | Reset voltage V14 LEVEL =2 1.21 1.25 1.29 \
L
VrsT vi4 2 L | Reset voltage V14 LEVEL =2 1.21 1.25 1.29 \Y
H
VrsT vi4 3 H | Reset voltage V14 LEVEL =3 1.305 1.35 1.395 \%
L
VrsT vi4 3 L | Reset voltage V14 LEVEL=3 1.305 1.35 1.395 \Y
"
VrsT_visp_HL | Reset voltage 1.61 1.65 1.69 \Y
VrsT_visp_LH | Reset voltage 1.61 1.65 1.69 \Y
VrsT_visr HL | Reset voltage 1.61 1.65 1.69 \Y
VrsT_visF_LH | Reset voltage 1.61 1.65 1.69 \Y
VrsT vis 0 H | Reset voltage V18 LEVEL =0 1.01 1.05 1.09 \Y,
L
VrsT vis o L | Reset voltage V18 LEVEL =0 1.01 1.05 1.09 \Y,
H
VrsT_vis_1_H | Reset voltage V18 LEVEL=1 1.6 1.65 1.7 \Y
L
VrsT_vis_1_L | Reset voltage V18 LEVEL=1 1.6 1.65 1.7 \Y
H

4.8 General Purpose ADC Characteristics

Table 11: GP-ADC - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
Differential
INLoir Integral non-linearity Differential -2 2 LSB

Note 1

DNLpir Differential non-linearity Differential -2 2 LSB
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Table 12: GP-ADC - AC Characteristics

DA1470x
Multi-Core Wireless SoC Family with PMU and GPU Final
Parameter | Description Conditions Min Typ Max Unit
Ec_piF Gain error Differential, no chopping, -1 4 %
trimmed bandgap
Eors_piF Offset error Differential, no chopping, -30 30 LSB
trimmed bandgap
Ec_piF_cor | Gain error after correction Differential, chopping, -1 1.3 %
trimmed bandgap, and
software correction applied
Eors piF_cor | Offset error after correction Differential, chopping, -4 4 LSB
trimmed bandgap, and
software correction applied
Ec piF attn | WC gain error of the Attenuator in combination 0.83 %
attenuator with the GPIO only, excludes
errors from the ADC
Single-Ended
INLse Integral non-linearity Single-Ended -2 2 LSB
Note 1
DNLse Differential non-linearity Single-Ended -2 2 LSB
Ec_se Gain error Single-Ended, no chopping, -2 3 %
trimmed bandgap
Eors_se Offset error Single-Ended, no chopping, -35 25 LSB
trimmed bandgap
Ec_se_cor Gain error after correction Single-Ended, chopping, -1 1 %
trimmed bandgap, and
software correction applied
Eors_se_cor | Offset error after correction Single-Ended, chopping, -4 7 LSB
trimmed bandgap, and
software correction applied
Ec_se_attn | WC gain error of the Attenuator in combination 0.83 %
attenuator with the GPIO only, excludes
errors from the ADC
Note 1 INL is the deviation of a code from a straight line passing through the actual endpoints of the transfer

Parameter | Description Conditions Min Typ Max Unit
Differential
ENOBpir_av | Effective number of bits Differential, no averaging, no 9 bits
G1 chopping, Vinpe = 1680 mV
ENOBpir_av | Effective number of bits Differential, 128x averaging, 11 bits
G128 chopping, Vinpe = 1680 mV
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Parameter | Description Conditions Min Typ Max Unit
Single-Ended
ENOBse_av | Effective number of bits Single-Ended, no averaging, 9 bits
Gl no chopping, Vinpp = 840 mV
ENOBse_av | Effective number of bits Single-Ended, 128x 11 bits
G128 averaging, chopping, Vin,pp =
840 mV
Table 13: GP-ADC - Electrical performance
Parameter | Description Conditions Min Typ Max Unit
Overview
NBiT_apc Number of bits (resolution) 10 bit
4.9 Application ADC Characteristics
Table 14: Application ADC - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
fs Output sample rate OSR = 125x (fixed) 16 kHz
VIN_Fs_DIF Differential full-scale input ACL is Closed Loop Gain 2*VRE \%
voltage (peak-to-peak) F/ACL
VIN_Fs_se Single-Ended full-scale input | ACL is Closed Loop Gain VREF/ \%
voltage (peak-to-peak) ACL
VIN_cm Common mode input voltage | Internally generated 600 mV
Table 15: Application ADC - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
Isup_vBAT Supply current T =25 °C, DCDC enabled, 300 MA
VBAT =30V
VReF Reference voltage 1.2 \%
Table 16: Application ADC - AC Characteristics
Parameter | Description Conditions Min Typ Max Unit
PSRR pir Power supply rejection ratio | V30, Ac. =0 dB, 20 Hz <= 60 dB
fdist <= 8 kHz
PSRR_se Power supply rejection ratio | V30, AcL. =0 dB, 20 Hz <= 60 dB
fdist <= 8 kHz
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Parameter | Description Conditions Min Typ Max Unit
Z Input impedance Differential mode, AcL = 0 dB 10 kQ
to +30 dB
Table 17: Application ADC - External Electrical Conditions
Parameter | Description Conditions Min Typ Max Unit
Neir Number of bits output word 16 bits
Table 18: Application ADC - Electrical Performance
Parameter | Description Conditions Min Typ Max Unit
Abroop Passband droop AcL = 0dB, 20 Hz <= freq <= 0.38 0.4 dB
7 kHz (decimation filter feutort
is at 7 kHz)
AcL_min Closed loop gain PGA_GAIN = 0x0 (-12 dB) -12 dB
fsignal =1kHz
AcL_max Closed loop gain PGA_GAIN = 0x7 (+30 dB) 30 dB
fsignal =1kHz
Astp Gain step fsignal = 1 kHz 5.8 6 6.2 dB
SINAD pir Signal-to-noise and distortion | fsigna = 1 kHz, AcL = 0 dB, Vin 69 dB
ratio in Differential mode =-1dBFS
SINAD se Signal-to-noise and distortion | fsigna = 1 kHz, AcL = 0 dB, Vin 66 dB
ratio in Single-Ended mode =-1dBFS
SNR piF Signal to noise ratio in fsigna = 1 kHz, AcL = 0 dB, VIn 70 dB
Differential mode =-1dBFS
SNR se Signal to noise ratio in fsigna = 1 kHz, AcL = 0 dB, VIn 66 dB
Single-Ended mode =-1dBFS
THD pir Total harmonic distortion in fsigna = 1 kHz, AcL = 0 dB, VIn -73 dB
Differential mode =-1dBFS
THD se Total harmonic distortion in fsignal = 1 kHz, AcL = 0 dB, VIn -72 dB
Single-Ended mode =-1dBFS
SFDR_pir Spurious-free dynamic range | fsigna = 1 kHz, AcL = 0 dB, Vin 70 dBFS
in Differential mode =-1dBFS
SFDR_se Spurious-free dynamic range | fsignat = 1 kHz, AcL = 0 dB, VIn 70 dBFS
in Single-Ended mode =-1dBFS
VIN_oFs Input offset voltage fsignat = 1 kHz, AcL = 0 dB, Vin -4 0 4 mV
=-1dBFS
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4.10 DC-DC Converter Characteristics

Table 19: DCDC - Recommended Operating Conditions

Final

Parameter | Description Conditions Min Typ Max Unit
Vin Input Voltage 2.5 4.8 \%
IL_1v2 0 Load Current VDD_LEVEL =0 75 mA
IL_1v2 1 Load Current VDD_LEVEL =1 100 mA
IL_avz 2 Load Current VDD_LEVEL =2 100 mA
IL_1va Load Current 20 mA
IL_avs Load Current 100 mA
IL_avsp Load Current 100 mA
Table 20: DCDC - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
lo Quiescent Current No load, room temperature 1 MA
Vo_1v2_0 VDD1V2 Output Voltage VDD_LEVEL =0 0.7 0.75 0.8 \%
Vo_1v2_1 VDD1V2 Output Voltage VDD_LEVEL =1 0.85 0.9 1 \%
Vo_1v2_2 VDD1V2 Output Voltage VDD_LEVEL =2 1.15 1.2 1.25 \%
Vo_1va_o VDD1V4 Output Voltage V14 LEVEL=0 1.15 1.2 1.25 \%
Vo_1va_1 VDD1V4 Output Voltage V14 LEVEL=1 1.25 1.3 1.35 \%
Vo_1va_2 VDD1V4 Output Voltage V14 LEVEL =2 1.35 1.4 1.45 \%
Vo_1va_3 VDD1V4 Output Voltage V14 LEVEL=3 1.45 1.5 1.55 \%
Vo_1vs_o VDD1V8 Output Voltage V18 LEVEL=0 1.15 1.2 1.25 v
Vo_1vs_1 VDD1V8 Output Voltage V18 LEVEL=1 1.75 1.8 1.85 \%
Vo_1vep VDD1V8P Output Voltage 1.75 1.8 1.85 \%
NCoNv_TYpP Conversion Efficiency Typical use case 77 %
Table 21: DCDC - AC Characteristics
Parameter | Description Conditions Min Typ Max Unit
VRPL_1v2 VDD1V2 Ripple Voltage 0 100 mV
VRPL_1v4 VDD1V4 Ripple Voltage 0 20 mV
VRPL_1v8 VDD1V8 Ripple Voltage 0 50 mV
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Parameter | Description Conditions Min Typ Max Unit
VRpL_1vepP VDD1V8P Ripple Voltage 0 50 mV
AVolVo nee | Output Voltage Undershoot V18 LEVEL =0 -2.2 0 %
-1v8 0 Load step on V18 only
AVolVo_ros | Output Voltage Overshoot V18_LEVEL =0 0 2.2 %
-1ve 0 Load step on V18 only
AVolVo nee | Output Voltage Undershoot V18 LEVEL =1 -1.4 0 %
-1ve 1 Load step on V18 only
AVolVo_ros | Output Voltage Overshoot V18 LEVEL =1 0 1.4 %
-1ve1 Load step on V18 only
AVol/Vo_nec | Output Voltage Undershoot Load step on V18P only -14 0 %
_1vepP
AVolVo_ros | Output Voltage Overshoot Load step on V18P only 0 14 %
_1vepP
4.11 Boost DC-DC Converter Characteristics
Table 22: Boost DCDC - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
ViN Input (supply) voltage of the 25 4.8 \Y,
boost converter
I Load Current 0 150 mA
IL_sLeep Load current Sleep mode (duty cycled 300 MA
operation)
Cour External capacitor on VLED | Effective Capacitance at5 V 9 10 11 uF
ESRcap External Capacitor ESR 0.1 Q
L External Inductor 1 uH
ESRL External Inductor ESR 0.15 Q
IL_saT External Inductor Saturation 1 A
Current
Table 23: Boost DCDC - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
lg_sLp Quiescent current @ 25 °C ViNn = 3.4V, no-load, booster- 10 MA
only, duty-cycled operation
Temp=25°C
lo Quiescent current ViNn = 3.4V, no-load 100 120 MA
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Parameter | Description Conditions Min Typ Max Unit
VRpL_PP Ripple voltage Vin=3.4V, ESR_COUT = 75 mV
20 mQ, ILOAD = 150 mA
VreL_pp_sLp | Ripple voltage Vin=3.4V, ESR_COUT = 150 mV
20 mQ, ILOAD = 300 pA
Nconv Conversion efficiency ViN=3.4V, loap = 20 - 150 70 %
mA, Normal Mode
4.12 Clamps Characteristics
Table 24: Clamp V30 - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
Vo Output voltage of clamp 1.8 3.6 \%
lo_max Maximum output current 500 MA
Table 25: Clamp VDD - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
Vo_ciamp_vp | Output voltage of clamp 0.7 0.85 \%
DD
4.13 Vsys Generator Characteristics
Table 26: Vsys Generator - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
CL Effective load capacitance of 10 100 uF
Vsys rail
ESR Equivalent series resistance 1 100 mQ
I Output load current of 0 1 A
LDO_VSYS
Table 27: Vsys Generator - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
Vibo LDO output voltage (default | lload on VSYS =1 mA 4.6 4.8 5 \%
setting)
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Table 28: Vsys Generator - Electrical Performance
Parameter | Description Conditions Min Typ Max Unit
ILIM_acc_abs Current limit accuracy (abs.) | For settings < 100 mA -20 20 mA
ILIM_acc_rel Current limit accuracy (rel.) For settings > 100 mA -20 20 %
ILim Range of configurable 0.01 1 A
current limit of LDO output
Programmable in steps of 10
mA (nom)
Ron On resistance when LDO is 150 mV < (VBUS-VSYS) < 0 0.5 Q
in triode mode Ron x lload_vsys.
lload < Icurlim setting
Table 29: VBAT Switch - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
lo Quiescent current System in sleep or 50 nA
Hibernation mode; Tj = 25 °C
Ron On resistance of switch VSYS supplied from VBAT,; 0 0.3 Q
lload=1A
4.14 LDOs Characteristics
Table 30: LDO V30 - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
IL_Lbo_v30 Load current 150 mA
Table 31: LDO V30 - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
Vibo_vao_o Output voltage in setting "0" | Vbat=4.2V 2.8 3 3.15 \%
V30 = Unloaded
VLpo_v30_1 Output voltage in setting "2" | Vbat=4.2V 3.05 3.3 3.47 \%
or"3" V30 = Unloaded
REGLoaD Load regulation 10 mA < lload < 150 mA -0.03 0.03 | %/mA
(((AVo/Vo)*100%)/AlL)
REGLINE Line regulation Vi>= (Vo + 200 mV) -0.5 0.5 %/
(((AVo/Vo)*100%)/AV)
ILk_LDO_v30 Clamping load current Output pulled down by 15 % 150 220 420 mA
or more; VBAT =4.2V
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Parameter | Description Conditions Min Typ Max Unit
lQ_Lpo_vao Quiescent current No Load 65 MA
Vbrop_vao_m | Maximum dropout voltage IL =150 mA 0 400 mV
AX
Table 32: LDO V30 RET - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
Vipo_v3o_reT | Output voltage in setting "0" | Vin = 4.2 V; Vout = Unloaded 2.8 3 3.2 \%
0
Vipo_v3o reT | Output voltage in setting "2" | Vin = 4.2 V; Vout = Unloaded 3.1 3.3 3.56 \%
1 or"3"
lo_Lbo vao R | Quiescent current Unloaded 80 nA
ET
REGLoaD Load regulation 1 mA < lload < 10 mA -0.07 0.07 | %/mA
(((AVo/Vo)*100%)/AlL)
REGLINE Line regulation Vin-Vout > 450 mV -0.5 0.5 %IV
(((AVo/Vo)*100%)/AVI lload = (I_int+3 mA)
VbRror Maximum dropout voltage lload = 10 mA 450 mV
Table 33: LDO V30 RET - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
IL_Lbo_v3o_Rre | Load current 10 mA
T
4.15 Power On Reset Vsys Characteristics
Table 34: POR VSYS - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
ViH VSYS voltage when not in 2.48 \Y,
reset
Vi VSYS voltage when not in 2.3 \%
reset
Table 35: POR VSYS - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
VTH_HI High threshold voltage Max load on Vsys during 2.3 2.47 2.6 \%
coldboot < 0.6 A
VTH_Lo Low threshold voltage 2.3 2.43 2.56 \%
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4.16 Power On Reset V30 Characteristics
Table 36: POR V30 - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
ViH V30 voltage level when no 1.75 \%
reset
Vi V30 voltage level when in 1.6 \%
reset
Table 37: POR V30 - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
VTH_HI High threshold voltage 1.63 1.74 1.83 \Y,
VTH_Lo Low threshold voltage 1.6 1.7 1.8 \Y,
4.17 32 kHz Crystal Oscillator Characteristics
Table 38: XTAL32k - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
feLk_ext External clock frequency At pin 32KXTAL1/P0O_3 in 10 100 kHz
GPIO mode
fxTaL Crystal oscillator frequency 30 32.768 35 kHz
ESR Equivalent series resistance 100 kQ
CL Load capacitance No external capacitors are 6 7 9 pF
required for a 6 pF or 7 pF
crystal
Co Shunt capacitance 1 2 pF
AfxraL Crystal frequency tolerance | Timing accuracy is -250 250 ppm
(including aging) dominated by crystal
accuracy. A much smaller
value is preferred
Pbrv_max Maximum drive power Note 1 0.1 uw
Note 1  Select a crystal that can handle a drive level of at least this specification.
Table 39: XTAL32k - Timing Characteristics
Parameter | Description Conditions Min Typ Max Unit
tsTA_XTAL Crystal oscillator startup time | Time until 2000 clocks are 30 100 300 ms
detected
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4.18 32 MHz Crystal Oscillator Characteristics

Table 40: XTAL32M - Recommended Operating Conditions

Parameter | Description Conditions Min Typ Max Unit
fxraL Crystal oscillator frequency 32 MHz
ESR Equivalent series resistance 100 Q
CL Load capacitance No external capacitors are 5 6 8 pF
required
Co Shunt capacitance 7 pF
AfxtalUNT | Crystal frequency tolerance Untrimmed; including aging -40 40 ppm
and temperature drift. CL =6
pF
Note 1
AfxraL Crystal frequency tolerance | After optional trimming; -15 15 ppm

including aging and
temperature drift

Note 2
Pprv(max) Maximum drive power Note 3 100 W
VCLKEXT) External clock voltage In case of external clock 1.2 \%

source on XTAL16Mp
(XTAL16Mm floating or
connected to mid-level 0.6 V)

ON(EXTER | Phase noise fc = 50 kHz; in case of -130 | dBc/H
NAL) external clock source z

Note 1 Maximum allowed frequency tolerance for compensation by the internal varicap trimming mechanism.
Note 2  Using the internal varicaps a wide range of crystals can be trimmed to the required tolerance.
Note 3  Select a crystal which can handle a drive level of at least this specification.

Table 41: XTAL32M - Timing Characteristics

Parameter | Description Conditions Min Typ Max Unit
tstaxxtan)(fas | Crystal oscillator startup time | XTAL32M_TRIM_REG.XTAL 140 V&
t) (fast mode) 32M_BOOST_TRIM =9 (Co
=1pF)
tstaxxtan(no | Crystal oscillator startup time | XTAL32M_TRIM_REG.XTAL 350 us
rmal) (normal mode) 32M_BOOST_TRIM =0 (Co
=1pF)
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4.19 RCX Oscillator Characteristics
Table 42: RCX - Timing Characteristics
Parameter | Description Conditions Min Typ Max Unit
Afrc/AT 1 Temperature range from O -150 150 ppm/d
°C to 60 °C, RCX_BIAS at eg
preferred value
Afrc/AT 2 Temperature range from -40 -200 200 ppm/d
°C to 105 °C, RCX_BIAS at eg
preferred value
Afrc/AV _vzo | Only relevant if Vsys < 3V 200 ppm/V
Afrc/AV _vbb 250 ppm/V
frex_RANGE RC oscillator frequency 13 15 300 kHz
range
frex_TRIM RC oscillator frequency At target fixed trim setting 13 15 17 kHz
ODCrcx Output duty cycle 45 50 55 %
tar Jitter 500 ns
tstA_RC RC oscillator startup time 5 ms
4.20 RCHS 64/96 MHz RC Oscillator Characteristics
Table 43: RCHS - Timing Characteristics
Parameter | Description Conditions Min Typ Max Unit
frceam_TRIMM | RC64 oscillator frequency After calibration at target 63.04 64 64.96 MHz
ED frequency (for calibration see
the respective section)
freoem_trRIMM | RC96 oscillator frequency After calibration at target 94.56 96 97.44 MHz
ED frequency (for calibration see
the respective section)
Table 44: RCHS - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
VDD_ACTIVE Digital supply voltage 0.85 1.25 \%
Vobp_sLEEP Digital supply voltage in 0.7 0.95 \%
sleep mode
Vsup Supply voltage 2 3.45 \%
Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 78 of 1019

© 2022 Renesas Electronics




LENESAS

DA1470x
Multi-Core Wireless SoC Family with PMU and GPU Final
4.21 RCLP 32/512 kHz RC Oscillator Characteristics
Table 45: RCLP - Timing Characteristics
Parameter | Description Conditions Min Typ Max Unit
freLp_1 RC oscillator frequency At target fixed trim setting 24 32 50 kHz
freLp_2 RC oscillator frequency At target fixed trim setting 384 512 800 kHz
4.22 PLL 160 MHz Characteristics
Table 46: PLL 160 MHz - AC Characteristics
Parameter | Description Conditions Min Typ Max Unit
feLL Output frequency When in lock 158 160 162 MHz
Table 47: PLL 160 MHz - Timing Characteristics
Parameter | Description Conditions Min Typ Max Unit
tLock Frequency settling time 200 ppm accuracy 30 100 us
4.23 PLL 48 MHz Characteristics
Table 48: PLL 48 MHz - AC Characteristics
Parameter | Description Conditions Min Typ Max Unit
frLL Output frequency When in lock 47 48 49 MHz
Table 49: PLL 48 MHz - Timing Characteristics
Parameter | Description Conditions Min Typ Max Unit
tLock Frequency settling time 200 ppm accuracy 30 100 us
4.24 Charger Characteristics
Table 50: Charger - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
VbRror Dropout voltage Max. charge current 500 mV
(VBUS - VBAT)
IcHarGE_RAN | Range of typical Charger in CC-mode 5 720 mA
GE programmable charge
currents
5 - 80 mA: stepsize 5 mA
90 - 240 mA: stepsize 10 mA
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Parameter

Description

Conditions

Min

Typ Max

Unit

270 - 720 mA: Stepsze 30
mA

IPRECHARGE R
ANGE

Precharge range is normal
range / 10

Range of typical
programmable charge
currents

0.5 - 8 mA: stepsize 0.5 mA
9 - 24 mA: stepsize 1 mA
27 - 72 mA: Stepsze 3 mA

Vbat < precharge level

0.5

72

mA

ICHARGE _accur
acy_reduced_ran
ge

Charge current accuracy of
current from 80 mA to 360
mA with > 500 mV voltage
headroom for Tdie from 0 °C
to 95 °C

Charger in CC-mode

%

|CHARGE7accur
acy

Charge current accuracy of
all typical values

Charger in CC-mode: 0 °C <
Tdie <95 °C

-10

10

%

IPRECHARGE _a

ccuracy

Charge current accuracy in
precharge mode

Vbat < precharge level;
Iprecharge >5 mA; 0 °C <
Tdie <95 °C

-15

15

%

IPRECHARGE _a
ccuracy_low

Charge current accuracy in
precharge mode for low
current settings

Vbat < precharge level,
Iprecharge <5 mA; 0 °C <
Tdie <95 °C

-15

22

%

leOCratio RANG
E

Ratio [%] between EOC
current and normal charge
current.

6 - 20 %: stepsize 2 % (low
range with
CHARGER_CURRENTS_PA
RAMETER_REG.I_EOC_DO
UBLE_RANGE = 0)

12 - 40 %: stepsize 4 % (high
range with
CHARGER_CURRENTS_PA
RAMETER_REG.|_EOC_DO
UBLE_RANGE = 1)

For normal Charge current
range (no pre-charge)

40

%

leoCratio RANG
E1_accuracy

Absolute accuracy of ratio
between EOC current and
normal charge current in
Rangel (Setting0to 7=61to
20 %)

Bit
"CHARGER_CURRENTS_P
ARAMETER_REG.|_EOC_D
OUBLE_RANGE"=0x0

For normal Charge current
range (no pre-charge) 0 °C <
Tdie <95 °C

%

lEOCratio_RANG
E2_accuracy

Absolute accuracy of ratio
between EOC current and
normal charge current in
Range2 (settingOto 7 =12 -
20 %)

Bit
"CHARGER_CURRENTS_P

For normal Charge current
range (no pre-charge) 0 °C <
Tdie <95 °C

%
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Parameter | Description Conditions Min Typ Max Unit
ARAMETER_REG.|_EOC_D
OUBLE_RANGE"=0x1
Vcharce 43 | Charge voltage setting for Forced charge current = 1 4.226 4.26 4.294 \%
trimming mA Temp =25 °C
Vcharce_acc | Charge voltage accuracy [%] | Forced charge current = 1 -15 15 %
URACY mA
Vcharce_ran | Range of typical Forced charge current = 1 2.8 4.8 \%
GE programmable charge mA
voltages
2.8 - 3.8 V: stepsize 50 mV
3.8 - 4.6 V: stepsize 20 mV
4.6 - 4.8 V: stepsize 100 mV
VrepLenisH r | Replenish voltage (where Range is equal to whole 2.8 4.8 \%
ange charging starts again) "Vcharge" range
VRrepLENISH_A | Accuracy of programmable -3 3 %
cc replenish voltages
VprrecHarGe_ | Precharge voltage threshold | Range is equal to whole 2.8 4.8 \%
range "Vcharge" range
Vpre_cHe_ac | Accuracy of programmable 0°C<Tdie<95°C -3 3 %
c precharge voltages
Vovp_rance | Overvoltage Protection level | Range is equal to whole 2.8 4.9 \%
2.8 - 3.8 V: stepsize 50 mV "Vcharge" range, added with
3.82 - 4.6 V: stepsize 20 mV 49V
4.7 - 4.9 V: stepsize 100 mV
Vovp_acc Accuracy of programmable 0°C<Tdie<95°C -2 2 %
OVP voltages
TeaT nroftemp | TEMpeErature zones HOT, WARMER, WARM, 7 °C
zones according to enhanced NORMAL, COOL, COOLER,
JEITA standard COLD
TBAT_nrof Nr. of battery temperature Measured with external NTC 64 °C
temperature protection settings per zone
settings
TeaT accuracy | Battery temperature External NTC has 1 % -2 2 °C
protection accuracy accuracy
"B" = 3380 (describes non
linearity of NTC)
NTCratio_o Voltage ratio between NTC- | Tab setting = 0; THOT comp. | 73.4 74.4 75.4 %
tap and ladder-top fromOto 1l
Sens = 0.9 %/°C
NTCraio_10 | Voltage ratio between NTC- | Tab setting = 10; THOT 63.7 64.7 65.7 %
tap and ladder-top comp. fromOto 1
Sens =0.95 %/°C
NTCratio_20 Voltage ratio between NTC- | Tab setting = 20; THOT 53.4 54.4 55.4 %
tap and ladder-top comp. fromOto 1
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Parameter | Description Conditions Min Typ Max Unit
Sens = 1.0 %/°C
NTCratio_4s | Voltage ratio between NTC- | Tab setting = 45; THOT 30.3 31.3 32.3 %
tap and ladder-top comp. fromOto 1
Sens = 0.8 %/°C
NTCratio ss | Voltage ratio between NTC- | Tab setting = 55; THOT 23.5 24.5 25.5 %
tap and ladder-top comp. fromOto 1
Sens = 0.6 %/°C
NTCratio_63 | Voltage ratio between NTC- | Tab setting = 63; THOT 19 20 21 %
tap and ladder-top comp. fromOto 1
Sens = 0.45 %/°C
Toetemp_pr | Programmable range of the All charge modes 80 130 °C
OT_RANGE die-temperature protection.
Stepsize: 10 °C
Toietemp_pr | Accuracy of the die- All charge modes -13 13 °C
OT_accuracy temperature protection
4.25 Battery Check Characteristics
Table 51: Battery Check - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
lacc_satcrec | Current accurac. For load Battery Check, Load current -5 5 %
K current = 1 mA, spec is (BATCHECK_ILOAD + 1)mA
reduced to +/- 7.5 %
4.26 Digital I/O Characteristics
Table 52: PAD I/O LowDrive - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
ViH HIGH level input voltage Vige = 1.8 V 1.26 \%
Vi LOW level input voltage Vige = 1.8 V 0.54 \%
Table 53: PAD I/O LowDrive - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
liH HIGH level input current Vi=V3z=3.0V -0.3 0.3 A
I LOW level input current Vi=Vss =0V -0.3 0.3 A
liH_PD HIGH level input current Vi=V3z=3.0V 60 180 A
liL_pu_3vo LOW level input current Vi=Vss =0V, Vz=3.0V -180 -60 MA
liL_pu_1vs LOW level input current Vi=Vss= 0V, Vigp = 1.8V -110 -35 MA
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Parameter | Description Conditions Min Typ Max Unit
Von_1vs Low | HIGH level output voltage, lo=150 UA, Vigp = 1.8 V, low | 1.44 \%
DRV limited drive drive enabled
VoL 1vs Low | LOW level output voltage, lo =150 uA, Visp = 1.8V, low 0.36 \%
DRV limited drive drive enabled
VoH_1vs HIGH level output voltage lo=4.8mA, Viep =18V 1.44 \%
VoL_1vs LOW level output voltage lo=4.8mA, Viep =18V 0.36 \%
VoH_3vo HIGH level output voltage lo=4.8mA, V3o =2.0V 1.6 \%
VoL _3vo LOW level output voltage lo=4.8mA, V=20V 0.4 \%
SRR Rising slew rate CL=15pF; IL=4.8 mA 0.4 3.2 Vins
SRr Falling slew rate CL=15pF; IL=4.8 mA 0.4 3.3 Vins
Cin Input capacitance 0.75 pF

Table 54: PAD I/O Wake-up - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
ViH HIGH level input voltage Vi2=09V 0.63 \Y,
Vi LOW level input voltage Vi2=09V 0.27 \Y,

Table 55: PAD 1/0O Wake-up - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
lH HIGH level input current Vi=V3=3.0V -0.3 0.3 MA
I LOW level input current Vi=Vss =0V -0.3 0.3 MA
liH_PD HIGH level input current VI=V3 =3.0V 60 180 MA
liL_pu_svo LOW level input current Vi=Vss =0V, Vz=3.0V -180 -60 MA
liL_pu_1vs LOW level input current Vi=Vss= 0V, Vigp = 1.8V -110 -35 MA
Von_1vs_Low | HIGH level output voltage, lo=150UA, Vier = 1.8V, low | 1.44 \Y
DRV limited drive drive enabled
VoL_1vs Low | LOW level output voltage, lo =150 uA, Vier = 1.8 V, low 0.36 \Y
DRV limited drive drive enabled
VoH_1vs HIGH level output voltage lo=4.8mA, Visp =18V 1.44 \%
VoL _1vs LOW level output voltage lo=4.8mA, Visp =18V 0.36 \%
VoH_3avo HIGH level output voltage lo=4.8mA, V=20V 1.6 \%
VoL_3vo LOW level output voltage lo=4.8mA, V=20V 0.4 \%
SRR Rising slew rate CL=15pF; IL=4.8 mA 0.4 3.2 Vins
SRF Falling slew rate CL=15pF; IL=4.8 mA 0.4 3.3 Vins

Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00

83 of 1019

© 2022 Renesas Electronics




RENESAS

DA1470x
Multi-Core Wireless SoC Family with PMU and GPU Final
Parameter | Description Conditions Min Typ Max Unit
CiN Input capacitance 0.75 pF
Table 56: PAD 1/O Display SPI - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
ViH HIGH level input voltage Vigp = 1.8 V 1.26 \%
Vi LOW level input voltage Vigp = 1.8 V 0.54 \%
Table 57: PAD I/O Display SPI - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
lH HIGH level input current Vi=V3o=3.0V -0.3 0.3 MA
I LOW level input current Vi=Vss =0V -0.3 0.3 MA
liH_PD HIGH level input current Vi=V3o=3.0V 60 180 MA
li_Pu_svo LOW level input current Vi=Vss =0V, Vz=3.0V -180 -60 pA
liL_Pu_1vs LOW level input current Vi=Vss =0V, Vigp = 1.8V -110 -35 MA
Von_1vs Low | HIGH level output voltage, lo=150 UA, Visp =1.8 V, low | 1.44 \%
DRV limited drive drive enabled
VoL 1vs Low | LOW level output voltage, lo =150 uA, Vier = 1.8 V, low 0.36 \Y
DRV limited drive drive enabled
VoH_1vs HIGH level output voltage lo=4.8 mA, Vigp= 1.8V 1.44 \%
VoL _1vs LOW level output voltage lo=4.8mA,Vigp =18V 0.36 \%
VoH_3vo HIGH level output voltage lo=4.8mA, V=20V 1.6 \Y
VoL_3vo LOW level output voltage lo=48mA, V=20V 0.4 \%
SRR Rising slew rate CL=20pF; IL=4.8 mA 0.5 2.4 V/ns
SRe Falling slew rate CL=20pF; IL=4.8 mA 0.5 2.3 V/ns
CiN Input capacitance 0.75 pF
4.27 Quad SPI I/O Characteristics
Table 58: PAD OQSPIF - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
ViH HIGH level input voltage Vigr = 1.8V 1.26 Vv
Vi LOW level input voltage Vigr = 1.8V 0.54 \%
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Table 59: PAD OQSPIF - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
VoH_ama HIGH level output voltage lo=4mA, Visr =1.8V 1.44 \%
VoH_smA HIGH level output voltage lo=8mA, Visr =1.8V 1.44 \%
VoH_12mA HIGH level output voltage lo=12mA, Visr = 1.8V 1.44 \%
VoH_16mA HIGH level output voltage lo=16 mA, Visr = 1.8V 1.44 \%
VoL_ama LOW level output voltage lo=4mA, Visr =1.8V 0.36 \%
VoL_sma LOW level output voltage lo=8mA, Visr =1.8V 0.36 \%
VoL_12ma LOW level output voltage lo=12mA, Vigr =18V 0.36 \%
VoL_i6mA LOW level output voltage lo=16 mA, Visr = 1.8V 0.36 \Y,
lH HIGH level input current Vi=Vigr = 1.8V -0.3 0.3 MA
I LOW level input current Vi=Vss, Vigr = 1.8 V -0.3 0.3 MA
liH_PD HIGH level input current with | Vi=Visr, Visr = 1.8 V 25 75 MA
pull-down
li_pu LOW level input current with | Vi=Vss, Visr = 1.8 V -75 -25 MA
pull-up
SRRr.0 Rising slew rate QSPIC_GP_REG[QSPIC_P 1.7 V/ns
ADS_SLEW] = 0x0
SRRr_1 Rising slew rate QSPIC_GP_REGIQSPIC_P 2 Vins
ADS_SLEW] = 0x1
SRR 2 Rising slew rate QSPIC_GP_REGIQSPIC_P 2.3 Vins
ADS_SLEW] = 0x2
SRRr_3 Rising slew rate QSPIC_GP_REGIQSPIC_P 2.4 Vins
ADS_SLEW] = 0x3
SRFr o Falling slew rate QSPIC_GP_REGIQSPIC_P 1.9 Vins
ADS_SLEW] = 0x0
SRF1 Falling slew rate QSPIC_GP_REGIQSPIC_P 2.3 Vins
ADS_SLEW] =0x1
SRFr 2 Falling slew rate QSPIC_GP_REGIQSPIC_P 2.6 Vins
ADS_SLEW] = 0x2
SRF 3 Falling slew rate QSPIC_GP_REG[QSPIC_P 2.7 Vins
ADS_SLEW] = 0x3
Cin Input capacitance 0.87 pF
Table 60: PAD QSPIC/QSPIC2 - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
ViH HIGH level input voltage Vigp = 1.8V 1.26 Vv
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Parameter | Description Conditions Min Typ Max Unit
Vi LOW level input voltage Vigp = 1.8V 0.54 \%
Table 61: PAD QSPIC/QSPIC2 - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
VoH_ama HIGH level output voltage lo=4mA, Visp = 1.8V 1.44 \%
VoH_sma HIGH level output voltage lo=8mA, Visp = 1.8V 1.44 \%
VoH_12mA HIGH level output voltage lo=12mA, Visp, =18V 1.44 \%
VoH_16mA HIGH level output voltage lo=16 mA, Visp = 1.8V 1.44 \Y,
VoL_ama LOW level output voltage lo=4mA, Visp =18V 0.36 \Y,
VoL_sma LOW level output voltage lo=8mA, Visp = 1.8V 0.36 \Y,
VoL_12ma LOW level output voltage lo=12mA, Visp = 1.8V 0.36 \Y,
VoL_16ma LOW level output voltage lo=16 mA, Vigp =18V 0.36 \%
lH HIGH level input current Vi=Vigp = 1.8V -0.3 0.3 MA
I LOW level input current Vi=Vss, Vigp = 1.8 V -0.3 0.3 MA
liH_PD HIGH level input current with | Vi=Vigp = 1.8 V 25 75 MA
pull-down
h_pu LOW level input current with | Vi=Vss, Visp = 1.8 V -75 -25 MA
pull-up
SRRr0 Rising slew rate QSPIC_GP_REG[QSPIC_P 1.7 Vins
ADS_SLEW] = 0x0
SRR 1 Rising slew rate QSPIC_GP_REGIQSPIC_P 2 V/ns
ADS_SLEW] =0x1
SRR 2 Rising slew rate QSPIC_GP_REGIQSPIC_P 2.3 V/ns
ADS_SLEW] = 0x2
SRR 3 Rising slew rate QSPIC_GP_REG[QSPIC_P 2.4 Vins
ADS_SLEW] = 0x3
SRF 0 Falling slew rate QSPIC_GP_REG[QSPIC_P 1.9 Vins
ADS_SLEW] = 0x0
SRF.1 Falling slew rate QSPIC_GP_REG[QSPIC_P 2.3 Vins
ADS_SLEW] = 0x1
SRFr_2 Falling slew rate QSPIC_GP_REGIQSPIC_P 2.6 Vins
ADS_SLEW] = 0x2
SRF_3 Falling slew rate QSPIC_GP_REGIQSPIC_P 2.7 Vins
ADS_SLEW] = 0x3
Cin Input capacitance 0.87 pF
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4.28 LED Characteristics
Table 62: LED - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
lorr_LED Off-state current Driver disabled -0.2 0.2 MA
lo_mAx_LED Maximum sink current PWM 100 %, ViLep = 500 mV; 18 22 mA
full temp range
lo_ max_Lep_rR | Maximum sink current PWM 100 %, Viep = 500 mV; 19 21 mA
T 25°C
ImatcH_upTo_ | Relative matching; difference | PWM 100 %, load select 2.5 -7.5 7.5 %
5mA from the average of 3 mA
outputs
ImatcH_sma_T | Relative matching; difference | PWM 100 %, load select 5 -5 5 %
0_10mA from the average of 3 mA to 10 mA
outputs
ImatcH_10ma_ | Relative matching; difference | PWM 100 %, load select 10 -5 5 %
TO_20mA from the average of 3 mA to 20 mA
outputs
VsaT LED Saturation voltage PWM 100 %, load select 20 500 mV
mA
lacc_Leb_pwm | PWM current accuracy PWM accuracy at 10 % duty -2 2 %
cycle and above relative to
lo_max_Lep (100 % duty
cycle), frwm = 500 Hz
Table 63: LED - AC Characteristics
Parameter | Description Conditions Min Typ Max Unit
fpwm_LED PWM frequency 30.5 78125 Hz
Table 64: LED - Programmable Conditions
Parameter | Description Conditions Min Typ Max Unit
lacc_Lep_Loa | Absolute current accuracy; k=01to 7, VLep = 500 mV; full -10 10 %
D_SEL[K] 2575 mA + temp range
(LOAD_SEL[K]*2.575 mA)
lacc_Lepb_Loa | Absolute current accuracy; k=0to 7, VLep = 500 mV; 25 -5 5 %
D_SEL[K]_RT 2.575 mA + °C
(LOAD_SEL[K]*2.575 mA)
4.29 USB Characteristics
Table 65: PAD I/O USB PHY - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
lH HIGH level input current ViI=V3 =3.0V -20 20 MA
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Parameter | Description Conditions Min Typ Max Unit
I LOW level input current Vi=Vss =0V -0.3 0.3 MA
liH_PD HIGH level input current ViI=V3 =3.0V 60 180 MA
liL_pu_3vo LOW level input current Vi=Vss =0V, V3 =30V -180 -60 MA
liL_pu_1vs LOW level input current Vi=Vss =0V, Vier=1.8V -110 -35 MA
VoH_1vs HIGH level output voltage lo=4.8mA, Visp =18V 1.44 \%
VoL_1vs LOW level output voltage lo=4.8mA, Vigp =18V 0.36 \%
VoH_3vo HIGH level output voltage lo=4.8mA, V=20V 1.6 \%
VoL _3vo LOW level output voltage lo=4.8mA, V=20V 0.4 \%
SRr Rising slew rate CL=15pF; IL.=4.8 mA 0.4 3.2 Vins
SRr Falling slew rate CL=15pF; IL.=4.8 mA 0.4 3.3 Vins
Cin Input capacitance 0.75 pF
Table 66: PAD I/0 USB PHY - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
ViH HIGH level input voltage 1.26 \Y,
Vi LOW level input voltage 0.54 \Y,
4.30 USB Charger Detection Characteristics
Table 67: USB Charger Detection - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
ViH_cHe_per | HIGH level input voltage CHG_DET_SW_CTRL_REG 0.4 \%
[VDP_SRC_ON] =1
ViL_cHe_per | LOW level input voltage CHG_DET_SW_CTRL_REG 0.25 \%
[VDP_SRC_ON] =1
ViH_pcp_per | HIGH level input voltage CHG_DET_SW_CTRL_REG 0.4 \%
[VDM_SRC_ON] =1
ViL_pcp_per | LOW level input voltage CHG_DET_SW_CTRL_REG 0.25 \%
[VDM_SRC_ON] =1
ViH_DM_vAL HIGH level input voltage 15 \%
ViL_bM_vAL LOW level input voltage 0.8 \%
ViH_bp_vAL HIGH level input voltage 15 \%
VIL_bpP_vAL LOW level input voltage 0.8 \%
ViH_om vaLz | HIGH level input voltage 25 \%
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Parameter | Description Conditions Min Typ Max Unit
ViLpm vaz | LOW level input voltage 2.3 \%
ViH_pop_varz | HIGH level input voltage 25 \%
VIL_DP_vAL2 LOW level input voltage 2.3 \%
Vo pm_src | Output voltage CHG_DET_SW_CTRL_REG | 05 0.7 \Y
=0x19
Vo pp_src | Output voltage CHG_DET_SW_CTRL_REG | 05 0.7 \Y
= 0x25
lom_sink D- sink current CHG_DET_SW_CTRL_REG 25 175 pA
= 0x25
IoP_sINK D+ sink current CHG_DET_SW_CTRL_REG | 25 175 WA
=0x19
Ibp_src D+ source current CHG_DET_SW_CTRL_REG 5 13 MA
=0x3
Rowm_pwn D- resistance to ground CHG_DET_SW_CTRL_REG | 14.25 24.8 kQ
=0x3
4.31 Voice Activity Detection Characteristics
Table 68: VAD - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
VIN_MAX Maximum input voltage Power Level Sensitivity set to 280 mV
3dB
VIN_MIN Minimum detection input Power Level Sensitivity set to 35 "\
voltage 3dB
4.32 Temperature Sensor Characteristics
Table 69: Temperature Sensor - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
Tsense_rang | Sense temperature range -40 105 °C
E
Tsense acc_ | Absolute temperature sensor | Tavsient = 25 °C -4 4 °C
oTpP accuracy using OTP value
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Table 70: Temperature Sensor - Electrical Performance
Parameter | Description Conditions Min Typ Max Unit
TCsense Temperature coefficient of Reading via GP_ADC (10 bit 2.6 LSB/°
the internal temperature result) C
sensor
4.33 Radio Characteristics
Table 71: Radio BLE 1M - Recommended Operating Conditions
Parameter | Description Conditions Min Typ Max Unit
foPer Operating frequency 2400 24835 | MHz
NcH Number of channels 40 1
fen Channel frequency K=0to 39 2402+ MHz
K*2
Table 72: Radio BLE 1M - DC Characteristics
Parameter | Description Conditions Min Typ Max Unit
IBAT_RF_RX Battery supply current Radio receiver and 1.85 mA
synthesizer active; ideal DC-
DC converter with Veat =3V
and Visrr = 1.4 V; TaA=25°C
Note 1
IsaT_RrRF_Tx_+6 | Battery supply current Radio transmitter and 5.2 mA
dBm synthesizer active; power
setting = 15; ideal DC-DC
converter with Veatr =3V
and Visrr = 1.4 V; TaA=25°C
Note 1
IsaT_RF_Tx_0d | Battery supply current Radio transmitter and 3 mA
Bm synthesizer active; power
setting = 8; ideal DC-DC
converter with Veatr =3V
and Visrr = 1.4 V; TaA=25°C
Note 1
Isat_rRF_Tx_- | Battery supply current Radio transmitter and 2.2 mA
3dBm synthesizer active; power
setting = 6; ideal DC-DC
converter with Veatr =3 V
and Viarr = 1.4 V; TaA=25°C
Note 1
IsaT_rRF_Tx_- | Battery supply current Radio transmitter and 1.9 mA
6dBm synthesizer active; power
setting = 4; ideal DC-DC
converter with Veatr =3 V
and Viarr = 1.4 V; TaA=25°C
Note 1
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Parameter | Description Conditions Min Typ Max Unit
IeaT RF_TX - | Battery supply current Radio transmitter and 1.4 mA
12dBm synthesizer active; power

setting = 2; ideal DC-DC
converter with Vear =3V
and Visrr = 1.4 V; TaA=25°C

Note 1
IeaT RF_TX - | Battery supply current Radio transmitter and 1.1 mA
18dBm synthesizer active; power

setting = 1, ideal DC-DC
converter with Vear =3V
and Visrr = 1.4 V; TaA=25°C

Note 1

Note 1  The DC-DC converter efficiency is assumed to be 100 % to enable benchmarking of the radio currents
at battery supply domain.

Table 73: Radio BLE 1M - AC Characteristics

Parameter | Description Conditions Min Typ Max Unit

Psens_cLean | Sensitivity level Dirty Transmitter disabled; -97 dBm
DC-DC converter disabled;
PER =30.8 %; Vuurr = 1.4V

Note 1

Psens_epkt | Sensitivity level Extended packet size (255 -94.5 dBm
octets)

Psens Sensitivity level Normal Operating -96.5 dBm

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

Note 1
PiNT_IMD Intermodulation distortion Worst-case interferer level @ -28 dBm
interferer power level f1, f2 with 2*f1 - f2 = fo, |f1 - f2]

=nMHzand n =3, 4,5;
PwanTep = -64 dBm @ fo;
PER =30.8 %

Note 2

CIRo Carrier to interferer ratio n = 0; interferer @ f1 = fo + 7 dB
n*1 MHz

Note 3

CIRm1 Carrier to interferer ratio n =-1; interferer @ f1 =fo + -5 dB
n*1 MHz

Note 3

CIRp1 Carrier to interferer ratio n = +1; interferer @ f1 = fo + -3 dB
n*1l MHz

Note 3

CIRp2 Carrier to interferer ratio n = +2; interferer @ f1 =fo + -30 dB
n*1 MHz

Note 3
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Parameter | Description Conditions Min Typ Max Unit
CIRm2 Carrier to interferer ratio n = -2 (image frequency); -37 dB
interferer @ f1 = fo + n*1 MHz
Note 3
CIRp3 Carrier to interferer ratio n = +3; interferer @ f1 =fo + -42 dB
n*1 MHz
Note 3
CIRwm3 Carrier to interferer ratio n = -3 (image frequency + 1 -47 dB
MHz); interferer @ f1 = fo +
n*1 MHz
Note 3
CIRp4 Carrier to interferer ratio n = +4; interferer @ f1 =fo + -48 dB
n*1 MHz
Note 3
CIRwm4 Carrier to interferer ratio n = -4; interferer @ f1 =fo + -51 dB
n*1 MHz
Note 3
CIRs Carrier to interferer ratio In| =5 (any other BLE -52 dB
channel); interferer @ f1 =fo
+ n*1 MHz
Note 3
PsL_I Blocker power level 30 MHz < fgL < 2000 MHz; 5 dBm
PwanTeD = -67 dBm
Note 4
PsL_il Blocker power level 2003 MHz < fgL = 2399 MHz; 0 dBm
Note 5 PwanTep = -67 dBm
Note 4
PsL_mn Blocker power level 2484 MHz < g < 2997 MHz; 0 dBm
PwanTep = -67 dBm
Note 4
PsL v Blocker power level 3000 MHz < fg. £ 12.75 GHz; 5 dBm
PwanTep = -67 dBm
Note 4
Lacc_Rrssi Level accuracy Tolerance at 5 % to 95 % 2 dB
confidence interval of Prr:
when RXRSSI[7:0] = X, 50 <
X < 175; burst mode, 1500
packets
Lres_Rss! Level resolution Gradient of monotonous 0.5 dB/LS
range for RXRSSI[7:0] = X, B
50 < X < 175; burst mode,
1500 packets
ACP2m Adjacent channel power level | fors = 2 MHz -49 dBm
Note 6
ACP3aum Adjacent channel power level | fors =23 MHz -56 dBm
Note 6
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Parameter | Description Conditions Min Typ Max Unit
Po_1s Output power level RF_ATTR_REG[PA_POWE 6 dBm
R_SETTING] = 15
Po_14 Output power level RF_ATTR_REG[PA_POWE 5 dBm
R_SETTING] = 14
Po_13 Output power level RF_ATTR_REG[PA_POWE 45 dBm
R_SETTING] = 13
Po_12 Output power level RF_ATTR_REG[PA_POWE 4 dBm
R_SETTING] = 12
Po_11 Output power level RF_ATTR_REG[PA_POWE 3 dBm
R_SETTING] = 11
Po_10 Output power level RF_ATTR_REG[PA_POWE 2 dBm
R_SETTING] = 10
Po_os Output power level RF_ATTR_REG[PA_POWE 15 dBm
R_SETTING] =9
Po_os Output power level RF_ATTR_REG[PA_POWE 0.5 dBm
R_SETTING] =8
Po_o7 Output power level RF_ATTR_REG[PA_POWE -1 dBm
R_SETTING] =7
Po_os Output power level RF_ATTR_REG[PA_POWE -2 dBm
R_SETTING] =6
Po_os Output power level RF_ATTR_REG[PA_POWE -3.5 dBm
R_SETTING] =5
Po_oa Output power level RF_ATTR_REG[PA_POWE -5.5 dBm
R_SETTING] =4
Po_os Output power level RF_ATTR_REG[PA_POWE -8 dBm
R_SETTING] =3
Po_o2 Output power level RF_ATTR_REG[PA_POWE -11.5 dBm
R_SETTING] =2
Po_o1 Output power level RF_ATTR_REG[PA_POWE -17.5 dBm
R_SETTING] =1
Po_o1a1 Output power level Power set to -22 dBm -22 dBm
Po_o1a2 Output power level Power set to -26 dBm -26 dBm
Po_up Output power level RF_ATTR_REG[PA_POWE -51 dBm
R_SETTING] = 0;

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, version 4.0, volume 6,
section 4.4. Published value is for n = IXIT = 4. IXIT = 5 gives the same results, IXIT = 3 gives results
that are 5 dB lower.

Note 3 Measured according to Bluetooth® Core Technical Specification document, version 4.0, volume 6,
Section 4.2.

Note 4 Measured according to Bluetooth® Core Technical Specification document, version 4.0, volume 6,
section 4.3. Due to limitations of the measurement equipment, levels of -5 dBm should be interpreted
as > -5 dBm.
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Note 5 Frequencies close to the ISM band can show slightly worse performance
Note 6 Measured according to Bluetooth® Low Energy Test Specification RF-PHY.TS/4.0.1, section 6.2.3.

Table 74: Radio BLE 2M - 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 39 240§+ MHz
K

Table 75: Radio BLE 2M - DC Characteristics

Parameter | Description Conditions Min Typ Max Unit

IBAT_RF_RX Battery supply current Radio receiver and 2.2 mA
synthesizer active; ideal DC-
DC converter with Veat =3V
and Visrr = 1.4 V; TaA=25°C

Note 1
IeaT_rRF_Tx +6 | Battery supply current Radio transmitter and 5.2 mA
dBm synthesizer active; power

setting = 15; ideal DC-DC
converter with Veatr =3V
and Visrr = 1.4 V; TaA=25°C

Note 1
IsaT_RF_Tx_0d | Battery supply current Radio transmitter and 3 mA
Bm synthesizer active; power

setting = 8; ideal DC-DC
converter with Veatr =3V
and Visre = 1.4 V; TaA=25°C

Note 1
IeaT rRF_TX_- | Battery supply current Radio transmitter and 2.2 mA
3dBm synthesizer active; power

setting = 6; ideal DC-DC
converter with Veatr =3V
and Visre = 1.4 V; TA=25°C

Note 1
IeaT_rRF_Tx_- | Battery supply current Radio transmitter and 1.9 mA
6dBm synthesizer active; power

setting = 4; ideal DC-DC
converter with Veatr =3V
and Visrr = 1.4 V; TaA=25°C

Note 1
IeaT RF_TX - | Battery supply current Radio transmitter and 1.4 mA
12dBm synthesizer active; power

setting = 2; ideal DC-DC
converter with Veatr =3V
and Visrr = 1.4 V; TaA=25°C

Note 1
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Parameter | Description Conditions Min Typ Max Unit
IeaT RF_TX - | Battery supply current Radio transmitter and 1.1 mA
18dBm synthesizer active; power

setting = 1, ideal DC-DC

converter with Veat =3 V

and Visrr = 1.4 V; TaA=25°C

Note 1

Note 1 The DC-DC converter efficiency is assumed to be 100 % to enable benchmarking of the radio currents

at battery supply domain.

Table 76: Radio BLE 2M - AC Characteristics

Parameter | Description Conditions Min Typ Max Unit

Psens_cLean | Sensitivity level Dirty Transmitter disabled; -94.5 dBm
DC-DC converter disabled;
PER =30.8 %; Vuurr = 1.4V
Note 1

Psens_epkt | Sensitivity level Extended packet size (255 -92.5 dBm
octets)

Psens Sensitivity level Normal Operating -94 dBm
Conditions; DC-DC converter
disabled; PER = 30.8 %
Note 1

PiNT_IMD Intermodulation distortion Worst-case interferer level @ -27 dBm

interferer power level f1, f2 with 2*f1 - f2 = fo, |f1 - f2|

=nx2MHzandn=3,4,5;
Pwantep = -64 dBm @ fo;
PER =30.8%
Note 2

CIRo Carrier to interferer ratio n = 0; interferer @ f1 = fo + 6 dB
n*2 MHz
Note 3

CIRp1 Carrier to interferer ratio n = +1; interferer @ f1 =fo + -4 dB
n*2 MHz
Note 3

CIRwm1 Carrier to interferer ratio n =-1; interferer @ fr =fo + -4 dB
n*2 MHz
Note 3

CIRp2 Carrier to interferer ratio n =+2; interferer @ f1 =fo + -31 dB
n*2 MHz
Note 3

CIRm2 Carrier to interferer ratio n = -2 (image frequency); -36 dB
interferer @ f1 = fo + n*2 MHz
Note 3

CIRp3 Carrier to interferer ratio n = +3; interferer @ f1 = fo + -41 dB
n*2 MHz
Note 3
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Parameter | Description Conditions Min Typ Max Unit
CIRwm3 Carrier to interferer ratio n = -3 (image frequency + 2 -47 dB
MHz); interferer @ f1 = fo +
n*2 MHz
Note 3
CIRwm4 Carrier to interferer ratio n = -4; interferer @ f1 = fo + -47 dB
n*2 MHz
Note 3
CIRp4 Carrier to interferer ratio n = +4; interferer @ f1 = fo + -41 dB
n*2 MHz
Note 3
CIRs Carrier to interferer ratio In] = 5 (any other BLE -53 dB
channel); interferer @ f1 = fo
+ n*2 MHz
Note 3
PsL_I Blocker power level 30 MHz < fgL < 2000 MHz; 5 dBm
PwanTeD = -67 dBm
Note 4
PsL_ii Blocker power level 2003 MHz < fg. < 2399 MHz; 0 dBm
Note 5 PwanTep = -67 dBm
Note 4
PsL_m Blocker power level 2484 MHz < faL < 2997 MHz; 0 dBm
PwanTeD = -67 dBm
Note 4
PsL_ v Blocker power level 3000 MHz < faL < 12.75 GHz; 5 dBm
PwanTep = -67 dBm
Note 4
Lacc_Rrssi Level accuracy Tolerance at 5 % to 95 % 2 dB
confidence interval of Prr:
when RXRSSI[7:0] = X, 50 <
X < 175; burst mode, 1500
packets
LrES_RsS! Level resolution Gradient of monotonous 0.5 dB/LS
range for RXRSSI[7:0] = X, B
50 < X < 175; burst mode,
1500 packets
ACPam Adjacent channel power level | fors = 4 MHz -54 dBm
Note 6
ACPsm Adjacent channel power level | fors =5 MHz -61 dBm
Note 6
ACPsm Adjacent channel power level | fors = 6 MHz -60 dBm
Note 6
Po_15 Output power level RF_ATTR_REG[PA_POWE 6 dBm
R_SETTING] = 15
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Parameter | Description Conditions Min Typ Max Unit
Po_14 Output power level RF_ATTR_REG[PA_POWE 5 dBm
R_SETTING] = 14
Po_13 Output power level RF_ATTR_REG[PA_POWE 45 dBm
R_SETTING] = 13
Po_12 Output power level RF_ATTR_REG[PA_POWE 4 dBm
R_SETTING] = 12
Po_11 Output power level RF_ATTR_REG[PA_POWE 3 dBm
R_SETTING] = 11
Po_10 Output power level RF_ATTR_REG[PA_POWE 2 dBm
R_SETTING] = 10
Po_os Output power level RF_ATTR_REG[PA_POWE 15 dBm
R_SETTING] =9
Po_os Output power level RF_ATTR_REG[PA_POWE 0.5 dBm
R_SETTING] =8
Po_o7 Output power level RF_ATTR_REG[PA_POWE -1 dBm
R_SETTING] =7
Po_os Output power level RF_ATTR_REG[PA_POWE -2 dBm
R_SETTING] = 6;
Po_os Output power level RF_ATTR_REG[PA_POWE -3.5 dBm
R_SETTING] =5
Po_oa Output power level RF_ATTR_REG[PA_POWE -5.5 dBm
R_SETTING] =4
Po_os Output power level RF_ATTR_REG[PA_POWE -8 dBm
R_SETTING] =3
Po_o2 Output power level RF_ATTR_REG[PA_POWE -11.5 dBm
R_SETTING] =2
Po_o1 Output power level RF_ATTR_REG[PA_POWE -17.5 dBm
R_SETTING] =1
Po_o1a1 Output power level Power set to -22 dBm -22 dBm
Po_o1a2 Output power level Power set to -26 dBm -26 dBm
Po_up Output power level RF_ATTR_REG[PA_POWE -51 dBm
R_SETTING] =0

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, version 4.0, volume 6,
section 4.4. Published value is for n = IXIT = 4. IXIT = 5 gives the same results, IXIT = 3 gives results
that are 5 dB lower.

Note 3 Measured according to Bluetooth® Core Technical Specification document, version 4.0, volume 6,
section 4.2.

Note 4 Measured according to Bluetooth® Core Technical Specification document, version 4.0, volume 6,
section 4.3. Due to limitations of the measurement equipment, levels of -5 dBm should be interpreted
as > -5 dBm.

Note 5 Frequencies close to the ISM band can show slightly worse performance

Note 6 Measured according to Bluetooth® Low Energy Test Specification RF-PHY.TS/4.0.1, section 6.2.3.
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5 System Overview

5.1 Internal Blocks
The DA1470x family contains the following blocks:

Arm® Cortex®-M33 CPU: This processor provides 1.5 dMIPS/MHz (240 dMIPS when operating at
the maximum clock speed of 160 MHz) and is used for the application but also implementing the
upper layers of the Bluetooth® Low Energy protocol (Host). It has a powerful cache controller with
four-way associativity, 8 B cache line size, and 8 kB of cache RAM. The CPU executes code from
the external FLASH via the cache controller. Code in the FLASH might be encrypted; so, decryption
happens while in progress without extra wait states.

Configurable MAC: This is a Configurable MAC (CMAC) based on the ARM Cortex-M0+ CPU and
hardware accelerators implementing all timing critical tasks of the Bluetooth® LE (5.x) Controller
stack.

Sensor Node Controller (SNC): This controller includes an Arm Cortex MO+ and primarily serves as
a local master for sensors control and as a DMA for fetching data from sensors directly to RAM while
the rest of the system is completely shut down. Furthermore, it can perform processing on the sensor
data before storing to RAM.

ROM: This is a 32 kB ROM containing the booter code as well as the routines for implementing
authentication of the FLASH image (using Elliptic Curves).

OTP: This is a 4 kB One Time Programmable memory array that contains the symmetric keys for the
FLASH image decryption, the symmetric keys for the application AES operations, and the public keys
for the authentication of the FLASH image during boot. It also contains trim values programmed
during production testing. It allows for a small secondary bootloader (if required).

Data RAM: Up to 1.5 MB Data RAM (DataRAM) which is shared among all masters of the system. It
is used for storing code and data of the Configurable MAC, the Sensor Node Controller and
application data (Cortex-M33). It comprises RAM cells of 32 kB, 128 kB, 192 kB, and 256 kB, all with
content retaining as well as complete power switch-off capability. Note that two of the RAM cells
used for Bluetooth® LE code and data are always running at a 32 MHz clock although the system
clock speed can reach 160 MHz, so accessing those cells by the Cortex M33 will be slower
compared to others.

OCTA/QUAD-SPI Flash Controller: This controller is used to communicate to FLASH supporting
XiP. It can be programmed in the Quad or Octa mode. The FLASH controller supports decrypt on-
the-fly while reading from the FLASH, using a dedicated AES-256-bit decryption unit, without
introducing extra delays toward the CPU.

QSPI Controllers: There are two additional QSPI controllers. Both controllers support
communication with external FLASH and PSRAM. An 8 kB data cache with write-back capabilities, is
integrated into one of the two QSPI controllers for increased read/write performance for use with an
external PSRAM only.

eMMC: This controller is used to connect to an external eMMC NAND storage card. It has an 8-bit
interface and supports SDR mode up to 48 MHz. The maximum throughput of the interface is
48 MB/s.

Display Controller: This controller supports Parallel DPI/DBI-B/JDI, 3/4w SPI, and Dual/Quad SPI
display interfaces. All the SPI interfaces are supported through a dedicated SPI controller with a
maximum interface clock of 80 MHz. It incorporates a DMA that allows autonomous operation without
CPU intervention and two layers that can natively support the blending of two framebuffers before
displaying.

GPU 2D: This block is used for complex 2D graphics processing. The GPU can utilize both, internal
RAM as well as external PSRAM. It supports various graphics primitives and attributes such as
circles, lines, triangles, ellipses, anti-aliasing, blending, textures, and linear Alpha gradient. The GPU
supports also various input and output color formats (ARGB, RGBA, ALPHA, and so on).
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Cryptography Controllers: They consist of an AES 128/192/256 bits block and a HASH controller
implementing MD5, SHA-1, and SHA-2. This accelerates any application security requirements. An
SW True Random Number Generator (TRNG) that enables secure key generation is also provided.

UART, UART2, and UART3: Asynchronous serial interfaces. UART2 and UART3 implement
hardware flow control while UART3 is amended with ISO7816 functionality for connecting to a secure
element. All UARTSs are equipped with a FIFO of 16 bytes depth supporting up to 6 Mbps data rate.

SPI, SPI2, and SPI3: The SPI and SPI2 are serial peripheral interfaces with Master/Slave capability.
They have separate RX/TX FIFOs (32 bytes) and support SPI clock up to 24 MHz. SPI3 is a high-
speed master-only controller which supports up to 48 MHz SPI clock and includes a four bytes
RX/TX FIFO.

I2C, 12C2, and 12C3: These are Master/Slave 12C interfaces used for sensors and/or host MCU
communication. Each controller includes a 32 locations deep FIFO (8-bits Rx, 9-bits Tx). They can all
achieve up to 3.4 Mbps with maximum 96 MHz system clock.

I3C: This is a Master-only SDR I3C interface used for sensors. It includes a 32 words deep FIFO for
the RX and a 32 words deep FIFO for the TX (each word is 32-bit). The controller can achieve up to
12.5 Mbps with maximum 160 MHz system clock. It is backward compatible with 12C.

Audio blocks: This part enables audio streaming by means of a Pulse Density Modulation (PDM),
dual Sample Rate Converter (SRC), and a Pulse Code Modulation (PCM) interface. Two SRC
blocks, supporting simultaneous inbound and outbound audio streams, 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 four external input
channels and averaging circuitry, which increases the effective number of bits (ENOB) to 11 using
oversampling up to 128 times.

Application ADC: This is a ZA analog to digital converter used mainly for Audio/Voice with an
increased effective number of bits (>11 bits ENOB). It integrates a Programmable Gain Amplifier
(PGA) to adjust the input level of the microphone to the ADC input range.

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

General Purpose Timers: Six general-purpose timers of 24-bit width each are available for the user,
all in their own power domain (timer power domain). They provide a number of features like PWM
generation, two capture channels that save a snapshot of the timer, up/down counting with free-
running mode, selectable clock source, and one-shot pulse generation with a configurable width, and
edge detection counter mode. All timers support the OneShot mode and two of them support
automatic switching from OneShot to the Counter mode.

Real-Time Clock: This is a hardware controller that supports the complete time of a 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 the
month, day, hour, minute, second, or hundredths of milliseconds.

Watchdog Timers: The system comprises three watchdog timers, 13-bit wide each. One for CMAC
SW monitoring (CMAC Wdog), one for the Sensor Node Controller SW monitoring (SNC Wdog), and
another for the System CPU (System Wdog). The System watchdog is constantly counting down,
automatically started right after POWERUP, it is powered by the sleep domain and generates an NMlI
and an HW Reset when 0 and -16 are reached respectively. Its maximum counting time is 84
seconds or 3 minutes depending on the clock used (RCLP32k or RCX). The CMAC Watchdog
resides in the Radio power domain and generates an interrupt to the CMAC CPU and System CPU
when 16 and 0 are reached respectively. The CMAC Watchdog also generates an HW reset if -16 is
reached. Finally, the SNC Watchdog resides in the SNC power domain and generates an interrupt to
the SNC Arm Cortex MO+ and an HW reset when 16 and -16 are reached. All watchdogs are
automatically frozen when either of the three CPUs is in debug mode.
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Wake-Up Controller: This is a controller for capturing external events that can be used as a wake-
up trigger on any of the GPIO ports with programmable polarity. It comprises a single debouncing
structure for generating a wake-up interrupt upon a button press.

Wake-Up from Hibernation Controller: This is a small controller unit that wakes up the system from
the Hibernation mode. The unit generates a wake-up signal when the trigger on any of the four
dedicated GPIOs or when the presence of the signal at the VBUS power line is detected.

White LED Drivers: There are three white LED drivers able to sink up to 20 mA current. Their
intensity is controlled by a dedicated configurable PWM signal. It provides programmability regarding
the amount of sinking current while sustaining an accuracy of +/- 5%.

USB FS Device: This is a 12 Mbit/s USB device controller, which is mainly used for software
upgrades. It is also used for recharging the system’s battery. It supports seven endpoints with
endpoint 0 having a 64 Bytes FIFO while endpoints from 1 to 6 having 512 Bytes FIFOs.

DMA Engine: This is a general-purpose DMA engine with eight 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 OTP to registers without the CPU having access.

5.2 Digital Power Domains

The DA1470x supports a number of digital power domains that can be turned ON and OFF
independently from one another.
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Figure 3: Digital Power Domains

The description and domain names used throughout this document are shown in Table 77.
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Table 77: Power Domains Description

RENESAS

Final

# | Abbreviation Description Contains

1 PD_SYS System power domain Arm Cortex M33, Cache Controller, Octa/Quad SPI
controller (XiP), OTP Controller, ROM, Crypto Block,
USB Controller, Charge Detection, Charger FSM, SPI3,
DMA controller, APP ADC, Display Controller
(Parallel/JDI, 3/4w SPI, Dual/Quad SPI), AMBA AHB,
APB-32 fast

2 PD_MEM Memory power domain Memory Controller, XTAL32M FSM, PLL160M regs,
PLL48M regs, GPIO multiplexing, APB-32 slow, Clock
calibration

3 PD_RAD Radio power domain CMAC, Modem, RFMON, RFCU

4 PD_AON Always On power domain | Wake up from Hibernation controller

5 PD_SLP Sleep power domain MAC Timer, RTC, System Watchdog, Wake up from
Sleep controller, Buck DCDC FSM, Boost DCDC FSM,
WLEDSs, VAD digital FSM, clock-tree

6 PD_SNC Sensor Node Controller SNC Cortex MO+, all serial interfaces (except SPI3), GP

power domain ADC
7 PD_GPU GPU power domain 2D GPU
8 PD_CTRL External Memory Quad SPI controllers for flash and PSRAM, write-back
Controller power domain cache controller, and eMMC host controller
9 PD_AUD Audio power domain Audio/Voice interface controllers
10 PD_TMR Timers power domain Timer, Timer2, Timer3, Timer4, Timer5, Timer6
5.3 POWERUP, WAKEUP, and GOTO Sleep
5.3.1 Analog PMU FSM

The Analog PMU FSM is responsible for the POWERUP, WAKEUP, and GOTO sleep processes of
the system, and they are presented in Figure 4.

The WOKENUP signal indicates that the Analog PMU FSM has finished, and the digital power
domains will be initialized through the Digital PMU FSMs. This signal can be monitored at the register
bit field SYS_STAT_REG[POWER_IS_UP].

5.3.2 Digital PMU FSM

The digital PMU FSM handles:
Power control

Isolation

Retention (save, restore + reset)
Clock enable

e Reset for non-retention flops

It is responsible for enabling the supply at the various digital power domains and letting the domain
operate smoothly with the clock.
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Figure 4: POWERUP, WAKEUP, GOTO Sleep
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5.3.3 POWERUP

After POR is released, the Analog PMU FSM enters state V30_Clamp, as shown in Figure 5, where
the following actions are taken:

e The COLD_BOOT bit is asserted indicating that the system recovers from a POR (previous state
has to be POR_Vdd_N). In this state, the RCLP will be enabled (the default speed is 32 kHz).
The time required for the RCLP and the biasing of the RCLP to settle is typically 1 ms

e The V30 clamp is enabled. The clamp requires some time to settle so the voltage is stable at its
output. This time can be up to 180 ms and depends on the external capacitor

The next state (BG) enables Bandgap. The latency of this state is less than 100 ps. In the next state
(VSYS), the VSYS supply is generated from VBAT or VBUS by the Vsys Generation block. This state
does not exceed 150 ps.

In the next step, the LDO_V30 is enabled and it takes up to 300 us time to settle. Once the V30 rail is
settled, the LDO_START is enabled and takes less than 30 ms, depending on the external capacitor.
After the V12 rail is settled in the state “Close V12 switch”, the switch V12 is closed, which takes
around two RCLP clk cycles.

After that, the SIMO Buck is enabled (1 RCLP clk cycle) and the LDO_START is disabled by the
Analog PMU FSM. During the “RAILS_OK” state the rails are settled in less than 500 pus. In the
RUNNING state, the digital state machine starts with initialization where the RCHS clock and the
power domains are enabled, followed by the SW Running state (Booter).

The total time required for power-up is about 213 ms.

—»RC 32 kHz 32kHz —»—» 512 kHz

RawP [ N LI

SYS CLK

POR | 4

Enable RCLP / INITIAUZING & SW RUNNING
CLK Switching (Booter)

State POR_NOK V30_Clamp 8G Vsvs 100_V30 LDO_START Close V12 switch SB'MD

RAILS_OK RUNNING
uck -

>d— i > > > »
< P L0 m— < P

>
< > > <
<1ms <180 ms <100 ps <150 pus <300 ps <30ms 64pus  ‘32ps <500 ps 10 ps

»

Figure 5: POWERUP Timing Diagram

5.34 WAKEUP Options

The complete flow of the various wake-up options is presented in Figure 6 where different stages are
explained until the system is powered up and released from reset to start executing code.

There are a few hardware blocks involved in this process, namely the Wake-up Controller, the Wake-
up from Hibernation Controller, the Power Domain Controller (PDC), the Analog PMU FSM, and the
Digital PMU FSMs (one per each digital power domain).

NOTE

The Power Domain Controller (PDC) is responsible for taking action after waking up or before going
to sleep regarding the activation/deactivation of the digital power domains of the system.

The trigger sources on the left side of the figure are driven to the PDC LUT which in turn decides
what needs to be done according to the respective LUT entries. It also enables the fast clock (RCHS)
and switches it in the clock tree as a system clock based on the configuration.
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Figure 6: Wake-Up Process Flow

The PDC LUT generates a WAKEUP signal towards the Analog PMU FSM which is responsible for
regulating the power supply rails of the system. If FAST WAKEUP is selected, then this FSM is
practically bypassed to the next stage. Note that the bypass is done assuming the levels on power
rails are good, and the Analog PMU FSM is also started in the background.

The PDC FSM then takes over triggering the Digital PMU FSMs to start enabling the power domains
accordingly.

The system supports four different wake-up options: Wake-Up from Hibernation, Wake-Up, Fast
Wake-Up, and VAD Wake-Up (wake-up from VAD). A user can configure which one to select
depending on the application requirements and constraints. In Table 78 the wake-up modes'
characteristics are summarized.

Table 78: Wake-Up Modes

Wake-up Mode Latency Description Remarks
Wake-Up from ~213 ms Intended for the Wake-up is possible only by specific 10s,
Hibernation shipping mode of the POR, or VBUS plug-in
product
Wake-Up 56 — 74 us SW is released to run 56 s can be achieved if all the rails are
after all rails are OK maintained
V12 SLEEP level 0.9 Vor1.2V
Fast Wake-Up ~10 ps SW is released to run No heavy load (that is >0.5 mA) should be
before all rails are OK applied for the first 100 ps.
V12 SLEEP level 0.9 Vor1.2V
VAD Wake-Up <20 ms SW is released to run PGA and AppADC to be able to power up
after all rails are OK and sample the voice in 1 ms.
V12 SLEEP level 0.9 Vor1.2V

In sleep mode, the low-power clock RCX is used for the timing critical blocks (such as Bluetooth® LE
timer), while the RCLP is used at 32 kHz/512 kHz as a system clock.

5341

To support extremely low-power hibernation a wake-up mechanism is included in the system using a
minimum number of gates that are powered by a clamp. This circuit is the only one that resides in the
PD_AON domain. To further reduce the power consumption only four pins of the device with special
pad structures are allowed to wake up the device from the hibernation state. The timing diagram for
the wake-up from hibernation, shown in Figure 7, is the same as the power-up sequence.

The difference from the power-up sequence is in the wake-up trigger. The wake-up from hibernation
is done by detecting a GPIO event or when VBUS is plugged in. The RCLP is enabled after any of
these events.

Wake-Up from Hibernation
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Figure 7: WAKEUP from Hibernation

5.3.4.2 Wake-Up

The WAKEUP timing diagrams for RCLP at 512 kHz and 32 kHz are presented in Figure 8 and
Figure 9 respectively.

RCLP (512KHz)

GPIO toggle l
GPIO_SYNC_1 /
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< > > > >« > <>
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WOKENUP
RCLP +—> RCHS (64/96MHz)

SYS_CLK _,__l_l_l_l_ __________________ _’_mﬂm"wm

State: Digital PMU FSM SLEEP cx Ak sw RUNNING

WAKEUP /

A
Y

56 —74 ps
Figure 8: WAKEUP Timing Diagram (RCLP 512 kHz)
A typical latency of the wake-up, for RCLP at 512 kHz, is ~56 us when VDD (V12) is 1.2 V or ~74 us

and when VDD is 0.9 V during sleep. It takes ~20 ps for the VDD rail to restore from 0.9 Vto 1.2 V. If
the required system clock after the wake-up is higher than 32 MHz then a VDD of 1.2 V is required.
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Figure 9: WAKEUP Timing Diagram (RCLP 32 kHz)

When the RCLP at 32 kHz is used, the latency of the wake-up is no more than 350 ps for either VDD
at1.2Vor0.9Vin sleep mode.

Note that in these cases, the Digital PMU FSM follows the completion of the Analog PMU FSM which
is signaled by asserting the WOKENUP line.

5.3.4.3 Fast Wake-Up

The Fast WAKEUP timing diagram is presented in Figure 10. The digital FSM starts without waiting
for the analog FSM, assuming the power rails are ok. The latency of this mode (from GPIO toggle to
SW running) is no more than 10 ps. If the required system clock after the wakeup is higher than

32 MHz then the VDD level should be 1.2 V during sleep.
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Figure 10: Fast WAKEUP Timing Diagram
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5344 VAD Wake-Up

In this mode, the system is woken up from the VAD IRQ. The V12 rail is setat 0.9 Vor 1.2 V. The
timing diagram is presented in Figure 11 and includes only the wake-up of the system after VAD IRQ
is generated until the Cortex-M33 or SNC is running code.
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Figure 11: VAD WAKEUP Timing Diagram

5.35 Go-To-Sleep

The DA1470x can go to sleep only if the PDC has no pending activity from any of the three masters
of the system. If this is the case, then the system enters the sleep state with the option to refresh the
voltage reference by activating the bandgap periodically, as shown in Figure 12. The amount of time
for switching between the two states is programmable.

RCLP 32/512 kHz

State: Analog PMU FSM SLEEP BG_BOD_REFRESHX SLEEP

»
y o

0.125ms—-63.5s

Figure 12: GOTO Sleep Timing Diagram

5.4 Power Modes and Rails
There are four main power modes in the DA1470x:

e Hibernation mode. This is the “Shipping mode”. There is nothing retained, no clocks running (so
no RTC), and all domains are off. The system can only be woken up by a VBUS plug-in, POR, or
a GPIO trigger on four specific GPIOs

NOTE

All domains are off, including PD_SYS meaning that the CPU will wake up in a reset state.

e Extended Sleep mode. This is the “Bluetooth® LE connection sleep mode”. There can be
programmable RAM cells retained, slp_clk is running (so RTC is on), PD_SLP is enabled, the
PD_TMR can be enabled, Bandgap will be periodically enabled to refresh the LDO’s reference
voltage (LDO_V30_RET). Low IQ SIMO DCDC supplies the rails. The system can only be woken

Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 107 of 1019 © 2022 Renesas Electronics



RENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

DA1470x

up by VBUS attached, POR, RTC alarm, MAC timer, another Timer, or a GPIO trigger. PD_SYS
should be off

e Deep Sleep mode. No RAM is retained, slp_clk is running (so RTC is on), PD_SLP is enabled
the PD_TMR can be enabled. The bandgap is periodically enabled to refresh the LDO’s
reference voltage (LDO_V30_RET). Low IQ SIMO DCDC supplies the rails. The system can only
be woken up by VBUS attached, POR, RTC alarm, another Timer, or a GPIO trigger. After the
wake-up, a reset will be issued because the application data are not retained in RAM

e VAD Sleep mode. This is the “voice activation sleep mode”. During this mode, the PD_SLP and
the analog VAD are enabled and the Bandgap is periodically enabled to refresh the LDO’s
reference voltage (LDO_V30_RET). Furthermore, the PD_TMR can be enabled and there can be
programmable RAM cells retained. The other power domains of the chip are off. The VAD front
end is sampling the output of an external analog microphone to generate a wake-up interrupt
towards the Power Domains Controller as soon as a detectable audible peak is detected. The
system can only be woken up by VAD interrupt, GPIO, or Timer trigger, and when the VBUS is
attached

e Active/ldle. The system is up and running with a number of power domains enabled according to
the use case. In the Sensor Node use case, for instance, it is just the Serial Interfaces, the Arm
Cortex MO+ (PD_SNC), and the Memory PDs (PD_MEM), if Arm Cortex M33 processing power
is needed then all domains might be enabled

Note that in any of the two different sleep modes, LDO_V30 could be kept running (instead of
automatically switching to LDO_V30_RET by the Analog PMU FSM). Moreover, the same holds for
the Boost DCDC converter.

The various configurations of the power mode are presented in Table 79.
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Table 79: Power Modes and Various Configurations

LENESAS

Power Mode | Power Domains LDOs and DCDC Converters Clocks Available Real-Time Clock | Wake-Up From
PD_SYS=0Optional VSYS Generation = ON All Running N/A
Eg_l\sﬂ’\éfAZOAPtt'_O"a' LDO_V30 = ON, LDO_V30_RET = OFF

| =Active _
PD_GPU=Optional LDO_START = OFF
Acti PD_RAD=Optional V30 CLAMP = OFF, VDD clamp ON (sw V12 closed)
ctive PD_CTRL=Optional BUCK = ON
PD_AON=Active _
PD_TMR=Optional BOOST = OPTIONAL
PD_SLP=Active
PD_AUD=Optional
PD_SYS=0OFF VSYS Generation = ON RCX Running VAD interrupt
Eg_l\sﬂl\éfﬂz—ooii LDO_V30 = OPTIONAL, LDO_V30_RET = ON RCLP GPIO Toggle
PD_GPU:_OFF LDO_START = OFF XTAL32K RTC Alarm
PD RAD=OFF V30 CLAMP = OFF, VDD clamp ON (sw V12 closed) Timer Expiration

VAD Sleep — _ .
PD_CTRL=OFF BUCK = low IQ (sleep) mode MAC Timer
Eg—ﬁagjggﬁonm BOOST = OPTIONAL (refreshing mode if the Boost is Expiration
PD:SLP:ON needed in the sleep mode) VBUS Avallable
PD_AUD=OFF nRST pin
PD_SYS=OFF VSYS Generation = ON RCX Running GPIO Toggle
EB_I\SA'E%:_%FFFF LDO_V30 = OPTIONAL, LDO_V30_RET = ON RCLP RTC Alarm
PD_GPU:_OFF LDO_START = OFF XTAL32K Timer Expiration

Extended pD:RAD:OFF V30 CLAMP = OFF, VDD clamp ON (sw V12 closed) MAC Timer

Sleep PD_CTRL=0OFF BUCK = ON (low IQ sleep mode) Expiration
Eg_ﬁl\(zgiggtional BOOST = OPTIONAL (refreshing mode if the Boost is VBUS Available
PD:SLP:ON needed in the sleep mode) NRST pin
PD_AUD=0OFF

Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00

109 of 1019

© 2022 Renesas Electronics




DA1470x

Multi-Core Wireless SoC Family with PMU and GPU

LENESAS

Power Mode | Power Domains LDOs and DCDC Converters Clocks Available Real-Time Clock | Wake-Up From
PD_SYS=0OFF VSYS Generation = ON RCX Running GPIO Toggle
Eg_l\sﬂl\éfﬂz—ooii LDO_V30 = OPTIONAL, LDO_V30_RET = ON RCLP RTC Alarm
PD:GPU=OFF LDO_START = OFF XTAL32K Timer Expiration

Deep Slee PD_RAD=OFF V30 CLAMP = OFF, VDD clamp ON (sw V12 closed) MAC Timer

>8P | Pp_CTRL=OFF BUCK = ON (low IQ sleep mode) Expiration

PD_AON=ON - VBUS Available
PD_TMR=Optional BOOST = OFF nRST pin
PD_SLP=ON
PD_AUD=0OFF
PD_SYS=0OFF VSYS Generation = OFF None No RTC GPIO Toggle
Eg_'\sﬂ’\E'fA:_%FFFF LDO_V30 = OFF, LDO_V30_RET = OFF VBUS Available
PD:GPU:OFF LDO_START = OFF

Hib i PD_RAD=OFF V30 CLAMP = OFF, VDD clamp ON (sw V12 open)

foemation | pp”cTRL=OFF BUCK = OFF

PD_AON=ON —
PD_TMR=OFF BOOST = OFF
PD_SLP=OFF
PD_AUD=0OFF

Note that the amount of retainable RAM is totally decoupled from the actual power mode. Each sleep mode can have RAM retained or not, except
hibernation and deep sleep. The power modes are depicting the power domains, the analog blocks, and the clock resource configurations.
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55 OTP

55.1 Layout
The OTP layout is presented in Table 80.

Table 80: OTP Layout

Bytes | Words | Description OTP Address

1024 256 Configuration Script 0x00000C00
~100 registers write operations

256 64 OQSPI FW Decryption Keys Area — Payload 0x00000B00

Write/read-protected when secure mode enabled in CS
Secure mode connects those (8 * 256-bits) keys to OQSPI Controller

256 64 User Data Encryption Keys — Payload 0x00000A00
Write/read-protected when secure mode is enabled in CS.

Secure mode connects those (8 * 256-bits) keys to the AES engine
32 8 OQSPI FW Decryption Keys Area — Index 0x000009E0
Eight entries for eight 256-bit keys

32 8 User Data Encryption Keys — Index 0x000009C0O
Eight entries for eight 256-bit keys

256 64 Signature Keys Area — Payload 0x000008C0

32 8 Signature Keys Area — Index 0x000008A0

2208 552 Customer Application Area 0x00000000

Secondary bootloader, Scratchpad, binaries, and so on

Using the Customer Application Area as a secondary bootloader is an option but the remapping and
SW reset should be programmed in the CS.

55.2 Keys and Indexing
There are three different groups of keys in the OTP:

e The OQSPI FW decryption keys group
e The user application symmetric keys group
e The signature keys group

The first contains the keys that can be used for decryption-on-the-fly while the CPU is executing code
in place from the FLASH with help of the cache controller. The second contains user-defined keys
that can/will be used by the application with help of the crypto block (AES accelerator). The last
contains public keys used for authentication of the FLASH image while booting (Secure Boot).

Each group has its own index section. There are eight entries in every index section, each entry is
initially OXFF. Every index entry corresponds to a 256-bit key. If an entry is written with 0x00, then the
respective key is revoked and hence not used anymore. Revocation is only done through the booter.

5.5.3 Customer Application Area

A 2 kB space can be used for a small secondary bootloader that runs a limited amount of software.
The system can be programmed to remap address zero to the OTP base address. So right after
booting, the CPU starts executing code from the OTP base address.
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5.6 Booting

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

Boot from cached OQSPI FLASH without secure features, configuration script in OTP

Boot from cached OQSPI FLASH without secure features, configuration script in FLASH

Boot from cached OQSPI FLASH with secure features, configuration scriptin OTP

e Boot from UART without FLASH or secure features

The booter will also detect available software updates and apply them according to the FLASH
header. Note that the booter cannot boot a flash image if the Product Header or the active image
partition is below the 128 Mbit address (0x1000000) in the flash. This happens because the flash
opcode that allows for reading addresses larger than 24 bits is not unified across all flash vendors.

The Boot flow is divided into five separate phases:

Initialization

Run configuration script
Retrieve application code
Device administration
Load image
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Figure 13: BootROM Flowchart
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56.1 Initialization

The initialization phase takes care of enabling the Power domains. Then it initializes the OTP
Controller, SPI flash 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 to be able to have the debugger on by default and update the device firmware using UART.
Next, it initializes the internal booter flags.

Finally, the booter initializes the UART (but not enable it yet) with the default settings, which can be
overwritten by the user, using the CS.

5.6.2 Configuration Script

This phase is to locate and execute the Configuration Script (CS) from OTP or FLASH. It is expected
to be at address 0x00000CQ0 in OTP, or at the start of the OQSPI FLASH. If none is found, the
booter just continues to the next step assuming that there is no configuration script in place.

The CS can be used to disable Development mode, which is set to true by the initialization phase of
the Booter by default. Once development is finished and security is needed, the Development mode
should be disabled.

The way a CS is detected is by looking at the location where it is expected and verifying if the CS
Start command is found. If a CS is found, either in OTP or FLASH, it will be parsed and executed. It
will stop parsing when any of the following happens:

e It reaches the stop command
e |t reaches the first empty entry
® |t reaches the maximum length

The stop command (0x00000000) is used to lock the CS and the booter will not evaluate any entries
after this command except the minimum FW version keyword. This can be used by the rollback
prevention feature to tell the booter the minimum allowed FW version it can accept. There can be
multiple entries, but only the one with the highest FW version number will be decisive.

After the CS is parsed it will evaluate the “use XTAL flag”. If not set in the CS, the booter will continue
the RCHS 32 MHz clock.

5.6.3 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, it will enable the Debug interface and try to boot from UART. If booting
from UART is successful, then it will issue an SW reset after having remapped address zero to RAM.
If not, then it will try to locate a valid FLASH header, trying to boot from FLASH.

If not in development mode, the booter will continue to the next phase after having identified a valid
product header in the FLASH. A valid product header is identified by a programmed “FLASH
programmed identifier” and an “Active FW Image Address”.

5.6.4 Device Administration

The device administration phase is used to check for pending updates and validate the FLASH
images. It also processes corresponding image headers and revokes keys, if needed.

The booter will check 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 FW validation is
executed to see if the image header is valid. If the secure boot bit is set by the CS, validation is
extended by identifying the public key, checking if the key is already revoked, and if not, proceeds
with invoking the Ed25519 verification algorithm.

After the verification algorithm is completed, the booter checks if the FW version in the image header
is acceptable by the minimum FW version stored in the CS. When the size is acceptable the image
will be authenticated, and the booter checks for any “key revocation record” in the FLASH image.
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This triggers the revocation of the key that is currently in use. Note that the key revocation requires
an OTP write as explained in Section 5.5.2.

5.6.5 Load Image

In this final phase, the actual FW image is loaded. This is done by setting up the OQSPI and cache
controllers and executing the OQSPI Loader, which is located in the Product header of the FLASH. If
secure boot is enabled, the OQSPI controller initializes to decrypt on the fly. The cache controller is
then configured to point to the interrupt vector table (copied in RAM) and address zero is remapped
to OQSPI FLASH. Any error condition during this or previous phases results in an HW reset.

5.7 Memory Map

The mapping of the system’s internal resources is presented in Table 81. Note that *_C defines a
Controller (registers) while *_M defines Memory (RAM) space. All resources are 32-bit aligned.

Table 81: Memory Map

Device Start Addr | End Addr Size (kB) | PD BUS Comments

Remapped 0 8000000 131072 | PD_SYS | AHB Remapped M33

Devices - code

IVT&others FO00000 F002000 8 PD_MEM AHB

ROM F020000 FO30000 64 PD_SYS Remapped at 0x0

SYSRAM (code) 10000000 10050000 320 PD_MEM

CACHE_RAM 10060000 10070000 64 PD_SYS AHB Remapped at 0x0

OTPC_C 10070000 10080000 64 PD_SYS AHB

OTPC_M 10080000 | 10090000 | 64 PD_SYS | AHB The first 4 kB
Remapped at 0x0
Locally decoded
in the CACHE.

CACHE_SYS_MO Used for

N_DATA 100B0000 100B2000 8 PD_SYS monitoring SYS
Cache Data (for
debugging)
Locally decoded
in the CACHE.

CACHE_SYS_MO Used for

N_TAG 100B2000 100B6000 16 PD_SYS monitoring SYS
Cache TAG (for
debugging)

CACHE_C 100C0000 | 100C0100 0.25 PD_SYS AHB

OQSPIF_C 16000000 17000000 16384 PD_SYS AHB
Remapped at
0x0. Support up

OQSPIF_M 18000000 20000000 131072 PD_SYS AHB t0 128 MB XiP
FLASH
The first 320 kB
have the same

SYSRAM (data) 20000000 20180000 1536 PD_MEM AHB physica| address
as SYSRAM
(code). RAM3
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Device Start Addr | End Addr Size (kB) | PD BUS Comments
and RAM1 can be
remapped at 0x0
MTB 20180000 20183000 12 PD_MEM
QSPIC2_C 26000000 27000000 16384 PD_CTRL | AHB
Supports up to
QSPIC2_M 28000000 30000000 131072 PD_CTRL AHB 128 MB PSRAM
AHB_DMA_B 30020000 30020400 1 PD_SYS AHB
LCD_C 30030000 30040000 64 PD_SYS AHB
AES_HASH_C 30040000 30050000 64 PD_SYS AHB
Same physical
CACHE_RAM 30060000 30070000 64 PD_SYS AHB address as
0x10060000
Same physical
OTPC_C 30070000 30080000 64 PD_SYS AHB address as
0x10070000
Same physical
OTPC_M 30080000 30090000 64 PD_SYS AHB address as
0x10080000
DCACHE_C 30100000 30104000 16 PD_CTRL | AHB
DCACHE_M 30104000 30108000 16 PD_CTRL | AHB
Same physical
OQSPIC_C 36000000 37000000 16384 PD_SYS AHB address as
0x16000000
Same physical
OQSPIC_M 38000000 40000000 131072 PD_SYS AHB address as
0x18000000
CMAC 40000000 40003200 125 PD_RAD AHB
RFCU 40003200 40003400 0.5 PD_RAD AHB
RFCU_POWER 40003400 40003600 0.5 PD_RAD AHB
DEM 40003600 40003A00 1 PD_RAD AHB
RFPLL is inside
SYNTH 40003A00 | 40004200 | 2 PD RAD | AHB PD_SYNTH, a
digital island in
the radio analog
RFMON 40010000 40010200 0.5 PD_RAD AHB
QSPIC_C 46000000 47000000 16384 PD _CTRL AHB
Supports up to
QSPIC_M 48000000 50000000 131072 PD_CTRL | AHB 128 MB ext
FLASH
CRG_TOP 50000000 | 50000100 | 0.25 PD_SLP | ATO%%
PDC 50000200 50000300 0.25 PD _SLP QE\;BVSZ_
DCDC 50000300 50000400 0.25 PD _SLP 35\332_
DCDC Booster | 50000500 | 50000600 | 0.25 PD_SLP QE\E‘/SZ'
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Device Start Addr | End Addr Size (kB) | PD BUS Comments
WDOG 50000700 | 50000800 | 0.25 PD_SLP | P83
RTC 50000800 | 50000900 | 0.25 PD_SLP 9'2332'

WKUP 50000900 | 50000A00 | 0.25 PD_SLP 32’332'
CMAC_SLP 50000A00 | 50000B00 | 0.25 PD_SLP | P83
CRG_VSYS 50000B00 | 50000C00 | 0.25 PD_SLP | P83
VAD 50000C00 | 50000D00 | 0.25 PD_SLP | £P8%%
TIMER 50010000 | 50010100 | 0.25 PD_TMR | £PB3%
TIMER?2 50010100 | 50010200 | 0.25 PD_TMR | £PB3%
TIMER3 50010200 | 50010300 | 0.25 PD_TMR | 5782
TIMER4 50010300 | 50010400 | 0.25 PD_TMR 3'3332'
TIMERS 50010400 | 50010500 | 0.25 PD_TMR 3'3332'
TIMERG 50010500 | 50010600 | 0.25 PD_TMR 3';\‘/3\/32'
PWMLED 50010600 | 50010700 | 0.25 PD_TMR | £PB3%
UART 50020000 | 50020100 | 0.25 PD_SNC 95332'
UART2 50020100 | 50020200 | 0.25 PD_SNC 35\332'
UART3 50020200 | 50020300 | 0.25 PD_SNC | £PB3%
SPI 50020300 | 50020400 | 0.25 PD_SNC 95332'
SPI2 50020400 | 50020500 | 0.25 PD_SNC 35\332'
12C3 50020500 | 50020600 | 0.25 PD_SNC | P83
12C 50020600 | 50020700 | 0.25 PD_SNC 9553/32'
12C2 50020700 | 50020800 | 0.25 PD_SNC | £P83%
GPADC 50020800 | 50020900 | 0.25 PD_SNC 3‘;&/32'
CRG_SNC 50020900 | 50020A00 | 0.25 PD_SNC | ATo%%
13C 50020C00 | 50020F00 | 0.75 PD_SNC | £P83%
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Device Start Addr | End Addr Size (kB) | PD BUS Comments
SNC_C 50021000 | 50021100 | 0.25 PD_SNC 3'3332'
CRG_AUD 50030000 | 50030100 | 0.25 PD_AUD 9'2332'
SRC1 50030100 | 50030200 | 0.25 PD_AUD 32’332'
SRC2 50030200 | 50030300 | 0.25 PD_AUD 3'3332'
PCM 50030300 | 50030400 | 0.25 PD_AUD 3'3332'
VERSION 50040000 | 50040100 | 0.25 PD_SYS 3';\‘/3\/32'
GPREG 50040100 | 50040200 | 0.25 PD_SYS | P83
Detection 50040300 | 50040400 | 0.25 PD_SYS | P83
CRG_SYS 50040400 | 50040500 | 0.25 PD_SYS | £P8%%
SDADC 50040500 | 50040600 | 0.25 PD_SYS | P83
SYSBUS_ICM 50040600 | 50040700 | 0.25 PD_SYS | P83
MEMCTRL_C 50050000 | 50050100 | 0.25 PD_MEM 3';\‘/3\/32'
GPIOMUX 50050100 | 50050300 | 0.5 PD_MEM | £PB3%
CRG_XTAL 50050400 | 50050500 | 0.25 PD_MEM | 47032
ANAMISC 50050600 | 50050700 | 0.25 PD_MEM 35\332'
CRG_CTRL 50060000 | 50060100 | 0.25 PD_CTRL | £PB3%
USB_C 51000000 | 51000200 | 0.5 PD_SYs | ATP%%
SPI3 51000200 | 51000300 | 0.25 PD_SYS | APB%%
GPDMA 51000400 | 51000600 | 0.5 PD_SYS gz;332-
CHARGER 51000600 | 51000700 | 0.25 PD_SYS ?an)?SZ_
CRG_GPU 51001000 | 51001100 | 0.25 PD_GPU gl:;%z-
GPU 51001100 | 51001300 | 0.5 PD_GPU | APB3
ARM Internal Bus | EO000000 | FFFFFFFF | 524288.0 | PD_SYS
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5.8 Busy Status Registers

The DA1470x has three 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. There are cases that more than one processing unit might request access to the same
peripheral controller. An example is when the SNC accessing a UART interface and the Application
Processor (Arm Cortex M33) wants to access the same UART controller.

To avoid race conditions and provide all three processing units with a robust way of identifying who
the owner of the peripheral is, a hardware mutex is implemented. The DA1470x has two 32-bit Busy
Status Registers (BUSY_STAT_REG, BUSY_STAT_REGZ2) which can be set/reset by using write-
only registers (BUSY_SET/RESET_REG, BUST_SET/RESET_REG2). This can eliminate the race
conditions from happening because only one processing unit can write (set or reset) the register at

any given time. Two bits are reserved per resource so that the value represents the owner of the
resource:

0x0: resource is available for use

0x1: resource is busy, controlled by the SNC MO+
0x2: resource is busy, controlled by the Cortex-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 82 and Table 83 show a possible configuration for the two BSR registers.

Table 82: Busy Status Register 1

31-30 | 28- 26- | 24- 22- | 20- 18- 16- 14- 12- | 10- | 89 6-7 |45 |23 |01 Bit
29 27 25 23 21 19 17 15 13 11
8 8 S ] = = ] N ™ o ﬁ fl‘ = E
O O @] = = o o [}
< < gl | 0|0 | e | Q|8 |ala|la|H|lx| x| =
o

Table 83: Busy Status Register 2

31-12 10-11 8-9 6-7 4-5 2-3 0-1 Bit

Timer6
Timer5
Timer4d
Timer3
Timer2
Timer
controller

RESERVED

Note that BSRs are in the PD_MEM power domain, which is automatically activated if one of the
three masters is alive. However, if the system is in sleep, these registers are not retained, and their
contents need to be restored from retention RAM.

5.9 Remapping

Remapping options are explained in Table 84.

Table 84: Remapping Options

Remap Field in the SYS_CTRL_REG - 3 bits

0x0 Remap ROM to address 0

0x1 Remap OTP to address 0

0x2 Remap FLASH cached area

0x3 Remap SysRAM1 to address 0
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0x4 Reserved
0x5 Remap SysRAM3 to address 0
0x6 Remap to CACHE_DATA_RAM
0ox7 Reserved

In the case of FLASH cached (default use case), CACHE_FLASH_REG contains the base address,
the offset, and the size of the FLASH image.

5.10 Security Features
The DA1470x supports a number

of security features that can be configured. This is done using the

configuration script to program the following write-one-only (sticky) register bits (Note that these bits
can only be reset by HW or POReset).

Table 85: Security Configuration Options

Bit Field

Description

FORCE_M33_DEBUGGER_OFF

This bit will permanently disable the M33 debugger

FORCE_CMAC_DEBUGGER_OFF

This bit will permanently disable the CMAC debugger

PROT_OQSPIF_KEY_READ

This bit will permanently disable CPU read capability at OTP offset
0x00000B00 and for the complete segment (see Table 80)

PROT_OQSPIF_KEY_WRITE

This bit will permanently disable ANY write capability at OTP offset
0x00000B00 and for the complete segment (see Table 80)

PROT_AES_KEY_READ

This bit will permanently disable CPU read capability at OTP offset
0x00000A00 and for the complete segment (see Table 80). The AES
sections are only used by the application SW, but protecting the key
area from read/write makes it secure after leaving the manufacturing
facilities

PROT_AES_KEY_WRITE

This bit will permanently disable ANY write capability at OTP offset
0x00000A00 and for the complete segment. The AES sections are
only used by the application SW, but protecting the key area from

read/write makes it secure after leaving the manufacturing facilities

PROT_SIG_KEY_WRITE

This bit will permanently disable ANY write capability at OTP offset
0x000008CO0 and for the complete segment (see Table 80). This is
for protecting public keys from being written (used by ECC only)

SECURE_BOOT

This bit will enable authentication of the image in the FLASH while
the system is booting and expect the image to be encrypted

FORCE_SNC_DEBUGGER_OFF

This bit will permanently disable the SNC (M0+) debugger

PROT_CS_WRITE

This bit will permanently disable ANY write capability at OTP offset
0x00000C00 and for the complete segment of the CS (see Table 80)

5.10.1 Secure Keys Manipulation

This feature allows for programming up to eight different 256-bit symmetric keys for each of the
encrypted images or the user application cases and up to eight different 256-bit ECC keys for the
authentication of the FLASH image. A revocation mechanism is supported through the booter as
explained in previous sections allowing for changing the current key of any of the three operations

while the product is in the field.

5.10.2 Secure Boot

The feature is enabled by programming the SECURE_BOOT_REG[SECURE_BOOT] bit in the

configuration script in the OTP.
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This forces authentication of the FLASH image before booting is finished. The booter code
configures the RCHS clock to 96 MHz and then executes the Ed25519 verification algorithm. If the
generated signature and the signature are stored in the FLASH match, authentication is successful,
and booting is continued. If not, an HW reset is issued.

The aforementioned process represents the “FW Validation” state in Figure 13.

5.10.3 Secure Access

Permanently disabling the JTAG interface, prevents unwanted access to the DA1470x. This is done
by programming the SECURE_BOOT_REG[FORCE_DEBUGGER_OFF] in the configuration script.
This disconnects the SWD signals from the CPU’s SWD controller.

Except for the sticky bit, the debugger has its own enable bit; namely, the
SYS_CTRL_REG[DEBUGGER_ENABLE] which is by default disabled. This bit is enabled during
booting, at the “Retrieve Application Code” phase (see Figure 13).

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.

5.10.4 Validation

Every device can be uniquely identified using the Position, Package, and Time Stamp information put
in the configuration script during the production test. 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.

5.10.5 Cryptography Operations

The DA1470x is equipped with HW acceleration for supporting all modern cryptography operations.
More specifically, it comprises:

e A 128/192/256-bit 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 up to SHA 512 bits

A real True Random Number Generation that is capable of generating 1024 random bits in 64k clock
cycles is implemented in the software.
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6 Power
Device DA14701 DA14705 DA14706 DA14708
Feature Availability 4 v v v

6.1 Introduction

The DA1470x has a completely integrated Power Management Unit (PMU). This includes a Single
Inductance Multiple Output (SIMO) DC-DC converter with four outputs, a DC-DC boost converter, a
number of LDOs for the different power rails of the system, a Constant-Current-Constant-Voltage
(CCCV) charger for battery recharging, a charge detection circuit, and power path management.
The PMU can supply external devices even when the DA1470x is in sleep mode. Figure 14 shows
the system diagram of the analog Power Management Unit (PMU).

Features
m  Synchronous Single Inductance Multiple Output Buck DC-DC converter with four output power
rails
o Active during sleep mode with low quiescent current
o Internal 1.2 V and 1.4 V rails
o One output at 1.8 V with 100 mA load capability for powering external devices
O

One output programmable at 1.2 V or 1.8 V with 100 mA load capability for powering external
devices

m  Boost DC-DC converter at4.5Vto5V
o 150 mA load capability
o Duty cycled during sleep mode with 300 pA maximum load capability
Active and Sleep modes current limited LDOs
CC/CV Charger
O Battery/die-temperature protection according to JEITA
o Hardware charge detection FSM
o Protection of charging register in control of charging characteristics
m Power path management
o Decoupling of VSYS and VBAT to avoid system loads on the battery while charging
O 1 Acapably VSYS node
Control over and undershoots on rails within specific boundaries
Battery check circuit for calculating internal resistance
Power rails fast discharge, to power cycle external components supplied by these rails
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Figure 14: Power Management Unit Architecture

Note that all decoupling capacitor values listed in Figure 14 are effective values.
6.2 Architecture

6.2.1 Low IQ SIMO DC-DC Converter

The SIMO DC-DC converter supplies the V18, V18P, V14, and V12 rails. It can supply 100 mA to
both 1.8 V rails, up to 100 mA to the digital core, and 20 mA to the radio, and has a quiescent current
of less than 1 pA typical.

A block diagram of the converter is shown in Figure 15. It consists of four low-power continuous-time
comparators that monitor the output rails and compare directly to reference voltages from the
bandgap. These references are continuously generated in active mode and are maintained using a
sample and hold structure during sleep operation.

When an undervoltage is detected, the asynchronous controller places it in a FIFO buffer and
triggers activation of the P side switch and appropriate output select switch. The P side switch is kept
closed until either the undervoltage is no longer present on the rail in question or the maximum
allowable inductor current is reached. It then opens the P side switch and closes the N side switch.

Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 123 of 1019 © 2022 Renesas Electronics



RENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

DA1470x

This switch opens together with the output select switch when the inductor current reaches zero, and
then the converter enters idle mode.

At that point, the FIFO buffer in the controller is shifted by one position and if another output is
gueued, a new charge cycle is triggered, and so on.
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Figure 15: SIMO Buck Converter Block Diagram
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6.2.2 Boost DC-DC Converter

Device DA14701 DA14705 DA14706 DA14708

Feature Availability X v v v

The boost converter is supplied by VSYS and steps up the battery voltage to the selected output
voltage when needed. If the VSYS voltage becomes too high and is close to the booster output
voltage, then it is bypassed. The decision is based on the VSYS domain comparator. The VSYS
comparator threshold level is selectable and “tracks” the booster programmed output voltage level.

The booster can drive up to 150 mA current in normal conversion mode and up to 300 pA in sleep-
mode operation.

The supply pin (VLED) is supplied by either the boost converter in active conversion mode or when
the VSYS is near VLED, the boost converter is bypassed by keeping the high-side power active. In
low-power sleep-mode operation, a dedicated switch (described in Section 7) is available to directly
connect VLED and VSYS when VSYS becomes too close to VLED.

Figure 16 shows the block diagram of the Boost DC-DC Converter.
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Figure 16: DC-DC Boost Converter Block Diagram

Figure 17 shows the way of working. The orange curve shows the current through the inductor. In the
first phase, the NMOST is conducting and the current is ramping up until a predefined limit. In the
second phase, the PMOST is conducting and the current goes into the load. The zero crossing of the
current is detected and the PMOST switch is opened. The next charging cycle starts when the output
voltage (blue line) drops below a predefined level.

w—\ O] ] | 1 LOAD

t [l

Figure 17: DC-DC Boost Principle

Note that there is no backdrive diode in the series with the booster. That means VLED output is pre-
charged to almost VSYS’s level and it cannot drop lower than VSYS - 0.7 V.
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6.2.3 Analog Switch

The Analog Switch is responsible for controlling the supply source of the VLED pin output. The two
available power sources are the DC-DC boost converter and the VSYS pin. The switch is primarily
controlled by an HW FSM but it can always be overridden by SW.

The FSM includes the following features:

Uses the systems comparator (Vsvs_near_viep) to check if a VSYS voltage is near VLED
A debouncing scheme of 256 steps, 10 ms each step

Debouncing threshold register, configurable

Enable/disable the FSM

Assuming that VSYS is available, the debouncing scheme is triggered to wait for the programmable
amount of time before re-sensing the comparator’s output. If VSYS is still near VLED after this time,
the switch connects the VLED to the VSYS pin. Otherwise, it keeps connecting the VLED to the
Boost converter.

6.2.4 LDOs

The DA1470x includes LDOs to provide a stable power supply to specific rails. The LDO_V30
supplies the V30 rail from VSYS with a 3.0 V/3.3 V output setting. Uses the bandgap as reference
voltage when the system is started up and VDD during boot, because the bandgap is supplied from
V30 which would result in a deadlock. The output is back-drive protected and high-impedance when
disabled.

The LDO_V30_RET is a low-power LDO that supplies the V30 rail from VSYS in sleep mode (or in
active mode at low load). It supports the 3.0 V/3.3 V output setting and the output is back-drive
protected and high-impedance when disabled. Finally, the LDO_START supplies the V12 rail from
V30 only during start-up and the output is high impedance when disabled.

6.2.5 Vsys Generation

Vsys is the main supply for the system as all other rails are supplied from Vsys in active. The function
of the Vsys generation block is to generate Vsys from either Vbat and/or Vbus and make sure that
when a switch from/to Vbat/Vbus is made, no dips occur.

The Vsys generation block consists of two subblocks, namely LDO_VSYS and SWITCH_VBAT.
LDO_VSYS is enabled when Vsys is generated from Vbus and SWITCH_VBAT is enabled when
Vsys is generated from Vbat.

LDO_VSYS is dependent on the bandgap for a voltage reference and a stable 1 pA reference. Its
supply is Vbus. The output voltage of LDO_VSYS is setto 4.8 V. LDO_VSYS can only be enabled
when Vbus > Vbat and has a configurable current limit to set the maximum current drawn from Vbus,
it is programmable from 0 to 1 A with 10 mA steps.

SWITCH_VBAT is biased by a 10 nA current reference and its supply is Vbat. The quiescent current
of SWITCH_VBAT is low (~40 nA) as it is on during sleep.

The maximum current that can be drawn from Vsys is 1 A, therefore the maximum Ron from Vbat to
Vsys is 0.3 Q, while the maximum Ron from Vbus to Vsys is 0.5 Q.

NOTE

A user should always make sure that VSYS level (POWER_LVL_REG[VSYS_LEVEL]) is always higher than
V_CHARGE level + 200 mV (CHARGER_VOLTAGE_PARAM_REGI[V_CHARGE])).
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6.2.6 Low Power Clamps

The Low Power Clamps (LPCs) consists of two clamps, namely CLAMP_V30 and CLAMP_V12. The
clamps do not use a voltage reference and are biased with 10 nA current. The CLAMP_V12 supplies
the PD_AON during hibernation and cold boot. The CLAMP_V30 is used to generate the supply for
the bandgap block during cold boot. The CLAMP_V30 is controlled by hardware, whereas
CLAMP_V12 is always on. Both clamps can supply an output current of 1 mA.

The clamps are supplied by a max selector that selects either Vbus or Vbat as the supply, whichever
is the highest.

6.2.7 Charger

Device DA14701 DA14705 DA14706 DA14708

Feature Availability x v v v

The battery charger is suitable for charging different types of batteries (Li-phosphate, Li-Co, Li-Mn,
NMC, NCA). The charger uses an internal pass-device, which limits the external components to a
minimum. Only external buffer capacitors (at VBUS and VBAT) and a temperature-sensor string
(NTC + Rseries) are needed.

The charger has a CCCV (Constant Current Constant Voltage) architecture and has battery
temperature, chip temperature, and overvoltage protection. Extra safety is obtained by
programmable timers which limit the charge time. The charger also fully supports JEITA charging.
The programmable charge levels are between 2.9 and 4.8 V while the charge currents can be set
between 0.5 to 72 mA (pre-charging) and 5 to 720 mA (normal charging).

Enabling, disabling, and functional states of the charger are controlled by an HW state machine;
exceptions and error handling are done via software on an interrupt basis. All the protections and
loops for current, voltage, and temperature are autonomous and implemented in hardware. There are
status signals towards the system for Charge state (Pre-charge, CC-mode, CV-mode, End of
Charge) Die-temp protection, Bat-temp protection, Bat-temp measurement, and Error state. In this
way, the software can track what is going on in the charger, but the functionality of the charger
doesn’t require a time-based software interaction. The charger also has a setting in which the control
can be fully taken over by software if desired (Bypass mode).

A battery temperature sense function is embedded, which uses an external NTC resistor (either in
the battery pack or on the PCB, to make the charger JEITA compliant. This function determines in
which temperature zone the battery is (temperatures are programmable) and for each zone, the
charge level and charge current can be programmed (over the full range). If the battery is too cold or
too hot it will disable the charging. The internal die-temperature protection disables charging when
the measured die temperature exceeds the programmed value.

The essential measurement circuits for measuring the Battery voltage and Charge current are in the
internal hardware; the GP_ADC is not needed. The charger uses the bandgap reference voltage
(1.2 V) and an internal reference current (also obtained from the bandgap). These references are
trimmed in production for optimal accuracy.

The actual charger HW FSM is presented in Figure 18.
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Figure 18: Charger FSM

6.2.7.1 Battery Temperature and JEITA

The JEITA standard defines a battery temperature-dependent charge profile. In the normal
temperature range, the charge current and voltage are at the maximum level for the selected battery.
Above and below this normal temperature range, there are two ranges in which the current (and
optionally voltage) is reduced. At very low and very high battery temperatures, charging is stopped
altogether. The battery temperature is determined using the NTC in the battery pack. This NTC is
placed in series with an external resistor and a voltage is applied across them, creating a voltage
divider. The output of this divider is compared to an internal reference that is created using a
programmable resistor ladder that mimics the behavior of the NTC/resistor combination and has
programmable taps at ~1 °C intervals. The min and max temperature values can be adapted based
on the external R1 resistor (for example, for 12 kQ R1 resistor the range is from -5 °C to +60 °C). The
NTC battery monitoring connections are shown in Figure 19.
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Figure 19: NTC Battery Monitoring Connections
The Battery temperature monitoring FSM (JEITA_FSM) is illustrated in Figure 20.
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Figure 20: Battery Temperature Monitoring FSM

Errors and Flags

The following error conditions can be detected:

Pre-charge timeout

CC Charge timeout

CV charge timeout

Total charge timeout

Battery over-voltage

Die temperature protection (error flag but not error state)

Tbhat_ HOT and That_COLD: Meaning that the Battery temperature is not OK
Vbus available: Meaning that VBUS has been removed

The voltage and temperature errors have a direct path to shut down the charger loop. This is done to
make these functions robust and independent of logic and the clock.

The error flags are debounced before triggering a state change. Moreover, dedicated error handling
routines can start on the assertion of these debounced signals.

Table 86 describes the error flags and when they are asserted.
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Error IRQ When Remarks
TBAT_ERROR Battery temperature is External NTC sensor needed; Activated by
either “HOT” or “COLD”. “TBAT_PROT_ENABLE”". An error directly
disables charging (direct hardware path).
TDIE_ERROR Die temperature above Protection can be disabled by making

the threshold.

“TDIE_PROT_ENABLE” = 0. An error directly
disables charging (direct hardware path).

VBAT_OVP_ERROR

Battery voltage above
OVP-level.

Protection cannot be disabled. An error directly
disables charging (direct hardware path).

TOTAL_CHARGE_TIMEOUT

Total time, spent in
charge modes exceeds
the programmed
maximum time.

Maximum time can be set in the range from 1
to 65535 seconds. Effective Charge time can
be different from the counted time when
“CHARGE_TIMERS_HALT_ENABLE” is 0 or 1.

CV_CHARGE_TIMEOUT

Time, spent in CV mode
exceeds the programmed
maximum time.

Maximum time can be set in the range from 1
to 32767 seconds. Effective Charge time can
be different from the counted time when
“CHARGE_TIMERS_HALT_ENABLE” is 0 or 1.

CC_CHARGE_TIMEOUT

Time, spent in CC mode
exceeds the programmed
maximum time.

Maximum time can be set in the range from 1
to 32767 seconds. Effective Charge time can
be different from the counted time when
“CHARGE_TIMERS_HALT_ENABLE” is 0 or 1.

PRECHARGE_TIMEOUT

Time, spent in the
PRECHARGE mode
exceeds the programmed
maximum time.

Maximum time can be set in the range from 1
to 32767 seconds. Effective Charge time can
be different from the counted time when
“CHARGE_TIMERS_HALT_ENABLE” is 0 or 1.

The flags are debounced with 1 MHz clock.

Upon a timeout or overvoltage or a Vbus problem, the FSM goes to the “Error” state. At this point the
charger is disabled, and an IRQ is generated. An interrupt status register contains information on
which error occurred to trigger the IRQ.

6.2.7.3 Timers

Four timers are running on a base clock of 1 Hz:

Total charge time is up to 10.5 hours; for this reason, it is 16 bits
Pre-charge time is up to 6 hours; for this reason, it is 15 bits

CC mode charge time is up to 6 hours; for this reason, it is 15 bits
CV mode charge time is up to 6 hours; for this reason, it is 15 bits

Timers are cleared in EoC when leaving the DISABLED state.

6.2.7.4 Interrupts

There are interrupts generated for each transition in the FSM regarding normal charging. This is

done to make it possible for the software to monitor the charging process and take action when this
is needed for the application.

Table 87 gives an overview of these “CHARGER_STATE_IRQ” signals:
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Table 87: Overview of Charger State Transition Interrupts

State IRQ

When

Remarks

CV_TO_PRECHARGE

“1” when charger FSM switches from
CV_CHARGE to PRE_CHARGE

This transfer is unlikely to happen
under normal conditions.

CC_TO_PRECHARGE

“1” when charger FSM switches from
CC_CHARGE to PRE_CHARGE

Happens when the battery voltage
drops below the V_PRECHARGE
level.

CV_TO _CC

“1” when charger FSM switches from
CV_CHARGE to CC_CHARGE

Happens when the battery voltage
drops and the CC loop becomes
dominant.

TBAT_STATUS_UPDATE

“1” when the battery temperature
monitoring FSM has been checked and
the TBAT_STATUS register field has
been updated.

TBAT_STATUS does not need to
be changed; it is just refreshed
(could be refreshed with the same
value).

TBAT_PROT_TO_
PRECHARGE

“1” when charging is resumed because
the battery temperature is recovered
from a HOT or COLD condition.

TBAT_PROT_ENABLE needs to be
high and for COLD condition,
NTC_LOW_DISABLE must be low.

TDIE_PROT_TO_
PRECHARGE

“1” when charging is resumed from a
die-temperature error condition.

TDIE_PROT_ENABLE and
TDIE_ERROR_RESUME need to
be high.

EOC_TO_PRECHARGE

“1” when charging is resumed from out
of the EOC state.

Happens when the battery voltage
drops below the V_REPLENISH
level.

from CC_CHARGE to CV_CHARGE.

CV_TO_EOC “1” when charger FSM has moved from | Happens when the charge current
CV_CHARGE to EOC. drops below the programmed EOC
level.
CC_TO_EOC “1” when charger FSM switches from This transfer is very unlikely to
CC_CHARGE to EOC. happen under normal conditions.
CC_TO_CV “1” when the charger FSM has moved Happens when the battery voltage

rises and the CV loop becomes
dominant.

PRECHARGE_TO_CC

“1” when the charger FSM moves from
PRECHARGE to CC_CHARGE

Happens when the battery voltage
rises above the programmed
V_PRECHARGE level.

DISABLED_TO_ “1” when charger FSM moves from the There may be no voltage or
PRECHARGE DISABLED state to PRECHARGE. temperature error conditions,
VBUSAVAILABLE and
CHARGE_START must be high.
6.2.7.5 Charger Registers Protection

This block implements a mechanism to protect the battery charger settings to avoid out-of-spec
charging which may lead to the physical breakdown of the system. The charger settings must be
protected from firmware writing out-of-spec values to the V-I-T parameters of the charger.

There are two levels of protection implemented:

e Permanent protection. This level locks write access to specific registers once and for all

e Flexible protection. This level allows for locking/unlocking specific registers by programming
special sequences of words. It only applies to registers not hardened by the Permanent

Protection

The overall architecture for the protection mechanism is presented in Figure 21.
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FSM registers, the following sequences
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Flex Protection Register LOCK UNLOCK
Sequence Sequence
-0x3768 - Ox756E “un”
-0x8673 - 0X6C6F “lo”
-OxDEAD - 0x636B “ck”
APB BUS

Figure 21: Charger Protection Mechanism Diagram

There is a state machine that evaluates any data written into the CHARGER_SWLOCK_REG
address. If the data values conform to the sequence as illustrated in Figure 21, then the FSM asserts
a signal (FlexProt_Out) designating lock/unlock. Note that, this signal is asserted, meaning that the
registers become by default software protected as soon as the “Sticky” bit 15 of
CHARGER_LOCK_REG is also set to 1.

Sticky-bit 15 is used to permanently enable flexible protection. That enables programming the
registers at boot time by the Configuration Script (CS), then enables flexible protection (which is by
default activated).

6.2.8 Charger Detection

Device DA14701 DA14705 DA14706 DA14708
Feature Availability x v v v

The USB controller has built-in hardware to determine the charger type to which it is connected.
Depending on the charger type, battery state, and USB connection state, a defined current can be
drawn from the charger. The main features of the charger detection circuit are listed below:

e Complies to “Battery Charging Specification” Revision V1.2 December 7, 2010 (BC1.2)

Charger type detection: Dedicated Charging Port (DCP), Charging Downstream Port (CDP),
Standard Downstream Port, PS2 port, and Proprietary charger

e Dead battery provision
e Compatible with various smartphone chargers
The details of the charger detection circuit are shown in Figure 22.
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Figure 22: Charger Detection Circuit

The USB interface supports battery charging with the following hardware blocks as shown in Figure
22:

e A voltage source of 0.6 V can be switched to USBP or USBN with CHG_DET_SW_CTRL_REG
bits VDP_SRC_ON resp. VDM_SRC_ON

e A current sink of 100 uA can be switched to USBP or USBN with CHG_DET_SW_CTRL_REG
bits IDP_SINK_ON resp. IDM_SINK_ON. (Note that internal logic prevents both switches from
being enabled at the same time)

e A current source Ipp_src and Rom_pwn can be enabled with bit IDP_SRC_ON of the
CHG_DET_SW_CTRL_REG

® Alogic level Schmitt trigger is used for USBN, USBP read in USB_CHARGER_STAT_REG bits
USB_DM_VAL, resp. USB_DP_VAL logic level (0: <0.8 V 1: >2 V)

e A comparator output CHG_DET read in USB_CHARGER_STAT_REG[USB_CHG_DET] to
detect a level of 0.4 V < USBN < 1.5 V to indicate that a DCP or CDP is connected

e A comparator output DCP_DET read in USB_CHARGER_STAT_REG[USB_DCP_DET] to detect
alevel of 0.4 V < USBP < 1.5 V to indicate that a DCP is connected

Initially, all bits of CHG_DET_SW_CTRL_REG must be set to reset value 0.
The presence of VBUS can be checked by reading bit ANA_STATUS_REG[VBUS_AVAILABLE].

The charger detection hardware can operate in polling mode or can generate a USB interrupt to the
Cortex'M33. A change in one of the bits [3:0] of register USB_CHARGER_STAT_REG sets bits
USB_MAEV_REG[USB_CH_EV] if the corresponding bits [7:4] are set to 1. If
USB_CHARGER_STAT_REG is read, bit USB_CH_EV interrupt is cleared. The interrupt “set”
conditions have priority over the “clear” condition of the read access.

6.2.8.1 Contact Detection

If CHG_DET_SW_CTRL_REG [IDP_SRC_ON] is set, bit
USB_CHARGER_STAT_REG[USB_DP_VAL] indicates that the data pins make contact (see Table
88). It is the responsibility of SW to wait until the USBN and USBP contact bouncing is finished
before the register is read.
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Table 88: USBP, USBN Contact Detection

Port USBP USBN USB_DP_VAL
Nothing Connected >1.5V 0 1
Standard Downstream <0.8V 0 0
Dedicated Charger <0.8V <0.8V 0
Charging Downstream <0.8V <0.8V 0

6.2.8.2 Primary Charger Detection

Primary charger detection is used to detect whether the downstream port has charging capabilities or
not. The detection is initiated by setting bits CHG_DET_SW_CTRL_REG [VDP_SRC_ON] and
CHG_DET_SW_CTRL_REG [IDM_SINK_ON]. This enables the voltage source VDP_SRC on USBP
and the current source IDM_SINK on USBN. The measured levels on USBP and USBN shown in
Table 89 determine the value of bit USB_CHARGER_STAT_REG[USB_CHG_DET].

Table 89: Charger Type Detection

Port USBP USBN USB_CHG_DET
Dedicated Charger 0.6V >0.4V<1l5V 1

Charging Downstream 06V First <0.25 V then 0.6 V 0 then 1 after 1 ms — 20 ms
Standard Downstream 06V 2V 0

PS2 2V 0

Note that, if the charger detection is done before enabling the charging downstream port Vom_src (SO
before 20 ms), a standard downstream port is detected, which is safe but incorrect. When the
Vbwm_src is enabled in the charging downstream port, a charger port is detected.

6.2.8.3 Secondary Charger Detection

Secondary charger detection can be used to distinguish a dedicated charger or a charging
downstream port. The detection is initiated by setting bits CHG_DET_SW_CTRL_REG
[VDM_SRC_ON] and CHG_DET_SW_CTRL_REG [IDP_SINK_ON]. This enables Vom_src and
Iop_sink. The difference between a DCP and a CDP is shown in Table 90.

Table 90: Secondary Charger Detection

Port USBP USBN USB_DCP_DET
Dedicated Charger >04V<1l5V 0.6V 1
Charging Downstream <0.25V 0.6V 0

6.2.8.4 Smartphone Charger Detection

The battery charger detection circuit can detect smartphone chargers with the characteristics shown
in Table 91.

Table 91: Smartphone Charger Characteristics

USBP USBN Load Current
20V 20V Up to 500 mA
20V 29V UptolA
29V 20V Upto2 A
29V 29V Not defined
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The smartphone charger circuit can be enabled by the USB_CHARGE_ON bit of the
CHG_DET_SW_CTRL_REG register. The results of the detection are available on the
USB_CHARGER_STAT_REG register.

6.2.8.5 Charger Detection HW FSM

The DA1470x includes an HW FSM for the charger detection process. This FSM is responsible to
perform the Contact, Primary Contact, and Secondary Contact detections without any software
intervention. The Charger detection HW FSM also supports bypass operation for full SW
implementation of the detection process. The HW FSM is shown in Figure 23.

START

ATTACHED |——» Enable IDP_SRC_ON

}

DATA CONTACT
DETECTION

l

PRIMARY CONTACT
DETECTION

le——— Check USB_DP_VAL

I Enable VDP_SRC_ON & IDM_SINK_ON

le——— Check USB_CHG_DET

Is
CDP/DCP
SECONDARY > Enable VDM_SRC_ON & IDP_SINK_ON

CONTACT DETECTION

[«——— Check USB_DCP_DET

Figure 23: Charger Detection HW FSM

6.2.9 Battery Check

The Battery Check (BATCHECK) features a programmable VBAT load current, which can be used to
modulate the battery (Figure 24). The constant load is a programmable current source from 0 to

8 mA in steps of 1 mA. The accuracy is +/-2.7 %. The internal resistance of a battery can be
monitored in this way.

VBAT

V30

Output Load
Settings 0mA ... 8 mA

8 mA max

Figure 24: Battery Check Block Diagram
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The Battery Check contains the following functional blocks:

e Output load setting. Input is an accurate reference current from a bandgap; outputs are a number
of (mirrored) currents

e High gain op-amp

e Matched resistor network

It provides a reference current, coming from the bandgap, which is mirrored into a selectable output
current(s). This current is routed through a resistor, resulting in a reference voltage on the positive
input of the op-amp. Due to the negative feedback and the high gain, the op-amp in combination with
the output transistor forces the same voltage on the negative input as well as over the output resistor,
resulting in the selected output load current.

Register BATCHECK_ REG controls the setting, fine-tuning, and feature enablement.

6.2.10 Rails Discharge

The power rails have a software-controlled discharge capability that practically uses multiple NMOS
transistors to rapidly discharge the external decoupling capacitors. This feature enables power
cycling of the external components when the system is resetting.

BOOSTDCDC ——— L~

VBUS

[ >—
Vsys Vsys LDO_V30 £>

VBAT Generation LDO_V30_RET 20 mAA[l
\ L

V12 Voo VDD1VE
<}

20 mA—
vi4 Vradio SIMO DCDC Vext = VvoD1vVep
20 mA {1 20mA |

= = VDD1V8F
2 mA4g

Figure 25: Transistors for Discharging Rails by SW

There is a hardwired configuration for the allowed discharging current of each rail which is either 2 or
20 mA. The proposed configuration for the discharging elements is illustrated in Figure 25.
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7 Power Domain Controller (PDC)

Device DA14701 DA14705 DA14706 DA14708

Feature Availability 4 v v v

7.1 Introduction

The Power Domains Controller (PDC) is a block responsible for taking action after waking up or before
going to sleep with regard to the power domains of the system. It follows the Analog PMU FSM for
start-up/wake-up and it is preceding the Goto sleep FSM. It is a digital hardware state machine that
defines in a flexible and programmable way:

e Which master, power domains, and clocks to activate or enable after a wake-up trigger occurs
e If the system is allowed to go to sleep (switching off everything)

The PDC can be triggered by GPIOs (programmable level, any Px_y), general-purpose timers, RTC,
the MAC timer, VBUS or SWD presence, or by a Software trigger issued by one of the three masters
of the system (Cortex-M33, CMAC Cortex MO+ or SNC Cortex M0+).

Features

m 16 places of 13-bit words Look-Up Table (LUT) for defining what the system should do upon any
wake-up trigger

m Triggers from |Os, internal timers/controllers, or SW
m  Triggers from internal diagnostic signals
m  Monitors if a power domain is actively used by any master before shutting it down
m Allows the system to go to sleep if all masters’ domains are off
m  System wake-up can be overridden by accessing the PMU_CTRL_REG
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Wake Up  L/trig_ip—
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Figure 26: Power Domain Controller Block Diagram
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7.2 Architecture

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

The format of the LUT is presented in Table 92.

Table 92: PDC LUT format

Bit Function
0 if 0x00 then PO if 0x01 then P1 if 0x02 then P2
1 GPIO GPIO GPIO if 0x03 then Peripheral
0 2 Pin_ID Pin_ID Pin_ID Periph_ID0O
% 3 Pin_ID Pin_ID Pin_ID Periph_ID1
= 4 Pin_ID Pin_ID Pin_ID Periph_ID2
5 Pin_ID Pin_ID Pin_ID Periph_ID3
6 Pin_ID Pin_ID Pin_ID Periph_ID4
7 Enable XTAL32M
s 8 Enable PD_TMR
g 9 Reserved
‘;‘3 10 Enable PD_SNC (Needed for using the serial interfaces)
= 11 Wake-up Master_ID
12 Wake-up Master_ID

The depth of the LUT is 16 places, so the system supports up to 16 different wake-up configurations
but could be changed dynamically by application software.

Four different trigger types are evaluated when a trigger comes according to the value on bit0 and bitl
of each LUT entry:

If Bits [1:0] = 00 then it is a GPIO toggle from PO. Bits [6:2] contain the pin number that triggered
If Bits [1:0] = 01 then it is a GPIO toggle from P1. Bits [6:2] contain the pin number that triggered
If Bits [1:0] = 10 then it is a GPIO toggle from P2. Bits [6:2] contain the pin humber that triggered

If Bits [1:0] = 11 then it is a trigger from some peripheral. Bits [6:2] define the peripheral
according to Table 93

Table 93: Peripheral Trigger Encoding

ID (Decimal) | Peripheral

0 Timer

Timer2

Timer3

Timer4

Timer5

Timer6

RTC Alarm/Rollover

RTC Timer
MAC Timer || SYS2CMAC_IRQ

O N O 0|~ [W|IN|PF
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ID (Decimal) | Peripheral

9 VAD
10 XTAL32MRDY_IRQ
11 RFDIAG_IRQ
12 VBUS Present IRQ || Debounced IO || JTAG IRQ
13 CMAC2SYS_IRQ
14 SNC2SYS_IRG
15 Software Trigger
16 GPIO PO
17 GPIO P1
18 GPIO P2
19 CMAC2SNC_IRQ
20 SNC2CMAC_IRQ
21 SYS2CMAC_IRQ
22 SYS2SNC_IRQ
23 SYS2SNC_IRQ || CMAC2SNC_IRQ
24 SNC2SYS_IRQ || CMAC2SYS_IRQ

25-31 Reserved

The IDs 16, 17, and 18 are indicating that an OR of the specific GPIO port is the trigger for an action.
That OR also respects the mask register of the wake-up controller before generating the respective
signal towards the PDC.

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:

Enable the XTAL32MHz. This bit is set if clock precision is required by the application (for
example, Bluetooth® LE operation, USB operation which needs the PLL48, and high-performance
mode which needs the PLL160). Note that, the PDC state machine only enables the XTAL32MHz
block but switching the system clock to the XTAL32M is not done. This has to be done by
software. Since multiple masters might want to switch to XTAL32, 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 deep sleep

Enable PD_TMR or PD_SNC. The PD_SNC is needed for using the serial interfaces. The
PD_MEM is always enabled since all masters are using this power domain. This can be used if
the M33 needs to access a serial interface in the PD_SNC without woken up the ARM Cortex
MO+ in the PD_SNC

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 encoding is presented in Table 94

Table 94: PDC Masters Encoding

ID Master
0 Reserved
1 Cortex M33
2 CMAC MO+
3 SNC MO+
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Note that when the SW trigger is used, a master that wants to wake up another master should write
(SW) to the internal (PDC) register storing the PENDING directly rather than trigger interrupt lines.
The PENDING register is protected with a SET hardware mechanism to avoid race conditions. The
usage of activating the PDC PENDING register through the SW trigger is limited to a specific PDC
entry. By using triggers 19-24 (see Table 93) any master can trigger the other two through the PDC,
by using the SYS_IRQ_CTRL_REG.

7.2.1 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 three masters indicating that they have finished what
they were triggered to do. The latter is implemented using signaling between the masters and the
PDC. A sleep signal coming from Cortex-M33, SNC, or CMAC is asserted when the CPU SCR bit is
set and the WFI command is executed.

Every time a trigger occurs, the PDC follows the action plan as programmed in the LUT. It also
asserts the respective bit number in the PENDING register that keeps one bit per LUT entry (for
example, if LUT entry #2 was triggered, PENDINGJ2] will also be 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 see 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.

Note that, the PENDING register should be acknowledged as soon as possible and well before
issuing a WFI command.

If there is no active LUT entry where one of the three masters is still up and running, then the PDC
allows the system to go to sleep (for example, invoke the Analog PMU FSM). Any power domain can
be turned off, depending on the value of the respective field in the 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.

7.3 Programming

There is a simple sequence of steps that needs to be followed 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:Triggeris a GPIO on Port 0 (selectable through Wake-Up Controller).
ii. 1:Triggeris a GPIO on Port 1 (selectable through Wake-Up Controller).
iii. 2: Trigger is a GPIO on Port 2 (selectable through Wake-Up Controller).
iv. 3: Trigger is another Master (see register description).
b. Select Trigger ID (TRIG_ID).
. Enable extra options if needed (EN_SNC, 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.
iv. 3: Wake up Sensor Node Controller.
2. Check if a PDC entry has been triggered (PDC_PENDING_REG).

a. If needed check the register for a specific master (PDC_PENDING_CM33_REG,
PDC_PENDING_CMAC_REG, or PDC_PENDING_SNC_REG).

3. If needed, trigger a PDC by SW (PDC_SET_PENDING_REG).
4. Clear any pending requests and/or IRQs (PDC_ACKNOWLEDGE_REG).
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8 Brown-Out Detector

Device DA14701 DA14705 DA14706 DA14708
Feature Availability 4 v v v

8.1 Introduction

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

The BOD is active in either Active or Sleep mode with periodically a programmable interval
(PMU_SLEEP_REG[BOD_SLEEP_INTERVAL]).

While the system is in any sleep mode, the detector is regularly activated for a voltage comparison of
the supply sources after which it goes in sleep mode again. The amount of time BOD is active is one
sleep clock period.

Features

m Comparator based implementation

Independent voltage monitoring of all power rails

Periodic detection mechanism, available during active and sleep periods
Programmable VSYS, V12 (VDD), V14, V18, and V30 levels

Different programmable levels for sleep and active modes for V12 (VDD) and V30

8.2 Architecture

The BOD is implemented with several comparators. In the hibernation mode, every comparator,
except the vbus_plugin, is off, while in sleep mode operation, the comparators operate on a low
enough speed such that the current consumption is a very small fraction of the total leakage current
of the system.

Register File
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Figure 27: BOD Block Diagram
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The VSYS, V18, V14, V12 (VDD), and V30 levels in the BOD are programmable through the
POWER_LVL_REG register, with reset values shown in Table 95.

Table 95: BOD Levels — Reset Values

Rail Reset Value (V)
VSYS 4.8
V18 1.8
V14 1.4
V12 _SLEEP 0.9
V12 1.2
V30_SLEEP 3.0
V30 3.0

The thresholds for the non-programmable rails are shown in the electrical characteristics table of the
BOD.

NOTE

Since V18P and V18F rails are externally connected, the BOD sense to those rails should be enabled or
disabled at the same time.

8.3 Programming
There is a simple sequence of steps that needs to be followed to configure the Brown-Out Detector:

1. Set up the interval when Brown Out Detection is activated to check on the power rails voltage
(PMU_SLEEP_REG[BOD_SLEEP_INTERVAL]).

2. Configure the BOD voltage levels for the chosen power rails (POWER_LVL_REG).

3. Enable the BOD monitoring for the chosen power rails (BOD_CTRL_REG[BOD_xxxx_EN]).
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9 Reset
Device DA14701 DA14705 DA14706 DA14708
Feature Availability v v v v

9.1 Introduction

The DA1470x has an RSTN 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 a FET or a single button connected to Ground. The typical latency of the
RSTN 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 RSTN pin, but SW can remap it to any GPIO.

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

Features
RC spike filter on RSTN to suppress external spikes (400 kQ, 2.8 pF)

Three different reset lines (SW, HW, and POR)
Reset cause is latched in a specific register

Configurable POR circuitry

HW_RESET
DEBUGGER_ENABLE

System Bus

=~

1 )

SWD_RESET_REG
[SWD_HW_RESET_REQ]

‘ ‘ SYS_CTRL_REG[SW_RESET]

Debugger
SWDIO SWDAP

SW_RESET

SWDCLK AR AIRCR[SYSRESETREQ) ’
zsk% ‘ NMI WDOG_reset \ HW_RESET

- ] .
RSTN ‘ PAD_RESET
VDD
PWR ON
RESET

~ .
GPIO > POReset Timer

Programmable
Time

[ POR_PIN_REG[PIN_SELECT] |

‘ Brown Out Detection FSM

POR if Vsys<2.25V
POR if V30<1.7V

Figure 28: Reset Block Diagram

There are three main reset signals in the DA1470x:

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

e The HW reset, triggered by the RSTN pad when it becomes active for a short period (less than
the programmable delay for POR)
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® The SW reset, triggered by writing the SYS_CTRL_REG[SW_RESET] bit or Arm's
AIRCR[SYSRESETREQ] register

9.2 Architecture
The Power-on Reset (POR) signal is generated as follows:

e Internally; it will release the system’s flip flops as soon as the VDD voltage crosses the minimum
threshold value

e Brown-Out Detection FSM senses the various internal voltage levels to be higher than the
programmed thresholds. There are two additional POR signals which are triggered if the Vsys or
V30 voltages cross the minimum threshold values

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

The HW reset can be automatically triggered at system wakeup from the Extended or Deep Sleep
mode by programming bit PMU_CTRL_REG[RESET_ON_WAKEUP]. The PWR ON reset and the
HW reset run the power-up sequence and the BootROM code is executed.

The SW reset is the logical OR of a signal from the Arm CPU (triggered by writing SCB->AIRCR =
0x05FA0004), 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 only by Power-on Reset, HW Reset, or SW Reset only. These registers
that reset with specific reset are listed in Table 96. Note that with the Power-on Reset all the POR
Reset, HW Reset, and SW Reset registers will be reset, with the HW Reset only the HW and SW
Reset registers will be reset and with SW Reset only the SW Reset registers will be reset.
Furthermore, there are three bit-fields in the RESET_STAT_REG which will be reset with a watchdog
event (reset).

Table 96: Reset Signals and Registers

Reset Source Registers

POR Reset BANDGAP_REG
CLK_RTCDIV_REG
CLK_XTAL32K_REG
POR_CTRL_REG

POR_PIN_REG
POR_TIMER_REG
POWER_LVL_REG
RST_CTRL_REG
RTC_CONTROL_REG
RTC_EVENT_CTRL_REG
RTC_KEEP_RTC_REG
RTC_PDC_EVENT_PERIOD_REG
SYS_STAT_REG[POWER_IS_UP]

HW Reset BIAS_VREF_SEL_REG
BOD_CTRL_REG
CACHE_CTRL2_REG[CACHE_FLUSHED]
CACHE_CTRL2_REG[CACHE_FLUSH_DISABLE]
CACHE_CTRL2_REG[CACHE_USE_FULL_DB_RANGE]
CACHE_CTRL2_REG[CACHE_MHCLKEN_DISABLE]
CACHE_CTRL2_REG[CACHE_CWF_DISABLE]
CACHE_CTRL2_REG[CACHE_WEN]
CACHE_CTRL2_REG[CACHE_LEN]
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Reset Source Registers

CACHE_FLASH_REG

CHARGER_CTRL_REG
CHARGER_CC_CHARGE_TIMER_REG[MAX_CC_CHARGER_TIME]
CHARGER_CURRENT_PARAM_REG
CHARGER_ERROR_IRQ_MASK_REG
CHARGER_JEITA_CURRENT_REG
CHARGER_JEITA_CURRENT2_REG
CHARGER_JEITA_V_CHARGE_REG
CHARGER_JEITA_V_OVP_REG
CHARGER_JEITA_V_PRECHARGE_REG
CHARGER_JEITA_V_REPLENISH_REG

CHARGER_LOCK_REG
CHARGER_PRE_CHARGE_TIMER_REG[MAX_PRE_CHARGE_TIME]
CHARGER_PWR_UP_TIMER_REG[CHARGER_PWR_UP_SETTLING]
CHARGER_STATE_IRQ_MASK_REG
CHARGER_TBAT_COMP_TIMER_REG[TBAT_COMP_SETTLING]
CHARGER_TDIE_COMP_TIMER_REG[TDIE_COMP_SETTLING]
CHARGER_THOT_COMP_TIMER_REG[THOT_COMP_SETTLING]
CHARGER_TEMPSET_PARAM_REG
CHARGER_TEMPSET2_PARAM_REG
CHARGER_TOTAL_CHARGE_TIMER_REG[MAX_TOTAL_CHARGE_TIME]
CHARGER_VBAT_COMP_TIMER_REG[VBAT_COMP_SETTLING]
CHARGER_VOLTAGE_PARAM_REG
CHARGER_VOVP_COMP_TIMER_REG[OVP_INTERVAL_CHECK_THRES]
CHARGER_VOVP_COMP_TIMER_REG[VBAT_OVP_COMP_SETTLING]
CLK_AMBA_REG

CLK_CMAC_SWITCH_REG

CLK_CTRL_REG

CLK_RADIO_REG

CLK_RCHS_REG

CLK_RCLP_REG

CLK_RCX_REG

DCACHE_BASE_ADDR_REG

DCACHE_CTRL_REG

DEBUG_REG

OQSPIF_BURSTBRK_REG

OQSPIF_BURSTCMDA_REG

OQSPIF_BURSTCMDB_REG

OQSPIF_CHCKERASE_REG

OQSPIF_CTR_CTRL_REG

OQSPIF_CTR_EADDR_REG

OQSPIF_CTR_KEY_0_3_REG

OQSPIF_CTR_KEY_4_7_REG

OQSPIF_CTR_KEY_8 11 REG

OQSPIF_CTR_KEY_12_15 REG

OQSPIF_CTR_KEY_16_19 REG

OQSPIF_CTR_KEY_20 23 _REG

OQSPIF_CTR_KEY_24 27 REG
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Reset Source

Registers

OQSPIF_CTR_KEY 28 31 REG
OQSPIF_CTR_NONCE_0_3_REG
OQSPIF_CTR_NONCE_4_7_REG
OQSPIF_CTR_SADDR_REG
OQSPIF_CTRLBUS_REG
OQSPIF_CTRLMODE_REG
OQSPIF_DUMMYDATA_REG
OQSPIF_ERASECMDA_REG
OQSPIF_ERASECMDB_REG
OQSPIF_ERASECMDC_REG
OQSPIF_ERASECTRL_REG
OQSPIF_GP_REG
OQSPIF_READDATA_REG
OQSPIF_RECVDATA_REG
OQSPIF_STATUS_REG
OQSPIF_STATUSCMD_REG
OQSPIF_WRITEDATA _REG
OTPC_MODE_REG
OTPC_PADDR_REG
OTPC_PWORD_REG
OTPC_STAT_REG
OTPC_TIM1_REG
OTPC_TIM2_REG
PO_PAD_LATCH_REG
PO_RESET_PAD_LATCH_REG
PO_SET_PAD_LATCH_REG
P1_PAD_LATCH_REG
P1_RESET_PAD_LATCH_REG
P1_SET_PAD_LATCH_REG
P2_PAD_LATCH_REG
P2_RESET_PAD_LATCH_REG
P2_SET_PAD_LATCH_REG
PDC_ACKNOWLEDGE_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_CTRL12_REG
PDC_CTRL13_REG
PDC_CTRL14_REG
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Reset Source

Registers

PDC_CTRL15_REG
PDC_PENDING_CM33_REG
PDC_PENDING_CMAC_REG
PDC_PENDING_REG
PDC_PENDING_SNC_REG
PDC_SET_PENDING_REG
PLL_SYS_CTRL1_REG
PLL_SYS_CTRL2_REG
PLL_SYS_CTRL3_REG
PLL_SYS_STATUS_REG
PLL_USB_CTRL1 REG
PLL_USB_CTRL2_REG
PLL_USB_CTRL3 REG
PLL_USB_STATUS_REG
PMU_CTRL_REG
PMU_SLEEP_REG
POWER_CTRL_REG
QSPIC_AWRITECMD_REG
QSPIC_BURSTBRK_REG
QSPIC_BURSTCMDA_REG
QSPIC_BURSTCMDB_REG
QSPIC_CHCKERASE_REG
QSPIC_CTRLBUS_REG
QSPIC_CTRLMODE_REG
QSPIC_DUMMYDATA_REG
QSPIC_ERASECMDA_REG
QSPIC_ERASECMDB_REG
QSPIC_ERASECTRL_REG
QSPIC_MEMBLEN_REG
QSPIC_READDATA_REG
QSPIC_RECVDATA_REG
QSPIC_STATUS_REG
QSPIC_STATUSCMD_REG
QSPIC_WRITEDATA_REG
QSPIC2_AWRITECMD_REG
QSPIC2_BURSTBRK_REG
QSPIC2_BURSTCMDA_REG
QSPIC2_BURSTCMDB_REG
QSPIC2_CHCKERASE_REG
QSPIC2_CTRLBUS_REG
QSPIC2_CTRLMODE_REG
QSPIC2_DUMMYDATA_REG
QSPIC2_ERASECMDA_REG
QSPIC2_ERASECMDB_REG
QSPIC2_ERASECTRL_REG
QSPIC2_MEMBLEN_REG
QSPIC2_READDATA_REG
QSPIC2_RECVDATA_REG
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Reset Source Registers

QSPIC2_STATUS_REG
QSPIC2_STATUSCMD_REG
QSPIC2_WRITEDATA_REG
RAM_PWR_CTRL_REG
RESET_STAT_REG[SWD_HWRESET_STAT]
RESET_STAT_REG[HWRESET_STAT]
SECURE_BOOT_REG

SW_V18F_REG

SWD_RESET_REG

SYS_CTRL_REG

SYS_STAT_REG
USB_RXC2_REG[USB_FLUSH]
VSYS_GEN_CTRL_REG
VSYS_GEN_IRQ_CLEAR_REG
VSYS_GEN_IRQ_MASK_REG
VSYS_GEN_IRQ_STATUS_REG
WATCHDOG_REG[WDOG_VAL_NEG]
WATCHDOG_REG[WDOG_VAL]
WATCHDOG_CTRL_REG
XTAL32M_CAP_MEAS_REG
XTAL32M_CTRL_REG
XTAL32M_FSM_REG
XTAL32M_IRQ_CTRL_REG
XTAL32M_IRQ_STAT_REG
XTAL32M_SETTLE_REG
XTAL32M_START_REG
XTAL32M_STATO_REG
XTAL32M_TRIM_REG[XTAL32M_CMP_LVL]
XTAL32M_TRIM_REG[XTAL32M_AMPL_SET]
XTAL32M_TRIM_REG[XTAL32M_CUR_SET]

Watchdog Reset | RESET_STAT_REG[CMAC_WDOGRESET_STAT]
RESET_STAT_REG[WDOGRESET_STAT]
RESET_STAT_REG[SNC_WDOGRESET_STAT]

SW Reset The rest of the Register File

9.21 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 (RSTN): The 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 ns or 1.95 ns 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).
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It should be noted that 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. Note that, if POR is generated from the Reset pad, RCLP will operate with the default
(reset) trim value. If a GPIO is used as a POR source, the RCLP clock will be trimmed. The timing
deviation between both cases is expected to be minor if the RCLP is configured at 32 kHz mode.

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.

The operation of the Power-on Reset for both Reset pad and GPIO is depicted in Figure 29.

. !CLK= 31.25usec
reee L] LA LA LA L4 L L0 LT L L L L L L L
Reset pad : : : | <POR Timier |__| . >=PORTimer : |

GP|O(POR) <PO%RTimer% | >=PC%JRTimer%
HW Reset | u 1 : :

Timer value matcheds; Timer value matched

POR Timer 0 X céuntiné mcounﬂzﬂ 0 X ciountinég &X 0 X cmimting% &X 0

RN

POReset

Figure 29: 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, the POR timer will reset to O. If a second source is asserted
while the first is already asserted and the first is released after that point, POR will occur, 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, HW, SW) hence the user
must take special care on setting up the GPIO POR source right after a reset. This also applies to the
POR_TIMER_REG[POR_TIME] field after a Power-on Reset.

Users should consider that if a GPIO is used as a POR source, the dynamic current of the system
increases, due to the dynamic current consumed by the RCLP oscillator. This increase is calculated
to be ~100 nA and it is also present during a sleep time period. POR from Reset pin does not add
this dynamic current consumption.

9.3 Programming

There is a simple sequence of steps that needs to be followed to configure the POR from GPIO

functionality:

1. Select the GPIO to be set as a 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]). Default time is ~3
seconds.

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

Device DA14701 DA14705 DA14706 DA14708

Feature Availability 4 v v v

10.1 Introduction

The Cortex-M33 processor is a low gate count, highly energy-efficient processor that is intended for
microcontrollers 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:

e Code AHB (C-AHB) interface

e System AHB (S-AHB) interface

e External PPB (EPPB) APB interface

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 SW.

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-bit 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) with 4 kB MTB memory
Embedded Trace Macrocell (ETM)

10.2 Architecture

In Figure 30, the ETM and MTB integration on the ARM M33 is shown. The TRACEDATA is 4-bit and
the TRACECLK supports up to 80 MHz speed.
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Figure 30: ARM M33 ETM and MTB Integration

10.2.1 Interrupts

This section lists all 53 interrupt lines, except the NMI interrupt, and describes their source and
functionality. The overview of the interrupts is illustrated in Table 97.

Table 97: Interrupt List

# Name Pulse/Level | Polarity Description

0 CMAC2SYS_IRQ Level Active High | CMAC and mailbox interrupt line

1 SNC2SYS_IRQ Level Active High | SNC MO+ interrupt to Cortex M33

2 M33Cache_MRM_IRQ Pulse Active High | M33 Instruction Cache miss rate monitor
interrupt

3 PDC_M33_IRQ Level Active High | This is an interrupt coming from the PDC
indicating that the M33 needs to be woken
up due to a GPIO/Peripheral/another master
request

4 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 woken
up/notified

5 VBUS_IRQ Pulse Active High | VBUS presence interrupt

6 CHARGER_STATE_IRQ Pulse Active High | Serves both the Charger FSM and the
JEITA FSM

7 CHARGER_ERROR_IRQ | Pulse Active High | Charger error interrupt line

8 DCDC_BOOST_IRQ Pulse Active High | DCDC Boost interrupt. Generated upon time
out threshold reach

9 PLL48 LOCK_IRQ Level Active High | Indicates that the PLL48 is locked at 48MHz

10 | CRYPTO_IRQ Level Active High | Crypto interrupt. Sources: AES or HASH
function interrupt

11 | PLL_LOCK IRQ Level Active High | Indicates that PLL is locked at 160 MHz

12 | XTAL32MDRY_IRQ Indicates that the XTAL32M oscillator is
trimmed and settled and can provide a
reliable 32 MHz clock

13 | RFDIAG_IRQ Pulse Active High | Baseband or Radio Diagnostics Interrupt.
Required for signaling Radio or Baseband
internal events. Two signals per Radio and 2
per BB

14 | GPIO_PO_IRQ Level Active High | GPIO port 0 toggle interrupt line
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# Name Pulse/Level | Polarity Description

15 | GPIO_P1_IRQ Level Active High | GPIO port 1 toggle interrupt line

16 | GPIO_P2_IRQ Level Active High | GPIO port 2 toggle interrupt line

17 | TIMER_IRQ Level Active High | TIMER interrupt line

18 | TIMERZ_IRQ Level Active High | TIMER2 interrupt line

19 | TIMER3_IRQ Level Active High | TIMERS interrupt line

20 | TIMER4_IRQ Level Active High | TIMERA4 interrupt line

21 | TIMER5_IRQ Level Active High | TIMERS interrupt line

22 | TIMERG6_IRQ Level Active High | TIMERG interrupt line

23 | RTC_IRQ Level Active High | RTC interrupt line

24 | RTC_EVENT Level Active High | RTC event interrupt line

25 | CAPTIMER_IRQ Level Active High | GPIO triggered Timer Capture interrupt

26 | ADC_IRQ Level Active High _General Purpose analog-digital converter
interrupt

27 | ADC2_IRQ Level Active High | Application analog-digital converter interrupt

28 | DMA_IRQ Pulse Active High | General Purpose DMA interrupt line

29 | UART_IRQ Level Active High | UART interrupt line

30 | UARTZ2_IRQ Level Active High | UART2 interrupt line

31 | UART3_IRQ Level Active High | UARTS interrupt line

32 | SPLLIRQ Level Active High | SPI interrupt line

33 | SPI2_IRQ Level Active High | SPI2 interrupt line

34 | SPI3_IRQ Level Active High | SPI3 interrupt line

35 | 12C_IRQ Level Active High | 12C interrupt line

36 | 12C2_IRQ Level Active High | 12C2 interrupt line

37 | 12C3_IRQ Level Active High | I2C3 interrupt line

38 | I3C_IRQ Level Active High | I3C interrupt line

39 | USB_IRQ Pulse Active High | USB interrupt line

40 | PCM_IRQ Pulse Active High | PCM interrupt line

41 | SRC_IN_IRQ Level/Pulse Active High | SRC input interrupt line

42 | SRC_OUT_IRQ Level/Pulse | Active High | SRC output interrupt line

43 | SRC2_IN_IRQ Level/Pulse | Active High | SRC2 input interrupt line

44 | SRC2_OUT_IRQ Level/Pulse | Active High | SRC2 output interrupt line

45 | VAD_IRQ Level Active High | VAD interrupt line (programmable: default is
a high level or a pulse 8 internal clk cycles)

46 | eMMC_IRQ Level Active High | eMMC Controller interrupt line

47 | Reserved

48 | GPU_IRQ Level Active High | GPU interrupt line

49 | LCD_IRQ Level Active High | Display controller interrupt line

50 | Reserved

51 | CHARGER_DET_IRQ Level Active High | Charger detection interrupt line
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# Name Pulse/Level | Polarity Description
52 | DCACHE_MRM_IRQ Level Active High | Data cache MRM interrupt line
53 | CLK_CALIBRATION_IRQ | Level Active High | Indicates that the calibration of the selected
clock has been performed successfully
54 | VSYS_GEN_IRQ Level Active High | Indicates when the LDO_VSYS (in VSYS
generator module) is too hot or when VBUS
drive strength is too low for the set
LDO_VSYS current limit

10.2.2 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/docs/100235/latest/preface

Technical Reference Manual:
https://developer.arm.com/docs/100230/0004
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11 Cache Controller

Device DA14701 DA14705 DA14706 DA14708

Feature Availability 4 v v v

11.1 Introduction

The cache controller is used to accelerate the system performance of the Arm Cortex-M33 executing
from OQSPI FLASH. It also conserves power by reducing the number of accesses to the external
OQSPI FLASH. The cache dynamically loads program and data code into the cache Data RAM and
executes from there.

The cache controller is controlled via the CACHE_* REGSs. The cache administration is kept in the
TAG memory region. The cache RAM is initialized when the cache controller is enabled.

The cache controller supports four-way set associativity with an 8-Bytes cache line and a total of
8 kB of cache RAM. The cache line replacement strategy is used in the Least Recently Used (LRU).

For debugging, the Data and TAG memory can be monitored on the AHB-SYS bus (See

Section 5.7). The cache is used for dynamic code and data caching. As an alternative for fast code
executions, the data-RAM can be used for static code storage. This code must be copied from
OQSPI FLASH.

Features
m Four-way set-associative implementation

m Zero delay cache hit on Most Recently Used (MRU) words, one cycle delay cache hit on LRU
words

Low cache miss-delay and configurable critical-word first functionality

LRU replacement strategy for reduced miss-rates to minimize the costly, in terms of power, read
accesses to the external FLASH

m Hit/Miss monitoring functionality

11.2 Architecture

The cache controller block diagram is shown in Figure 31.

AHB-SYS

Cache
TAG/Data
RAM

CACHE_LEN ﬁ CACHE_LEN
| |

i N sy
e came core o)L asmany

Remap
1

CACHE_*_REG

;

Figure 31: Cache Controller Block Diagram

11.2.1 Hit/Miss Rate Monitor

The system includes a monitoring block, which gives real-time information on the number of cache
hits and misses within a certain amount of time. When a programmable threshold is reached, an
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interrupt is sent to the CPU to act. The block only operates while the system is in active mode. The
main features are:

m Up to 10 ms active time interval counter

m Registered amount of cache misses

m Registered amount of cache hits

m Programmable threshold of cache hits or misses that generates an interrupt

The CACHE_MRM_HITS REG contains the number 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. Note that for two sequential
requests in the same cache-line, in which the first produces a cache miss the
CACHE_MRM_MISSES_REG will be increased by 2, counting a second miss on the second
request.

11.2.2 Miss Latency

This section describes the amount of time (in clock cycles) required from a cache miss up to the point
the required code/data are fetched back to the CPU and execution continues. The cache miss
latency (Tcmi) can be split into the following intervals:

Tcemzr: Time from the cache miss up to request from the QSPI Controller.

Trega: Time from the request up to actual access start.

TrorL: Time for reading data from the FLASH.

Tciat: Time required to get data to the CPU (cache latency).

The final amount of clock cycles is calculated by the following equation:

Teme = Temzr+Tr2Qa+ TrRoFLFTCLAT

where TrorL depends on the amount of data requested and is provided by the following formula:
TrorL = [Temp+Tappr+Toum+(NcacHeLine*2)+Tripe]*(Sys_clk/spi_clk) where NcacHeLine is 8 Bytes.
For example, the amount of clock cycles required to read the data from the FLASH is:

TrorL = 2+6+4+(8*2)+3 = 31 spi clock cycles, for a QSPI FLASH.

An overview of the cache miss latency calculation, assuming that the ARM M33 and OQSPI interface
are running at the same speed (for example, 96 MHz), is shown in Table 98 for Quad-SPI Flash and
in Table 99 for Octa-SPI Flash device.

Table 98: QSPI FLASH Cache Miss Latency

Time Interval Clock Cycles Example
Temzr 7 7

Tr20A 1 1

TrDFL [Temp+Tappr+Toum+(NcacHELINE*2)+TriPe] 31

Terat 4 (Note 1) 4

Teme for one cache line (QPI mode) 43

Note 1 This is the worst-case delay (request for the second word of a cache-line).

Table 99: OSPI FLASH Cache Miss Latency

Time Interval Clock Cycles Example
Temzr 7 7
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Time Interval Clock Cycles Example
Tr20A 1 1
TRDFL [Temp+Tappr+Toum+(NcAcHELINE*2)+TriPE] 27
Teuar 4 (Note 1) 4
Temo for one cache line (QPI mode) 39

Note 1 This is the worst-case delay (request for the second word of a cache-line).
11.3 Programming

11.3.1 Cache Controller Programming
There is a simple sequence of steps that needs to be followed to configure the Cache Controller:

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

2. Enable the cache (CACHE_CTRL2_REG[CACHE_LEN] != 0).
The size of the cacheable external Flash memory can be specified in
CACHE_CTRL2_REG[CACHE_LEN] when CACHE_CTRL2_REG[CACHE_LEN] !=1. If
CACHE_CTRL2_REG [CACHE_LEN] = 1, then the memory space is specified by
CACHE_FLASH_REG [FLASH_REGION_OFFSET].

11.3.2 Miss Rate Monitor Programming
There is a simple sequence of steps that needs to be followed 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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12 Data Cache Controller

Device DA14701 DA14705 DA14706 DA14708

Feature Availability 4 x v v

12.1 Introduction

The data cache controller is used to access data from an external PSRAM. This cache can be used
by GPU when accessing graphics resources and/or by the CPUs when accessing data that are
stored in the external PSRAM.

Features

m  Write-back cache policy with forced write flush capability

m Four-way set associative

m  Random (LFSR-based) replacement policy

m  Two words (8 bytes) cache line configuration

m 8 kB of total cache size

m  Bypass functionality

m Enable/Disable cache functionality, cache memory is used as regular RAM when the cache is

disabled

Miss rate monitor functionality

Programmable Cacheable address space
Data/Tag RAM can be retained in any sleep mode

4@_» MUX  |—| Slave AHB i/f
BUFFER
>
LINE AHB
(master)
Master AHB iff
Ae CTRL L]
©clve) praivs HSEL_CACHED
¢
TAG
< < MEM i
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Figure 32: Data Cache Controller Block Diagram

12.2 Architecture

12.2.1 Overview

The data cache controller can handle read and write transactions from the CPU/GPU (Slave AHB
port) to the PSRAM Quad SPI controller (Master AHB port). The block is organized in a four-way set
associative manner, while the cache line size is 8 bytes wide. Two distinct memories are used to
implement the four-way associativity, one of 8 kB for data and one of 3 kB for the TAG information.
That results in 256 lines per associative way. The TAG ram consists of the tag address, a “valid” bit
indicating if a word in the line is valid or not, and a “dirty” bit indicating whether the line needs to be
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written back to the external PSRAM or not, because it contains a word that is not synchronized with
the actual values in the PSRAM.

The controller supports the following basic operations:

e Cache read miss: A read request on the slave port for an address that is not included in the
cache memory (cache read miss) results in a read request on the master port for the specific
cache line, which contains the requested word. The cache controller stalls the CPU/GPU until the
requested data are available in the cache memory

e Cache read hit: A read request on the slave port for an address that is included in the cache
memory (cache read hit) is served by the cache controller within a couple of clock cycles

e Cache write requests: A write request on the slave port does not result in a write request on the
master port (write-back) unless a “dirty” cache-line replacement is required. The cache controller
serves the request with minimum delays (store data to the cache memory and mark the data as
“dirty”). If the data is already marked as “dirty” then the cache controller updates only the data

e Cache wflush: The controller checks for “dirty” bits in all available lines and triggers the write
back operation towards the QuadSPI controller (and eventually the external PSRAM device)

e Cache (re)initialization: The controller invalidates all tag lines by clearing the tag memory,
namely setting “dirty” and “valid” bit to zero. Note that the cache write-flush and cache
reinitialization can be triggered together. In this case, the cache write-flush (wflush) is done first
followed by the cache initialization

When a cache-line is to be replaced, after a read or write the request on the slave port, then the
cache controller writes back (evict from cache) the “dirty” marked cache line to the QSPI PSRAM and
then replaces the cache line with a new one. If the cache line is not marked “dirty”, then the cache
controller replaces the contents immediately (no write transactions to QSPI controller required).

The latency on various operations of the cache controller in clock cycles is presented in Table 100.

Table 100: Data Cache Controller Operations Latency (Clocks) for Quad SPI Mode

DCACHE QSPI WRITE QSPI READ
Cache Controller Operation | (overhead) Word1 Word2 Word1 Word2 TOTAL
MISS 7 50 15 72
HIT 1 1
ENVICT (write back) 17 4 33 79 15 148

Note that the table displays the complete operation latency, including the one related to the QuadSPI
controller for reading/writing data to the external PSRAM component. All numbers are in clock cycles
of the hclk being the clock of this block.

The cache controller and related RAMs reside in the controller’s power domain (PD_CTRL). When
this power domain is switched off, both data and TAG RAMs can be retained so that cached data are
not lost.

Note that, before the system goes to any sleep mode without the cache data and TAG RAMs
retained, a cache write flush must be triggered and awaited until the complete transaction of writing
back “dirty” cache lines into the external PSRAM is completed, to avoid data loss.

12.2.2 Enable/Disable

When the cache controller is disabled, the cache memory can be used as a regular RAM, while all
the transactions from the slave port are forwarded to the master port, as is, with minimum delays.
When the disable configuration signal is asserted the cache controller first completes all the pending
writes (if any) to the master port. All cache lines which are marked as “dirty” are written back to
PSRAM through the master port of the cache controller (forced write flush). After the successful flush
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of the cache memory, the cache controller can be disabled. SW is responsible to initialize the RAM
after disabling the cache controller.

When the enable configuration signal is asserted, the cache controller clears all extra information
(TAG, dirty-bits, etc.) in the cache memory and all the cache memory should be assumed empty. A
ready status signal is asserted when the cache controller is ready to handle incoming transactions on
the slave port.

12.2.3 Bypass

There is a complete cache controller bypass capability with the use of a multiplexer (ICM) which
allows for direct access to the external PSRAM through the relative controller. When the bypass
configuration signal is asserted, the cache controller forwards all transactions from the slave port to
the master port, as is, with zero delay, without changing/updating the cache memory.

12.2.4  Flush

When the “write flush” configuration signal is asserted, the cache controller writes back (evict) all the
cache lines, which are marked as “dirty”, to the PSRAM through the master port (QSPI controller).

12.2.5 Miss Rate Monitor

The data cache controller includes a miss rate monitor, similar to the one of the instruction cache.
The miss rate monitor block monitors the cache read misses, cache read hits, and the cache evicts.

12.3 Programming

12.3.1 Data Cache Controller Programming

There is a simple sequence of steps that needs to be followed to configure the Cache Controller:

1. Disable the Cache by clearing the DCACHE_CTRL_REG[DCACHE_LEN] and the
DCACHE_CTRL_REG[DCACHE_ENABLE] bit fields.

2. Configure the base address and the length of the cacheable area in the PSRAM in the
DCACHE_BASE_ADDR_REG register.

3. Perform an initialization on the cache RAM (DCACHE_CTRL_REG[DCACHE_INIT]=1) and wait
for the initialization to finish (DCACHE_CTRL_REG[DCACHE_READY]=1).

4. Enable the Data cache controller (DCACHE_CTRL_REG[DCACHE_ENABLE] = 1.
The Data Cache controller is ready when DCACHE_CTRL_REG[DCACHE_READY] = 1.

12.3.2 Miss Rate Monitor Programming
There is a simple sequence of steps that needs to be followed to configure the Miss Rate Monitor:

1. Freeze all counters by clearing the DCACHE_MRM_CTRL_REG[MRM_START] bit.

2. Set up the thresholds that produce interrupts:
a. Cache Misses threshold: DCACHE_MRM_MISSES_THRES_REG[MRM_MISSES_THRES]
b. Cache Hits threshold: DCACHE_MRM_HITS THRES_REG[MRM_HITS_THRES]
c. Cache Evicts threshold: DCACHE_MRM_EVICTS_THRES_REG[MRM_EVICTS_ THRES]
d. Time passed threshold: DCACHE_MRM_TINT_REG[MRM_TINT]

3. Unmask all interrupts by setting the DCACHE_MRM_CTRL_REG[MRM_IRQ_MASK] bit.

4. Enable the chosen interrupts:

a. DCACHE_MRM_CTRL_REG[MRM_IRQ_HITS_THRES_STATUS]: The number of cache
hits reached the programmed threshold.

b. DCACHE_MRM_CTRL_REG[MRM_IRQ_MISSES THRES_STATUS]: The number of cache
misses reached the programmed threshold.
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c. DCACHE_MRM_CTRL_REG[MRM_IRQ_EVICTS THRES STATUS]: The number of cache
evicts reached the programmed threshold.
d. DCACHE_MRM_CTRL_REG[MRM_IRQ_TINT_STATUS]: The time interval counter reached
the end.
5. Enable all counters by setting the DCACHE_MRM_CTRL_REG[MRM_START] bit.

6. Read the results (misses and/or hits) in the DCACHE_MRM_MISSES_ REG,
DCACHE_MRM_HITS_REG, and DCACHE_MRM_EVICTS_REG registers.
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