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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

Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 3 of 1019 © 2022 Renesas Electronics



RENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

Contents
(1= =T =TI =T o ] o 4 o] 4 I PSS 1
KBY FRALUIES ..ottt e e e ettt e e s e e e et e e te bt e e e e et e ee bbb e e e e e e e e ata b n e e e e eeeeesbaanneeeaane 1
N ] o] o= 4 o ] K= PRSP 3
KBY B BN OIS ..ttt ettt a e e e e e e e nn s 3
G0N NS 4
[ Lo LU =T O PP P U PP PPPPP 13
JLIE=1 0] =S PRSP PPRRPTN 15
A = Lo Tod g B F=To | =11 | H T O PP P U PP PPPPP 40
2 DA1470x Product Family ... 41
I 1 1[0 LU | T TSP PPPPP R TPPPP 42
TN Y T € AN I 1 o 11 | SRS 42
ST 1= Tol | ot A (o] o 1= TSSOSO PPPPOPPPI 60
4.1  Absolute Maximum RaINGS .....ccooeeiiieiiiiciciie s 61
4.2 Recommended Operating CONAItIONS .........oouuiiiiiiiieiiiie e 61
O T B L O @ ¢ F- 1 = T (=] 1S £ o= SRR 62
O T 0T T T = = o (T 1 [ 64
4.5  Thermal CharaCteriStICS .. ..uiiiiiiiiiiiiiiie et s e er e e e e s s e e e e e e s sebn e eeeeeessaneeneees 65
4.6  RESEt CharaCleriSHCS .....uueeiiiiiiiiiiiiie et e et e e e e e e ene e 65
4.7  Brown-Out Detector CharaCteriStiCS ........oiouviriiiiee it e e 65
4.8 General Purpose ADC CharacCteriStiCS .....ccoeeeeeeieeiieiiiieessises s s s s 67
4.9  Application ADC CharacCteriStiCS ... .ceeieeeeeeieeeieeeiee s 69
4.10 DC-DC Converter CharaCteriStiCS ... ..uiuueiuiruiiiiieieeeiesiiiieieeee e e s ssieeeer e e e e s ssntnreeeeeeeessnneeeeeees 71
4.11 Boost DC-DC Converter CharaCleriStCS. ... ...uuutiieeiiiiiiiiieeee ettt 72
4.12 Clamps CharaCleriSHCS ......ciiuuiiiiiiiiii ittt ettt e e st nabe e e e anens 73
4.13 Vsys Generator CharaCteriStiCS ......cooiiiiiiiii i 73
I I @ 1S3 @ ¢ =T = Vo (] 1S5 1o PSS 74
4.15 Power On Reset VSYS CharacCteriStiCS ........oouuiiiiiiiiie ittt 75
4.16 Power On Reset V30 CharacCteriStiCS .......ocuuviiiiiiieiiiiiiiiie et 76
4.17 32 kHz Crystal OsCillator CharacCteriStiCS.........uueiiureieiiiiiie it 76
4.18 32 MHz Crystal Oscillator CharaCteriStiCS.......ccoeeeiieeeiiieieiee e 77
4.19 RCX OsCillator CharaCteriStiCS......uuuuiiieeeiiiiiiiiiieie e e e s r e e e e e s s e e e e e e e e nneeeeees 78
4.20 RCHS 64/96 MHz RC Oscillator CharacteristiCs ...........uuuviveeeiiiiiiiiiieee e e e 78
4.21 RCLP 32/512 kHz RC Oscillator CharacteriStiCS ...........uueiiieeiiiiiiiiiiieeeee e 79
4.22 PLL 160 MHZ CharaCteriStiCS ....uuuuuiiiieeeiiiiiiiiieeieeeissiiiteereee e e ssstntaeeeeeesessnnnsaneeeeeessnnsenneees 79
4.23 PLL 48 MHZ CharaCteriStiCS .......uuuiieiiiaiiaiiiiiiie ettt e e et e e e e e e e e enneeeeeas 79
4.24  Charger CharaCteriStCS .......cuuiiiiiiiiiie ittt st s e e e e 79
4.25 Battery Check CharacCteriStiCS. .. .....uuiiiii i 82
4.26 Digital I/O CharaCteriStiCS. ......cii ittt e e e e e enbe e 82
VN A O TUT- To IS od I VL@ B @ Fo T = Toa (=] 1S o S 84
4.28 LED CRAraCteriSHCS .. ..uveeieiiiiiieiiitiiie ittt ettt e e e e e sttt e e e e e e s bbb e e e e e e e e e annbeeeeeas 87
4.29 USB CharaCteriStiCS ....uuuuuiiiieeeisiiiiiiieiie e e s e ssiiier e ee e e s s sttt eeee e e s e ssstaeereeeeesasnsesaneeeeeeesanssnneees 87
4.30 USB Charger Detection CharaCteriStiCS. ........uuuiiieeiiiiiiiiiiieee e 88
4.31 Voice Activity Detection CharacCteriStiCS..........uuiiiiiiiieiiiiiie e 89
Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 4 of 1019 © 2022 Renesas Electronics



RENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

4.32 Temperature SenSOr CharacCteriStiCS ........cccuvuriiiiee i e e 89
4.33 RAJIO CharaCteriSHCS ......ueeiiieiii ittt e e e e s st e e e e e e e e nneeeeeeas 20
IS Y2 1= 4 @ V=T Y AT SRR 98
L0 N 10 =] g T= U 2] (o o] SRR 98
5.2 Digital POWEE DOMAINS....ccccciiiiiiiiiieee e e e s ettt ee e e e e e s see e e e e s s s st e e e e e e s s s sntaaaeeeaeeessnnnnnnnnees 100
5.3 POWERUP, WAKEUP, and GOTO SIEEP ..uuuiiiiiiiiiiiiiiiiea ettt e e 101
5.3.1 ANAIOG PMU FSM ...ttt et a e st e e nneeeeane 101

5.3.2 Digital PMU FSM ...ttt e e e e e e ennneee s 101

5.3.3 POWERUP ...ttt et e e e e e e e s bbb e e e e e e e e nnnreeeeeas 103

5.34 WAKEUP OPLONS ...ttt sttt st e e s nnneeee s 103

535 GO-TO-SIBEP ..ttt 107

5.4  Power Modes and RaIlS ............uuiiiiiiiii e 107
LSS T © N I PSR 111
55.1 LAYOUL ... 111

5.5.2 Keys and INdexXing ... 111

5.5.3 Customer APPlICALION AN A .......cciiuiiie ittt 111

L0 T = T o )1 o 112
5.6.1 T 1=V 42 o o SRR 114

5.6.2 CoNfIQUratioN SCIPL .....uueeiiiiii s 114

5.6.3 Retrieve Application Code Phase........ccccceiiiiiiii 114

5.6.4 Device AdMINISITALION ......coiiiiiiiiiiiiiee e e e e sneneeees 114

5.6.5 Load IMage ... 115

5.7 MEMOIY IMBP .oeiiiiiiiiiiiiiiiiiiiii s 115
5.8 BUSY StAtUS REQISIEIS .. .uuuiuiiiiiiiiiiiiiiiiii s 119
S I o L= 4 0= o] 11 o TP PP P PP PTPRRP 119
B5.10  SECUIMLY FEALUIES ...coiiiiiiie ittt ettt sttt e bt e e et e e e it et e e e b e e e e nenas 120
5.10.1  Secure Keys Manipulation .........ccccoooiooiiiiiiiiiececcccece e 120
B5.10.2  SECUIE BOOT ... s 120
5.10.3  SECUIE ACCESS ... s 121
LN 0 Y - 11 T - o o S 121
5.10.5  Cryptography OPerationsS...........cceiiuiiiiiiiiiee ettt sareee e 121

B PO 122
L% A 1 o1 £ o (8 o3 1T o TSP PPPT T TPPPP 122
L0 N o] 11 (= o3 (1 = SO 123
6.2.1 LOW 1Q SIMO DC-DC CONVEITEN .....eeiiieeiiiiiiiiieeae ettt e e nieeeeeeas 123

6.2.2 BOOSt DC-DC CONVEIET ... 124

6.2.3 ANAIOG SWILCH . 126

6.2.4 [ L TP PPPTP R 126

6.2.5 VSYS GENEIALION ....eviiiei ittt e e ettt e et e e et e e e abeeeeeane 126

6.2.6 LOW POWET ClAMPS .. ..ttt e e e e e e eneeeeeas 127

6.2.7 (03 0= 1o = S PRSP 127

6.2.8 Charger DELECLION......cciii ittt e e eea e e as 133

6.2.9 Battery CRECK .....ooo i 136
6.2.10 RIS DISCRAIGE. ... tiiiei ittt e et e et e e e nreeeeaae 137

7 Power Domain Controller (PDC) .......cuoiiiiiiieiieie ittt 138
4% T 11 (o To 18 o3 1T o TP PPRTT TSP 138
Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 5 of 1019 © 2022 Renesas Electronics



RENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

A N ol 1 (= o3 (1 (- SRS 139
7.2.1 (O 01=] = Ui o] o B TP PP P PPPRPP 141

RS T = (oo |- V2 10211 o PRSP 141

8 BrOWN-OUL DELECTOL ... ittt e e e e e e e et r e s e e et et e aa b s e e eaeeeestanaeaaaaeees 142
S 0 A 1 o £ To 18 o3 1T o ISP 142

S T A (o] 11 (=T o 0] = 142
SR T = (oo |-V a 10 211 o PSR 143

LS T S U= TSP PPRTTR PSPPI 144
L 5 A 1o £ To 11 o3 1T o ISR 144

LS T A (o] ] (=T 1] = 145
9.2.1 Power-On RESEt fromM PiN........ccccuiiiiiie e e e 149

LS IR T = (oo |- Va1 211 o PRSP 150
O AN 0 ¢ 00 =) LY 1C U 151
O I T [ o To [Wox 1 [0 o [P P UPUPPPPPPPPPPPPPRt 151
0 0 Y o 11 (= o £ =PRIt 151
0 B 1 1 =T £ 10 o] £ PP UP TP PPPTPPRRP 152

O (=Y (=1 =Y o = PP PPPPPPRS 154

11 CaChe CONTIOIIEE .. s 155
5 A o o To (W o 1 [0 o [PPSO PPPPPPPPPPPPRt 155
5 N o o) (= Tox (U TP PPPPPPPPPPPPPRt 155
11.2.1  Hit/MiSS RaAt€ MONILOK ......uvveieieiiieieieeereteieieesseeesseseessesssesssessreseesesesnrrnrersrerernrnnnne 155

11.2.2  MISS LALENCY ..eeteiiiitieie ittt ettt e e st e e st e e annas 156

0 T o o To =0 0] 11T PP PPPPPPt 157
11.3.1  Cache Controller Programming .........ccc.uueeiieeeeiiiiiiiiieeee e seeiieer e e e e e sseeeneeeeeee s 157

11.3.2 Miss Rate MoNitor Programming ...............eeeeeeeerrerererrersersrereerrerersmeemrree... 157

2 - - N O Ted =T @0 o} o ]| = 158
220 T 1o o [ o o ) o PP PPPPPPt 158
12,2 AFCHIEECIUIE .ottt ettt e e e et e et e e eeaeaeeaasaaasasaesasasesssssssssssesesesasennnnnes 158
L12.2. 1 OVEBIVIEW ..iititeiiieiiieieesieteeesssessesasssesesssssasssssssssssssssssssssssssssssssssssssssssssssssssnsnsnsnnnnns 158

12.2.2  ENADIE/DISADIE.......uuteiiiiiiiiiiiiieieieteteveteeeteveaetereeesseeseeesessssaesrererarerrrarararararararaaa—a 159

D12.2.3  BYPASS -eereeiieieeiiiiiie ettt et a e e et e e e a e e e e e 160

S o V] o T PP PPPPPPNS 160

12.2.5  MiSS RAE IMONITON ... .uuuviiiiiiiiiiiieieiiierereseteresssessserreesrssreesesssersrrrrrrrrrrrrrrrerer.———————. 160

2 T o o To =2 1] 11T PP PPPPPPNt 160
12.3.1 Data Cache Controller Programming ...........c.coeccerrmereeessinnseeneereeesssnneenneereeeses 160

12.3.2  Miss Rate Monitor Programming ........c..ueeeieieaiiiiiiieee e 160

I T = 162
0 0 A 11 o o 11 o o o PP PPPPPPRt 162

R I Y o o) (= Tox (U (YOO PP OPOPPPPPPPPPPPPPPRt 162
14 Configurable MAC (CMAC) ... e ettt e et e e et e e st e e e sbbeeeeaabbeeeeaae 166
0 R 1 o Yo 11 o o o PP PPPPPPRt 166
S N o o) (= Tox (U (YRS OPOPPPPPPPPPPPPPPRt 167
I R B 7 - i [0 1T OO SPPPPPPPPPPRPPPPRS 167

14.2.2  DIBGNOSTICS .eeeiiiiitieeieeee e ettt e ettt e e e e e s s bbb e e et e e e e e s s bbb be et e e e e e s anbbbreeeaaaaeas 167

14.2.3  COEXIStENCE INTEITACE......uuviiiiiiiiiiiiiiitiietieeiereterereeereeeseaeereeereesesssssrererererererarerene 168
Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 6 of 1019 © 2022 Renesas Electronics



RENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

15 Sensor Node Controller (SNC) with Arm CorteX MO+ .......ccvveeiiiiiiiiiieeee e 170
S A o1 o To (¥ o 1 [o ] o I PPPPPPPPPPRt 170
ST N o o) (= Tox (U SR PPPPPPPPPRt 170

T R 11 (=] ¢ (U] o £ OO TPPPPPPTPTTNN 171
15.2.2  MEMOIY MBP ...ttt e e s s e e e e 172

G AN 1Y 0T ) {01 1 =Y 173
L 700 R 1o o [T 1o o PSPPI 173
G N o o1 (= Tox (U SO PPPPPPPPRPPRt 173
TR o (o o = 11 1110111 o PR OO T PO O PP O PPPPTPPPIN 175

A O o Yol Q7= 1= = a0 177
0 R O (o Tt I (= = PSPPI 177
17.2  Crystal OSCIlIAIOIS ... ..eeiiiiiiiii ettt ettt et e e s sabe e e s sanneee s 178

17.2.1 Frequency Control (32 MHZ CrysStal) ...........uuuuuerieeuiiiieiiiiiiieiieieieerneneeererenerenn. 179
17.3 RC OSCIIALOIS ...ttt e e et e e e e e e s et bt e e e e e e e e e e anbbbreeeeaeaeas 180
17.3.1  Frequency Calibration...........ccccoiiiiiiiiiiiie e 180
17,4  PLL oot e e h bt e e ot b et e Rt a e e e e e bt e e e e bt ee e e nnnaeee s 180

18 OTP CONIIOIEI ..oiiiiiiicii e 181
S T o o To [Wox 1o o [P PP PPPPPPPPPPPPRt 181
18.2  AFCRILECIUIE ...ttt ettt e e e e et e e e e e e s e bbb e e et e e e e e s aabnbreeeaaeeeas 181
S R T o 1 Yo =0 1] 011V P PPPPPPNt 183

19 Octa/Quad SPI FLASH CONtrOEr ... s 184
S A [ o To (W ox 1o o [P PO UOPPPPPPPPPPPPPRt 184
T N o 011 (=10t (0] (=P PP PP PPPPPPRP 185

S R 11 (=1 5 1= 1oL = OSSO OOPOPPPPPPPPRPPPPRS 185
19.2.2  SPIMOUES ...ttt ettt ettt e e ettt e e et e et e e e tae e e e nnras 186
19.2.3  ACCESS MOAES .....eeieiiiiieee ittt e e et e e e e e e e e e e 186
19.2.4  ENCIANNESS ...uvviiiiiiieieieierererereteresrestesreesessseeereresereeeerersrerrrrr.rerr..........———————————————. 186
19.2.5 Erase SUSPENU/RESUMIE .......uuuuuuririeeeeeueeerressesressrssesssssssersssrerrerresrrrrr... 186
19.2.6  ON-the-Fly DECIYPLION.....eeiiiiiiiiei ittt ettt 188
S R T o o To =0 0] 11T PP PRSPPIt 189
19.3. 1 AUIO MOOE ...ttt e et e e et e e e st e e s et e e e s antae e e e aneas 189
19.3.2  MaANUAI IMOGE ....eviiiiiieiiiieiieeeieteteteeeeeveteaetesesssesasassssssssssssssssssssssssssssssssssssesssnrernnes 190
19.3.3  ClOCK SEIECLION ...t a e e 190
19.3.4  RECEIVING DALA .....eviiieiiiiie ettt 190
19.3.5 Delay Line ConfigUration .................uueuueiiiuieiiiiiirrerereeseerireeereeeeererrre——————. 191

20 Quad SPI FLASH/RAM CoNtrollers .........cccviiiiiiiiiiiiiiciii s 192
22O 00 R 1oV Yo [T 4 192
2T N (o] ] (=Tt (0] =T 193

20.2. 1 INEEITACE .. ————————— 193

b2 T S o I 1Y/ o Yo = 193

20.2.3  ACCESS IMOUES ...ueieic e 193

b2 T S o To 1= g 1 (= 194

20.2.5  Erase SUSPENA/RESUME .....ccoiiuiiiiiiiiiieeiiiiee e aiiee e sttee e st e e e sbee e e s snbeeeessnaeeeeeanes 194

20.2.6  Low Power CoNSIAerationsS ........ccccceeeeeeieiiieeie e ccee e 196

{0 C T o (oo | = a1 0 111 o FO PP 197
Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 7 of 1019 © 2022 Renesas Electronics



RENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

20.3.1  QSPI Flash OPeration..........cccccuiiiiiieei i e s e e e e e e e s nnranae s 198

20.3.2  QSPI PSRAM OPEIatiON.....ccoiuiiiiieiiee e ettt et e e e ettt a e e e s st e e e e e e s e e snneeeeeeas 199

21 €MMC HOSE CONEIOIIET ittt sttt e e sab e e s st e e e s nnbee e e s anneeee s 202
20 I A 1o o To 18 o3 1T o I PRSP 202

P A N (o] 11 (=X (0 = PSPPSR 202
21.2.1  €MMC BUS PrOtOCOL. .. .cciiiieiiiiiiiiiie et 203

230 T = (oo |-V a 1 211 o RSP 204
21.3.1  Write and Read of 512 Bytes (Single BIOCK) ..........ccoeiiiiiiiiiiiiieciiiece e 204

2 L1 oY =\ YA @ Y 14 o | =T SRR 208
0% N 11 (o To 18 o3 1T o PRSP 208
P A (o] 11 (=101 (0= PP PRR 208
22.2.1 Parallel Display INtErfaCeS .........coiiiiiiiiiiiiie e 209

22.2.2  Serial Display INterfaCes ......cccooiiieieieeeieccisc e 211

22.2.3  COolOr INPUL FOMMALS .....uuii s 213

22.2.4  Color OULPUL FOIMALS ......eviiiiiiiiieeiiiiee ettt et e e et e e nneeeeeaes 214

72 T (0o | = 14 01 Vo 217

P22 B €1 PP 218
22 25 A 12 o To 11 o3 1T o I USRS 218

A I N (ol 11 (=Tox (1 = TP P PP PPT PR PPPPP 219
23.2.1  Configuration INtErface ........cccooeeieiiiiieeecccce e 219

23.2.2  Display LISt INtEITACE ........eeiiiiiiiie ittt 219

23.2.3  TeXtUIe INtEITACE. ... ...eeiiiiiee et 219

23.2.4  Framebuffer INterface ..........ooo i 219

23.2.5 2D Render CapabilitieS.......ccoooeeiiiiiieecc e 219

P22 e I o (oo 1= 010 111 o o TR O PP PRSP 220

24 DMA CONTIOIIBE 1.ttt oottt e e e e s bbbttt e e e e e e s bbb b e e e e e e e e e annbeeneeas 221
22 A 1 Y To 11 o3 1T o PSP 221
2 N (ol 11 (=T ox (1 PP PPPT T TPPPP 222
24.2.1  DMA PeIIPREIAIS......eeiiiiiiiiee ettt 222

24.2.2  InpUt/OULPUL MUKRIPIEXET ... . s 222

24.2.3 DMA Channel OPeration........ccccccoieeeeiiiiciciee e s 222

2 11 N AN g o1 1= 4o o S 224

24.2.5 Freezing DMA Channels........cooooiiiiioiiececeeeeeee s 224

24.2.6  Secure DMA Channel........cooo it e e 224

7 3G T = (0o | = 14 01 Vo 224
24.3.1 Memory to MemOry TranSTer ......ooo i 224

24.3.2  Peripheral to Memory Transfer ... 225

AR O Va1 (o T =Yg Yo [T o L= PP 226
P22 0 R 1 ¢ (o To [¥ o3 1T o R TP PPETT PP 226
BT AN o] 11 (= o3 (1 = SO 226
25.2. 0 AE S e — e e e et e e e e Ere e e e e treaeeantaraeeanrraeeeaans 227

25.2.2  Operation MOUES .......cooiiiiiiiiiiiie ettt et e et e e et ee e e s breeeeaaes 227

25.2.3  HASH .. a e a e nraaa e 227

AR B e (oo |- Ve 010211 o FO TP PPRTT TSP 228
25.3.1  AES ENQINE ProgramIMiNg......c.ceeeeiieeeeeiiiieeeiiieeeesieeeessteeeesssseeesssneeessnsneeesses 228
Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 8 of 1019 © 2022 Renesas Electronics



RENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

25.3.2  HASH ENgine ProgramMing ..........ccueeeeiiueeeeiiieeeessiieeeesniieeessssreeessssneeessnsseeesses 228

26 WaAKE-UP CONIIOIIEE c.eiiii it e e e e e e e e s et e e e e e e s ss st ae e e e e e e e e s nnnnenneees 229
P2 T R T 1 o To (U T o T o R PRSP 229

B ST A (o] 11 (= (0] = 229
b2 T = ToTo |- V2 1 211 o RSP 231
27 Wake-Up from Hibernation CoNtroller.......ccoiiiiiiiiiie et 232
247 % R 1V £ Yo [ T 4 232

P A Y (o] 11 (=101 (0 = PO RPRR 232
A7 T = (oo |- V2 10211 o SR 233
28 GENEral PUIPOSE ADC ... .. ittt e e e s e e e e e e e e s e et e e e e e e sanbataeeeaeeeeannrreaeees 234
b4 < 70 R [ Vi £ o [8 T 4o o TR 234
28.2  ATCIIEECIUIE ...ttt ettt e e e e e s bbb e e e e e e e s s anb b b e e e e e e e e e e nanrnnneeas 234
28.2.1  INPUE ChaNNEIS....ccoiiiiiiiie et 235

28.2.2  Operating MOUES .......coiiiiiiieiiiiie ettt e et e e e nneeaeaaes 236

28.2.3  CONVEISION MOAES ......ceiiiiieiiiiiitiie ettt ettt e e e eee s 238

28.2.4  AditioNal SEIINGS .. .eveiiiiiiiei ittt 240

28.2.5  NON-IdEAI EffECLS ... 240

28.2.6  Offset Calibration .......cccoooooiiiiiiiiieccceccceee e 241

28.2.7  Zero-Scale AQJUSIMENT ... ... s 241

28.2.8  Common Mode AdJUSIMENT ... s 241

28.2.9 Input Impedance, Inductance, and Input Setthing ...........cccceeviiieieiiiieeeiiiieees 242

28.2.10 Configurable Sample Manipulation...............cceieeiiniiiiiiieee e 242

P2 TS B = (oo |- V2 10211 o USRS 242
29 APPIICALION ADC ...ttt b e bbbt e e h et e e r et e s b e e e e anree s 244
A I N 11 (o o 18 od 1T o N TP PPPT T TPPPP 244

A I N (ol 11 (=T ox (1 (= TP PPPT T TPPPP 244
P24 IR T = oo |- Vo 10 211 o S 245
B0 AUAIO UNTE (AU) ettt b et e skttt e s bbbt e e s bbbt e e s sbb e e e s eabne e e s anneeee s 246
110 15 A 1o £ o 18 od 1T o N TP PPPT T TPPPP 246
L0 T2 N (ol ] (=Tt (0] =T 249
30.2.1  Data PathiS ... s 249

30.2.2  UP/DOWN SAMPIET ... s 250

L0 T2 T = |V I g (=T o - (o = 250

30.2.4  PDM INEEITACE ..ottt e e e e 256

30.2.5  DMA SUPPOIT ..cieeiiiiitetit ettt e e e s et e e e s e et e e e s 257

30.2.6 I OITUPES .. s 257

10 e B = (oo |- V0 10011 o FO TP PRTT PP 258
3 Y I PR 259
31 1000 R 111 £ Yo [8 T 1o T o T 259

1 I N o) 11 (=T o ] = 259
31.2.1  VOiCe DEteCtioN CONCEPL ...eeiiiiiiieeiiiiee it ettt e et e e bree e e aneeeeeaes 259

31.2.2  SYSLEM INTEGIAtION .....eeiiiiiee ittt e et e e e e e e 260

31.2.3  Operating MOGES ........ouiiiiaeiiiiiiie ettt e et e e e e s eaeeas 260

I3 C T o (oo | =T o1 0 111 o F PP 261
32 I2C INtEITACE .o 262
Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 9 of 1019 © 2022 Renesas Electronics



RENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

G 7205 A 1 1 £ To 18 o3 1T o 1RO 262
A A (o] 11 (=Y o 0] = 262
G R 7 O = 1= - 1Y/ T 263
32.2.1.1 START and STOP GENEIAtiON ......cccccciiiiiiiiiieiieeeisiiiiiiieee e e e s s ssierneeea e e s e sneenaees 264

32.2.1.2 CombiNed FOIMALS ... 264

Y2 N 74 O = o] (o o7 o | =SSR 264
32.2.2.1 START and STOP CoNitiONS .......cccceiiiiiiiiiieiie e 264

32.2.2.2 Addressing Slave ProtOCOL...........ueeiiieiiiiiiiiieiie e e e 265

32.2.2.3 Transmitting and Receiving ProtoCoIS ..........ccceeiiiiiiiiiiiiie e 266

32.2.3  Multiple Master Arbitration .............coooeiiiiiiiie e 268

32.2.4  CIOCK SYNCAIONIZALION .....ccceiiiiiiiiieee e s s e e e s e e e e s e nnrenae e 269

Y22 T = (oo |- V2 10211 o PRSP 270
33 IBC INtEITACE . 272
GG 700 N [ 11 £ o [8 T 4o o T 272
33,2 ATCRITECIUIE ..uvutiiiiiiiiiiiiiii s s 272
33.2.1  BUS CONFIQUIALION ....eeiiiieiie ettt e e e e s e e eeee s 274

GG 70 T o 10T 7= 12 011 T 274
G 1 = USSR 276
Y Nt R [ Vi £ o [8 T 4o T 276

G N N (o] ] (=Tt (0] = 277
34.2.1 UART (RS232) Serial ProtoCOl .......cccooeiiiieiiieiiecciccece s 277

34.2.2  ClOCK SUPPOIT ...eeeeiiiiiee ettt sttt e e bb e e e s bb e e e sbneeeeeaes 279

B4.2.3 I ITUPES ettt 280

34.2.4  Programmable THRE INTEITUPL.......cuuiiiiiiiiie et 281

34.25  ShadOW REQISIEIS. .. .. 282

34.2.6  DIreCt TESEMOUE ....uuue e 282

1T B = oo |- V2 10 211 o PSP 282
35 UARTI3ISO 7816 ...cenieeeeieeeeee ettt e e et e e et e e e e ete e e e et e e e eaa e e e esteeeeeaanes 284
35,1 INIFOAUCTION L..uiuiiiiiiiiiiiiiiiiiit s 284
T AN (o] ] (=Tt (0] =T 284
35.2.1  1SO7816-3 ClOCK GENEIALION ... 284

35.2.2 I1SO7816-3 TiMmer — GUArd TIME ....cccceiiiiiiiiiieeie e e e 285

35.2.3  ISO7816-3 ErrOr DELECHON .. ... 285

G0 T = 10T | 7= 14 211 T 286
36 SPIINtErfaCE ... 287
T 700 R 111 £ o [8 T 1o o T 287
ST N (ol ] (=Tt (0] T 288
36.2.1  SPITIMING titiiitiiieeiiiie e ettt e e sttt e e st e e e staeeeestaeeeestreeeeastbeeeesasbeeeesnsseeeesnsseeasanes 288

LG T o (oo | =T 010 411 o F PP TPRR 289
36.3.1  MASIEr MOUE ... —————— 289

36.3.2  SIAVE MO ... s 290

37 Real-TIiME ClOCK ..o 291
% R 1911 £ Yo [8 T 1o o T 291
G0 A o) 11 (=T o ] = 291

I RC I o (oo 1= 01 0 111 o F PR TPRR 292
Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 10 of 1019 © 2022 Renesas Electronics



RENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

38 GENEIAl-PUIPOSE TIMEIS ..uuiiiiiiiee e i e ittt e e e s s st e e e e e e s e st re e e e e e e e s s aaetaeeeaeeeesaasataeeeaeeseaanrreneees 293
TS 75 A 1o £ To 18 o3 1T o I PRSP 293
TS I A AN ol 11 (=T ox (1 (= PRSP 294

TS R O 1Y V1= PP OUPSPTPPPN 294
38.2.2 P BAIUIES ... s 294
1T S 0 T = oo |- Va1 211 o SRR 295

ICTe IV = {d oo Ko Yo N T 4 = SRR 297
1T I A 1o o To 18 o3 1T o PRSP 297
TS I AN ol 11 (=T ox (1 = PRSP 298
11 IR B = (oo |- Va1 211 o SR 298

39.3.1  SYStEM WatChUOQ. .. ..eeiiiiiiieiiiiiee ettt et e e 298
39.3.2  CMAC WaALChUOQG ... .ceeeiiiiiiie ittt ettt e et e e et e e e s nbbee e e s ntbeeaennes 299
39.3.3  SNC WaLCNAOG ..ottt ettt e e 299

A0 USB CONTIOIIEI et e et e e e e e s s et e et et e e e e e e nnbbeeeeeaeeaaannes 300
o Tt T 1 o Yo [ o 1o 1o SO UPERR 300
0.2 ATCRITECIUIE ...ttt e e e e e bbbt et e e e s e s bbbb e et e e e e e s e annbbeeeeaaeesaannnes 301

40.2.1  Serial INterface ENGING ........ooiiiiiiiiiiiiiee e e 301
40.2.2 Endpoint Pipe Controller (EPC) ..., 301
40.2.3  FUNCLONAI STAES ...ttt e e e et e e e e e e s sneraae s 303
40.2.4  Functional State DIagram ..........c.eeieiiiiiieiiiii e 303
40.2.5  Address DELECHON .......uuiiiiiieiiiiiiieie et e s 305
40.2.6  Transmit and Receive ENdpoint FIFOS .........ccooiiiiiiiiiiiiiii e 306
40.2.7  Bidirectional Control Endpoint FIFOO ..., 307
40.2.8  Transmit ENAPOINt FIFO .......oooiiiiiiiiiiiiieiie e 308
40.2.9 Receive ENdpoint FIFO ... 309
40.2.10 Interrupt HierarChy ... 310
40.2.11 USB POWEr SAVING MOUES .....cocuiiiiiiiiiiieiiiiie ettt 311

g I TS D Y =T PP 313
a0t R [ 1 (o To [ o 1o o TP UT T UPPPPPPPPPTN 313
O N X 1 (=T ox {0 = SRR 314
e B o To [ r= V0111 41T oo TR P PP PP OTPRR P 314

A2 INPUL/OULPUL POTTS ..ottt ettt sttt et e e b e e e e bt e e e nbe e e e e nbaeeeeanneas 315
2 R [ 1 (o To [ o 1o o TP UPPPPPPPPPTN 315
N ol 11 (=T ox {0 = SO 315

42.2.1 Programmable Pin ASSIgNMeNt ..., 315
42.2.2  General PUrpoSe POrt REJISIEIS. ....cocuuiiiiiiiiiie it 316
42.2.3  Fixed Assignment FUNCHONANLY ..........eeiiiiiiiiiii e 316
42.2.4  GPIO State Retention While SIeeping...........oeveiiiiiiiiiiiiiieee e, 319
42.2.5  Special I/O CONSIAEIAtIONS .........vveieiiiiiie ittt seeee s 320

G T - Vo T PP 321
e 700 R [ 1 7o To [ Tox 1o o PR PPRRPRN 321
e B Y o] 11 1= Tox {0 = USRS 321

L B0 N o= To7 =1 S 321
43.2.2  SYNINESIZEN ... 322
e B T I - 1011 10111 Y RS 322
Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 11 of 1019 © 2022 Renesas Electronics



RENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

43.2.4  RFIO ittt 322

43.2.5  BIASING «eeiiitiiiieitie e 322

43.2.6  RF MONITOTING ..utteeieiiiieee ittt sttt e s e s e e s snnnee s 322

Y o [ (=] = PO PPPPPPT 323
441 AMBA BUS REQISIEIS. .. .uuiiiiiiie e ettt e e s e sttt et e e e s s s e e e e e e s s s st e ereaeeesaasanrerareeaeesaannnns 323
44.2 Crypto-ENGINE REQISIEIS ...ttt ettt et et e s 329
44.3 Analog MIiSCEllaNe0oUS REQISTEIS ......uuiiiieeiiiiiiieieee e e s erctrerr e e s s s e e e e e s e st ereeaeessannes 334
44.4 Cache CoNtroller REGISTEIS .....ccci ittt e 335
445 Charger REQISIEIS .. cciiiiiiie ittt e et e e et e e e et e e e abee e e e anens 341
44.6 Clock Generation Controller REJISIEIS .......cc.uviiiiiiee i e e 384
44.7 Data Cache Controller REQISTEIS ......c.ouiiiiiiiiiieiiiiie et 428
44.8 SIMO DCDC CONVerter REQISIEIS ....ciiiiieieie e s 431
449 DCDC B00St CONVEIEr REJISIEIS ...cciiiiiieiiiiei ettt ettt 432
44.10 DMA CoNroller REGISIEIS .. ..veiieiiiiieee ittt e e 437
44.11 General Purpose ADC and Application ADC ReQIStErS.......cccceeiiiriiiiiiiiiieeicesee e e 468
44.12 General PUrPoSE /O REGISIEIS .......iiiiiiiiei ittt 474
44,13 General PUrPOSE REQISTEIS ... .. 520
A4, 14 GPU REQISIEIS ...ttt ettt ettt ettt e e st e e e ea bt e e e aab et e e e aabr e e e e anbeeeeennens 523
44,15 12C CONrOller REQISTEIS .. .. s 540
44,16 13C CONrOller REQISTEIS .. ... 612
44.17 Display Controller REQISTEIS ....ccoiviiieiiiiie ettt 648
44.18 Memory Controller REQISTEIS ......ciie i 665
44.19 Octa/Quad-SPI Flash Controller REQISLErS .......coocuviiiiiiiieeiiiie e 678
44.20 eMMC CoNtroller REQISTEIS ... .. 695
44.21 OTP CONtrOller REGISIEIS ...ttt et 760
44.22 AUAIO UNIt REGISTEIS .....eiiieiiiiiie ettt ettt 764
44.23 Power Domains Controller REQISIEIS .......ccoiiieiiciceee e 777
44.24 LED CONtroller REJISTEIS ......viiieiiiieee ittt ettt ettt 786
44.25 Quad SPI Controllers REQISIEIS ... ... s 789
44.26 Real TIMe ClOCK REGISIEIS. .....oiiiiiiiei e e 818
44.27 Sensor Node Controller REGISTEIS .......uuiiiiiiiiie ittt 824
S ] e I @ a1 (o)L= =T 1] (=T 826
A4.29 TIMEIS REQISTEIS ...eeiiiiiitiie ettt ettt e st e e e e bt e e e it e e e e aabe e e e e anbae e e e anbns 837
e {0 AN I =T 1] (=T 883
44.31 USB CONrOllEr REGISIEIS ...ttt ettt et et 967
44.32 Voice Activation Detection Controller REgISters .........c.uuviiiiiiiiiiiiiieee e 1002
44.33 SilicON VErsion REQISIEIS ....ccoiiiiiiiiiiiiie ettt ettt e e e e s e sabb e e e e e e e e e annnes 1005
44.34 Wake-Up Controller REGISIEIS .....uuiiiiiiiieee ittt sbaeee e 1007
44.35 Watchdog Controller REGISTEIS ........eiiiiiiiiiiieiee ettt e e e e e e 1012

45 Ordering INFOIMALION ...ooii it e e et e e e e e e s e s abbe e e e e e e e e e aannaes 1014
46 Package INFOIrMAatioN ...t e et e e e e e s e aabb e e ee e e e e e e annnaes 1015
46.1 Moisture Sensitivity LEVEI (IMSL) .....coiiiiiiiiiiiiiee ittt aaeee e 1015
46.2  Soldering INFOMMALION .......coiiiiiie ettt e et e et e e e sbaeeeeanes 1015

A7 Package OULIING DIaWING ....ceeiiiiieeiiiiee ettt ettt sb e e s st e e e s snbee e e e anenas 1016
REVISTON HISTOMY ...eiiiiiiiiiii ettt ettt sttt e s bbb e e s bt e e s snbe e e s anbbeeesannneee s 1017
Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 12 of 1019 © 2022 Renesas Electronics



DA1470x RE NESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

Figures

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:
Figure 20:
Figure 21:
Figure 22:
Figure 23:
Figure 24:
Figure 25:
Figure 26:
Figure 27:
Figure 28:
Figure 29:
Figure 30:
Figure 31:
Figure 32:
Figure 33:
Figure 34:
Figure 35:
Figure 36:
Figure 37:
Figure 38:
Figure 39:
Figure 40:
Figure 41:
Figure 42:
Figure 43:

DY I 0 Q=] oYt QI T= o [ - 1 ¢ ISP 40
VFBGAL42 Ball ASSIGNMENT ....veiiiieeiiiiiiiei e e e e e e ettt e e e e e e e s st e e e e e e s s s snabaeeeaeeeessnnnnaneeaaeeeas 42
Digital POWET DOMAINS ....ciiieiiiiiiiiiiiee e e e s sttt e e e e e e s s et e e e e e e s s ssstae e e e e eeessansaareeeeaesssannenneees 100
POWERUP, WAKEUP, GOTO SIEEP ...ccvvie ittt 102
POWERUP Timing DIagraim .......ccooouiiiiiiiiieee ittt et st e e snne e 103
WaKe-UP ProCESS FIOW .....ccoiiiiiiiiiiiee ettt 104
WAKEUP from HIDErNAtioN ........coooiiiiii e 105
WAKEUP Timing Diagram (RCLP 512 KHZ) ......c.ccuiiiiiiiiieiieeeee e 105
WAKEUP Timing Diagram (RCLP 32 KHZ) ......ccooiiiiiiiiiiie e 106

Fast WAKEUP TimiNg DIAQIam .....cccceiiiciiiieieeee e ceciieeee e e e e s ssisine e e e e e s s snnntnnaeeeeaeessnnnnnnees 106
VAD WAKEUP Timing DIagram .......ccccuvuiiiieeeisiiiiiiee e e e e s s seiteeesee e e s s snninnee s e e e s s snnnnnnneaeeees 107
GOTO Sleep TimMiNG DIagram .........ccvuiiiiieeee e e e e e ssere e e e e e s ssrr e e e e e e s s snnraeereaeaes 107
BOOtROM FIOWCRAIT ...ttt 113
Power Management Unit Architecture ..............c.cco oo 123
SIMO Buck Converter Block Diagram ... 124
DC-DC Boost Converter BIOCK DIagram .........cc.ueiiiiiiieiiiiiie i 125
DC-DC BOOSE PHNCIPIE ......eeiiiiiiiii ettt 125
CAIGEI FSM ...ttt sttt e s et e s ettt e e e e e e e annas 128
NTC Battery Monitoring CONNECLIONS .........eiiiiiiiiieiiiiiie ittt 129
Battery Temperature Monitoring FSM.........ooo it 130
Charger Protection Mechanism DIiagram ...........cc.eeeiiiiieiiiiieeeniiee e 133
Charger Detection CirCUIL..........ccovviiiiii e, 134
Charger Detection HW FSM ..o, 136
Battery Check Block Diagram ........ccoooeviiiiii i 136
Transistors for Discharging Rails by SW ... 137
Power Domain Controller Block Diagram ..., 138
BOD BIOCK DIBOIAIM ...ceiiiiiiiiiiiiiiee ettt sttt e ettt e e e e sabbe e e s nnnneee s 142
RESEt BIOCK DIBGIAM ...oiitiiieiitiiee ettt ettt ettt ettt ettt e e nabb e e e s nabn e e e e annneee s 144
Power-on Reset Timing DIAgram ..........coouiiii ittt seaeee s 150
ARM M33 ETM and MTB INteQration ..........cocueeiiiiiieiiiiiiee ettt 152
Cache Controller BIOCK DIagram ..........ueieiiiuiieiiiiiee ittt 155
Data Cache Controller BIOCK Diagram ..........cocueiiiiiiiiiiiiiiiee i 158
BUS ANCNITECTUIE ...ttt n e s 163
Configurable MAC Block Diagram ... 167
CMAC Diagnostics Timing Diagram..........cccoovviiiiiiiiiiic e, 168
COBXISIENCE INLEITACE ....oiiiiiiieiiieie ettt 168
Coexistence Signaling Cases .......coovvviiiiiiii e 169
SNC with Arm Cortex MO+ Block Diagram ..., 170
(03[0 Tod QN I (=TT B =T [ =10 RO PP SRPTPRPO 178
Crystal OSCIllAtOr CIFCUILS ......eiiiiiiiieiiiiie ettt e e e 179
XTAL32MHz Oscillator Frequency THMMING .........oeeiiiiiieiiiee e 179
OTP Controller BIOCK DIagram ........ccoiuiieoiiiiieeiiiieee ettt 181
OQSPI FLASH Controller BIOCK DIagram ..........ccueeeiiiiiieiiiiee e 184

Figure 44: Erase Suspend/Resume in AULO MOE .........c.ueiiiiiiiiiiiiiiee ettt 188
Figure 45: QSPIC FLASH Controller BIOCK DIiagram ............occuviueeiieeiiiiiiiiieee e 192
Figure 46: Erase Suspend/Resume in AULO MOAE ........cooiiiiiiiiiiiiiie e 196
Figure 47: QSPI Split Burst Timing for Low Power (QSPIC_FORENSEQ EN =1) .....ccccccoviiuinnneen. 197
Figure 48: QSPI Burst Timing for High Performance (QSPIC_FORENSEQ EN =0).........ccccuvvveen. 197
Figure 49: eMMC Host Controller BIOCK DIagram .........ccoeeiiiiiiiiieiiee et 202

Figure 50:
Figure 51:
Figure 52:
Figure 53:
Figure 54:
Figure 55:
Figure 56:
Figure 57:

eMMC Block Read OPEIatioN .........cocuiiieiiiiiieiiiiiie ettt 203
EMMC BIOCK WItE OPEIatiON.......eiiiiiiiiieiiiiie ettt et 204
Display Controller BIOCK DIiagram .........cocueiieiiiiiieiiiiiee i seeee e snaeee s 209
HSYNC/VSYNC Typical WavefOrmM ........cueeiiiiiiiieiieiee et 209
HSYNC/VSYNC Color Bits WavefOrm ... 209
GPU 2D BIOCK DIBGIAM ..itiieeiiiiiiee ettt ettt ettt e st e e s snbae e e s snbneeeennnes 218
DMA Controller BIOCK DIBQIAM ......ccuia ittt e e e e e eneaeeeeas 221
DMA Channel DIAQIaIM ........ooiuueiiiiiieeeieete et e ettt e e e e e e abbbaeeeaae e e e annneeeeeas 223

Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 13 of 1019 © 2022 Renesas Electronics



DA1470x RE NESAS

Multi-Co

Figure 58:
Figure 59:
Figure 60:
Figure 61:
Figure 62:
Figure 63:
Figure 64:
Figure 65:
Figure 66:
Figure 67:
Figure 68:
Figure 69:
Figure 70:
Figure 71:
Figure 72:
Figure 73:
Figure 74:
Figure 75:
Figure 76:
Figure 77:
Figure 78:
Figure 79:
Figure 80:
Figure 81:
Figure 82:
Figure 83:
Figure 84:
Figure 85:
Figure 86:
Figure 87:
Figure 88:
Figure 89:
Figure 90:
Figure 91:
Figure 92:
Figure 93:
Figure 94:
Figure 95:
Figure 96:
Figure 97:
Figure 98:
Figure 99:

re Wireless SoC Family with PMU and GPU Final

Crypto ENGINE ArChItECIUIE ...ttt e e e e e e s e st re e e e e e s e annes 226
Wake-Up Controller BIOCK Diagram ...........ceeeiiiiiiiiiiiie e ciiiieeeee e e sssiiineee e e e e s s ssnnnnneeeeee s 230
EdQe SENSILIVE GPIO ...oiiiiii it e e e e et e e e e e e s et re e e e e e e s nnrnneeees 231
LeVEl SENSITIVE GPIO ...eoiiiiiiiiie et e e e et e e e e e e e e nneneeeeas 231
Wake-Up from Hibernation BIOCK Diagram ...........cccceeiiiiieiiiiiiieeiiieee e 232
Block Diagram Of GPADC ..........uiiiiiiiie ettt ettt ettt e s nnneee s 234
GPADC Operation FIOW DIBQIaIM ........c..oeiiiiiiiaiiiiiee ittt 237
Application ADC BIOCK DIBQIEAIM........cciiiuiiiiiiiiieeeiiieee ettt et e et e e sbbeeeesnnneeeeaaes 244
AUdio MOAE Data Path ........couuiiiiiiiiie ettt 245
P o [T UL 1 2] oTe] Xq B IT- Vo | -1 o NP 248
Inbound and Outbound Audio Streams Data Paths..........c.ccccceeiiiiiiiiiiiie e 250
PCM INterface FOMMALS .....cooiiiiiiiiii et e e e e 255
DA 1Y, To = PP PPRTPRP 256
TDM Mode (Left JUSHIfied MOAE) .......ccuviiiiiee e e e 256
PDM MONO/SEEIE0 FOIMALS .....vvviiiiiieeeiiciiiiiie e e e e sttt e e e e e e s e e e e e s e s s e e aeaeeeesnneeeeeeas 257
SRC PDM Input Transfer FUNCHON .........coiiuiiiiiiiie et 257
Block Diagram of the VAD and the Digital Control Unit ............ccccooviviieiiiieneiniiee e, 259
Voice Activity DeteCtion CONCEPL .....ceiiiiuiiieeiiiiee ettt s e 259
VAD/AMIC/PGA CONNECHION ...eeiiiieeiiiiiiiieii e e e e s ettt et e e e e s st ee e e e e e s s sssteaeeeeeeesssnnnneeeeaaeeeas 260
VAD OPErating MOUES ......ccoiiiiiiiiiiiie ittt e e bt e et e e e s bbe e e s snbneeeeaes 261
[12C Controller BIOCK Diagram.............uuuuuiui s 262
Data Transfer 0N the 12C BUS .......ooiii i 263
START and STOP CONItIONS........uuuiiiiieiiiiiiiiie et e e e e s re e e e e e e aanes 265
7-Dit ADAreSS FOIMAL......ouiiiiiieii et e e e e re e e e e e e e aenes 265
10-Dit AAArESS FOIMMAL....cciiiiiiiiiiiiii i e e e e s bbb e e e e e e e s nnneneeeeas 266
Master-TransSMitter PrOtOCOL...........ooi i 267
Master-ReCeIVEr PrOtOCOL...........viiiiiie ettt e e e e e e ee s 267
START BYTE TIaNSTEI ...eetiiiiiee ittt e e e s e r e e e e e e s s sentreeeeaeeesennnnes 268
Multiple Master ArbItratioN ............ooeiiiiiiiii e 269
Multiple Master Clock SYNChronization ............c.eeiiiiiiiiiiiiie e 269
I3C Controller BIOCK DIagram...........eeiiiiiieiiiiiie ettt sbree e 272
UART BIOCK Diagram ........ccoooiiiiii i, 277
Serial Data FOMMAL .........ueiiiiiiiei et e e e e et e e e e e e e e aanes 277
Receiver Serial Data Sampling POINtS ... 278
Flowchart of Interrupt Generation for Programmable THRE Interrupt Mode.................... 281
Interrupt Generation not in Programmable THRE Interrupt Mode ..........cccooeveiiieiiiiiceennn. 282
Smart Card (ISO7816-3) Block Diagram ............cooooviiiiiiiii 284
SPIBIOCK DIGIAM ...ttt sttt a bt e e et e e e e 287
SPI Slave Mode Timing (CPOL = 0, CPHA = 0) ...cooiiiiieiiite e 288
Real-Time CloCk BIOCK DIgram .........ccouiiiiiiiiiiiieiiiiiee et 291
General Purpose Timer's Block Diagram..........ccceioiiiiiiiiiiiiiiice e 293
System Watchdog BIOCK DIagram.........coeiiiuiiiiiiiie et 298

Figure 100: USB NOde BIOCK DIGQIAM ......ccciiiiiiiiiiiiee ittt ettt et e et e e e sbneeeeaae 301
[ To U T g =30 =T [T A @7 o= > o o 302
Figure 102: Node Functional State Diagram ........cccooeeiiiioiiiiieiee s 304
Figure 103: USB Function Address/Endpoint DeCOdiNg ............uueeeiiiiiiiiiiiieiiee e 306
Figure 104: ENAPOINT O OPEIALION ..oceiiiiiiiiieeeie ettt ettt e e et e e e e e s e s sanbb e e e e e e e e s anneeeeeeas 308
Figure 105: USB TX FIFO OPEIAtiON ........uuiiiiiiaeiiiiiieiiee ettt ettt e e e e e s et eae e e e e e e s e s nnbeeeeeas 309
Figure 106: USB RX FIFO OPEIatiON ........ccciiiiiiiiiiiiieeiiiieeeatieeeestieeessbteeesstaeeeesnbneeessnbneeeesnneeeeesne 310
Figure 107: USB Interrupt Register HIErarChy............ooo oot 311
Figure 108: USB_Dp ReSIStOr SWILCHING.......iuuiiiiiiiiiii ettt 312
Figure 109: USB_Dm ReSIStOr SWItCHING.......uuiiiiiiiiiei ittt 312
Figure 110: LED Driver BIOCK DIBOIAIM .......coiiuiiiiiiiiieeiiiiie e itiee e stiee e sttee e staee e e snbneeeesbaeeessnnneeeeanes 313
Figure 111: Port PO, P1, and P2 with Programmable Pin ASSIgnment ...........cccccviieiiiniieneinieenenns 315
Figure 112: Latching of Digital Pad SigNalS ..........ocuuiiiiiiiiiiiieee e 319
Figure 113: Latching of QSPI Pad SigNalS........cooi ittt 320
Figure 114: Radio BIOCK DIBQIAIM ....ccoiiiiiiiiiieie ettt e e e e e et e e e e e s e s snneeeeeeas 321
Figure 115: VFBGA142 Package Outling DIaWiNg ......cceeeaeiiieiiiiiaee e iiiiieee et ee e e e iieeeeeas 1016
Datasheet Revision 3.2 10-Nov-2022
CFR0011-120-00 14 of 1019 © 2022 Renesas Electronics



RENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

Tables

Table 1: DA1470x Product Family Differentiation ...........cccueveeeei i ccsiieir e e e 41
Table 2: DALA70X PiN DESCIIPLION ....uvuiiiieeeiiiiieiieeeeeesessiiere e e e e e s s ssnbeaeeeeeeessassnraaaeeeeeesssasnsranreeeeessasnnes 43
Table 3: Absolute MaXimum RatiNGS .......cccoiiiiiiiiieie e ee e e s s s e e e e e e s s s e e e e e e s s ssnnrreaeeeeeesennsnes 61
Table 4: Recommended Operating CONAItIONS .........cciiiiiiiiieie e er e e e e e e e e e s e aenes 61
Table 5: DC CharaCteriStiCS. . .uuee it iiiiiiiiie ettt e e e s s et e e e e e e s s ab et e e eeeeeeesasnnbeeeeaaaeesaannes 62
Table 6: TIMING CharaCteriSHCS ......cciiiuiiiiiiiiii ettt ettt e e s sabr e e e s aneeee s 64
Table 7: Thermal CharaCteriSTICS .......uuuiiiie ittt e e e et e e e e e s e et e e e e e e e s e aannbeeeeeaaeeeeannnes 65
Table 8: Reset PAD - Recommended Operating CoNditioNS ...........cocuveieiiiiiieiiiiee e 65
Table 9: Reset PAD - DC CharacteriStiCS .........uuiiiiiiiiiiiiiiiiie et ee e ee e e e e e eeees 65
Table 10: Brown-out Detector - DC CharacteriStiCS .........ciiuiiiiiiiiiie e 65
Table 11: GP-ADC - DC CharacCteriStiCS .......uuiiiiuiiiieiiiiiie ittt siieee et e et e e e e s snbeee e s snneeee s 67
Table 12: GP-ADC - AC CharacCteriStCS ......uuiieiueiiieiiiiieeiiieeee st eeessiieee e st eeesssbeeeessnseeeessnseeeessnneeees 68
Table 13: GP-ADC - Electrical PErfOrMANCE ..........ovvviiieiiieiiieiiieieeeeeeeeeeeeeeeeeeesaeesaeessseessesererererererernrnne 69
Table 14: Application ADC - Recommended Operating ConditioNns ...............eeveeeeeeeeeeeeeeieeerererereennenn. 69
Table 15: Application ADC - DC CharaCteriStCS .....uuuuuuririerreeieieieeeieeeeeeeeeeerersrseseererererererererere——.. 69
Table 16: Application ADC - AC CharaCteriStiCS ......cocuuviiiiiiiieiiiiiie ittt 69
Table 17: Application ADC - External Electrical CONditioNS .............oovuiiiiiiiiiieiiiiee e 70
Table 18: Application ADC - Electrical PerformanCe...........c.ueviiiiiiiiiiiiie e 70
Table 19: DCDC - Recommended Operating CONAItiONS ..........cuueiiiiiiiieiiiie e 71
Table 20: DCDC - DC CharaCteriStiCS .. ...ceeiiiueiiiiiiiee e ieeiiiiiie et e e e s s sieeee e e e e s s seebeeeeeeeeessssnnereeeeeaeesennnnes 71
Table 21: DCDC - AC CharaCteriSTICS ..uuuieeeiiiueieiieeieeeiesiiiieieetee et s sssnteeeeeeeeesassssteeereeeeesssssnereeeeeeessaansnes 71
Table 22: Boost DCDC - Recommended Operating ConditioNs ...............eeeveevieeeeeieeeierereierererereneennnn. 72
Table 23: BOOSt DCDC - DC ChaAraCleriStICS. ... uuuutiieeeiaiiiiiiiieieeesaaiitee it e e e e e et ee e e e e e s s siibeeeeeea e e s aenes 72
Table 24: Clamp V30 - DC CharaCteriStICS .......uuuiiiiiiiiiiiiieiiieieieieieeeeeeseeeseesesesssssseeraeerererererererer... 73
Table 25: Clamp VDD - DC CharacCteriStiCS .......uuuuuiiiiiieiiieiieeieiiieieeeeesseesssssesssssssseereeeeererererererer.. 73
Table 26: Vsys Generator - Recommended Operating ConditioNS.............vvvvvivieeeeeeeeeeeieieeerererenenennnn 73
Table 27: Vsys Generator - DC CharacteriStCS ........oouuviiiiiiiiieiiiiiie e 73
Table 28: Vsys Generator - Electrical Performance ..........occuivi i 74
Table 29: VBAT SWitCh - DC CharaCteriStiCS ... .uuuviieeeiiiiiiiiieie e issiiieie e e e e e s eseiee e e e e e e s s snnnereereaaeesenenes 74
Table 30: LDO V30 - Recommended Operating ConditioNS ...........cooiueiiiiiiiieeiiiiie i 74
Table 31: LDO V30 - DC CharacteriStiCS .......cuuuiiiiieeiiiiiiiiieeie e s s siieee e e e e e s s sneieeeeeeeeesssnnneeeeeeaeeeseannnes 74
Table 32: LDO V30 RET - DC CharaCteriStICS .....uuuieeeiiiiiiieiieieeeiesiiiiiireeeeesesisieeeeeaeeesssnneneeneeeeesennnes 75
Table 33: LDO V30 RET - Recommended Operating ConditioNS.............cevvvveveieeereeeeeriieiererereresennnnnn 75
Table 34: POR VSYS - Recommended Operating CONAItiONS ...........covvvveriieeeeeieeeeeiererersrererereserennnnnn 75
Table 35: POR VSYS - DC CharaCteriStiCS ... ...uuuuiiiiiiiiiiiiiiiieie ettt ee et e e e e e e 75
Table 36: POR V30 - Recommended Operating CONitiONS..............uvveiiieriieiiiiiiiiieeeeeieesrerererererennnnn. 76
Table 37: POR V30 - DC CharaCteriSHiCS ........uuveeitiieeeiiiiiietiee e e e sttt e e e e ettt ee e e e e e s s ssnbreeeeaaeesaaenes 76
Table 38: XTAL32k - Recommended Operating CoNditiONS ............evvvieiiierieeieeeeeierereeererererererererere.. 76
Table 39: XTAL32K - TiIMING CharacCteriStiCS .......uuueiiiiiiiiiiiiiee ettt sanaeee s 76
Table 40: XTAL32M - Recommended Operating ConditioNS...........coccuveiiiiiiieiiiiiee e 77
Table 41: XTAL32M - Timing CharacteriStCS.........cuiiiuiiiiiiiiiie e 77
Table 42: RCX - TIMING CharaCteriStiCS .......uuiiiiiiiiiiiiiiie ittt 78
Table 43: RCHS - Timing CaracteriStiCS ........ciouuriiiiiiiiiiiiiiie ettt 78
Table 44: RCHS - Recommended Operating CoNditioNS..........ocuviiiiiiiiieiiiiiee e 78
Table 45: RCLP - Timing CharaCteriStiCS .........uuuuiiiiieiiiiiiiieie ettt ee e e e e e e e e e e e e 79
Table 46: PLL 160 MHZ - AC CRaraCteriStCS. ... ..uueiiaaiiiiiiiiieeee ettt ee e e e e e einbeeee e e e e e e aeees 79
Table 47: PLL 160 MHZz - TIMING CharaCteriStCS .......ciiiuuiiiiieie et e e e e 79
Table 48: PLL 48 MHZ - AC CharaCleriStCS. ... .uuueteieeaiiiiiiiiieie ettt e et ee e e e e ee e e e e e s neees 79
Table 49: PLL 48 MHZz - TiMiNG CharaCteriStiCS.......couiiiiiiieiieiee ettt ee e e e e e e 79
Table 50: Charger - DC CharaCteriStCS ........uiieiuiiieeiiiiie ettt e s e e s snnee e e s snneeee s 79
Table 51: Battery Check - DC CharaCteriStCS. ... ...uiiiiuiiiiiiiiiie e 82
Table 52: PAD 1/O LowDrive - Recommended Operating Conditions ...........ccoovueeeeiniieeeniiieeenniieen 82
Table 53: PAD I/O LowDrive - DC CharaCteriStiCS .......ciiuuririeieeeiiiiiiiiieeeee e s sssiieereeeeesssnnnseeeneaeeesennnes 82
Table 54: PAD 1/0O Wake-up - Recommended Operating Conditions ............coourieiieiniiieeiniieeenniieeen 83
Table 55: PAD 1/O Wake-up - DC CharacteriStiCS .........uieiiuriiiiiiiiieiiiiiee s et sieee e e sneeee s 83
Table 56: PAD I/O Display SPI - Recommended Operating ConditionS.............ceeeveeriiiiiiiiieeee s 84
Table 57: PAD I/O Display SPI - DC CharaCteriStiCS ........uuueieiiaiiiiiiiiiieeie et e e e e e eiiieeee e e e e e 84
Datasheet Revision 3.2 10-Nov-2022
CFR0011-120-00 15 of 1019 © 2022 Renesas Electronics



DA1470x RE NESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

Table 58: PAD OQSPIF - Recommended Operating ConditioNS...........ccceeeviiiiiiiireeeeeicisiieieeee e 84
Table 59: PAD OQSPIF - DC CharacCteriStiCS .....uuuuurriirerrreieeeieierereeseeseresererssesssesereressssrsssrsrsr... 85
Table 60: PAD QSPIC/QSPIC2 - Recommended Operating Conditions..........ccccceveeeviiiiiieeeeee e, 85
Table 61: PAD QSPIC/QSPIC2 - DC CharaCteriStiCS .......uuerieieeeiiiiiiiiiieeeeeseiiiiieieee e e e s seinieeeeeaee e s eeees 86
Table 62: LED - DC CharacteriSHCS ......ccieeeiiiiuiiiiiieiee ittt e et ee e e e e s e st e e e e e e s s snnbreeeeaaeeeennnes 87
Table 63: LED - AC CharaCteriSTICS .....cuuieeeiiiiiiiiieiiee e ittt e e e e e s s sttt e e e e e e s e st eeeeaeessasnnbreeeeaaeesaannes 87
Table 64: LED - Programmable CONItIONS..........uiiiiiiiiieiiiiie et 87
Table 65: PAD I/O USB PHY - DC CharacteriStiCS ........cuuuiiiiieeiiiiiiiiie e eesiieie e sieeee e e e e 87
Table 66: PAD I/O USB PHY - Recommended Operating Conditions............cccccveveeeiiiiiiiieeeee e 88
Table 67: USB Charger Detection - DC CharaCteriStiCS .......uuieeeiiiiiiiiiieeeeeiiiiiiiireee e e s sssnineneeeeeesenenes 88
Table 68: VAD - Recommended Operating CoNditioNS ........cccceeiiiiiiiiieiieeeiiiiiieir e e s sssireee e e e e e 89
Table 69: Temperature Sensor - DC CharacteriStiCS .........uuuiiieeiiiiiiiiiieiee e 89
Table 70: Temperature Sensor - Electrical PerformancCe.........cccovcuivviiiii s 90
Table 71: Radio BLE 1M - Recommended Operating Conditions.............ccooviiiiireieeeiiiiiieeeeee e 90
Table 72: Radio BLE 1M - DC CharacteriStiCS ......cuuieiiiiiiiiiiieie ettt e s esiieeee e e e e sieireee e e e e e s neees 20
Table 73: Radio BLE 1M - AC CharaCteriStICS .....uuuiieeiiiiiiieiieieeeissiiiieireee e e sesiiieeereeeessssnneeeeeeeaeesenenes 91
Table 74: Radio BLE 2M - Recommended Operating ConditioNS............coouveieiiiiieiiiiiie e 94
Table 75: Radio BLE 2M - DC CharacteriStiCS ......uuuiiiiiiiiiiiiieie e issiiiiie et e sesiieee e e snireee e e e e e s e 94
Table 76: Radio BLE 2M - AC CharaCteriStICS .....uuuieeeiiiiiiiiiieieeeiesiiiiiie e e e e e s s siiieeee e e e e s s s snnireeeeaeeesennnes 95
Table 77: Power DOmMaiNS DESCHIPLION .....couuiiiiiiiiie ittt 101
Table 78: WaKE-UP MOUES..........oueiiiieiiiieieiiiieeieeeeeeeeeeeeeeeeeeeeeaeaaesessessessasssasesssesssssssssasssssssssssnnnsnnnnnnes 104
Table 79: Power Modes and Various ConfigurationS................uuvveieiiieieiereierereeeeeeerereseeesesererere.. 109
TabIe 80: OTP LAYOUL .....eeviiiiiiiiiiiiiieieeeeeeeeteeeeeeeeeeeeeeeeseseeeseeeeeeaeessssssssssasssssssssssssasssssnsssssnsnsssnnnsnsnnnnes 111
TabIe 8L: MEMOIY MAP......cueiiiiiiieieieieeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaesssssesssssasssssssssssssssssssnsssssssssssnnnrnsnnnnns 115
Table 82: BUSY StatuS REQISIEN L......ooiiiiiiiiiiiieiiieiiieieee ettt eeeeeeeeteeesasesesesssasesesesesssesesssesesnsnnnnns 119
Table 83: BUSY StatUS REQISIEN 2......oeeieieieiiiiieieeeeeeeeee ettt e e eeetaeeaaeesesesssasesesesesssesesssesssnsnnnnes 119
Table 84: ReMAPPING OPLIONS ......uiiiiiiiiiieiiiei ettt ettt e e sttt e e e aa b e e e enbneeeeannes 119
Table 85: Security Configuration OPLIONS. ........coouriieiiiiie ettt snees 120
Table 86: Charger Error INTEITUPLS ...oo..uiiieiiiiie ettt sttt e et s it e e e e nbn e e e e snnns 131
Table 87: Overview of Charger State Transition INTEITUPLS .......ocuviieiiiiiie i 132
Table 88: USBP, USBN CoNtact DEIECHON .......cvveeie et e e e e e e e e e e eeaaaen 135
Table 89: Charger TYPE DELECHION ........evviiiiiiieiiieieieeeieeeee ettt ee e eeeaeeeaasesesesssesesesssesesssssesesernsnnnees 135
Table 90: Secondary Charger DELECHION .........cuvviiiiiiiiiieiiiiieieeeeeeeeee e eeeeeeeseeereeeessesesesesessserererererarerenes 135
Table 91: Smartphone Charger CharaCteriStCS .......uuuuiriiirriiiieiiieieieeeieeeeerererereesreeaeereeerererererer—————. 135
Table 92: PDC LUT FOIMMAL......cciiiiiiiiiiiiee ettt e e e e e s s sttt e e e e e s e sanabaeeeeaaeeeaannnes 139
Table 93: Peripheral Trigger ENCOUING..........vviiiiiiiiiiiiiiiiiieieeeieeeeeveeeeeeeseeeaeeeseeeessssssesesessssssseserernsernnes 139
Table 94: PDC MaSters ENCOUING .....cevviiiiiiiiiiiiiieieeeieeeeeeteeeeeeeeeeeseeseesessssssssesssesssesssessssssssssssrersrnsnrnnes 140
Table 95: BOD LeVels — RESEE VAIUES ........ceiiiiiiiee ettt e e e e e e e s s nneaeee e e e e e s e nnnes 143
Table 96: Reset Signals and REJISIEIS ......uuiiiiiiii e 145
TabIe 97: INEEITUPE LIST....eiiiieiii ettt e et e e e e nb e e e e e nbae e e e annees 152
Table 98: QSPI FLASH Cache MISS LAtENCY .......uuiiiiiiiiie ittt 156
Table 99: OSPI FLASH Cache MiISS LAtENCY .......uuiiiiiiiiieiiiiiee ettt sttt 156
Table 100: Data Cache Controller Operations Latency (Clocks) for Quad SPI Mode ...................... 159
Table 101: AHB-DMA Master Default PrOFLES ........ooiiiiiiiiiiieei e 164
Table 102: ICM_S1 Arbitration PrOMTIES ........cevvviiiiiiiiiiiiiiiieiiieieeeeeeeeseeseeeseeeseeeesssessesesessseseseserernrerenes 164
Table 103: ICM_S2 Default Arbitration Prioriti€S...........uuviiiiiiieiiiiiiiiieieieieeieeeeeeeeeeeeeereeeeeseeererererareren.. 164
Table 104: ICM_S3 Default Arbitration Prioriti€S...........uuviiieiiieiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeereeeeeseeeserererareren.. 164
Table 105: ICM_S4 Default Arbitration PriOritie©S...........vuviiieiiieiiiiiiieieiieeeeeeeeveeeeeeeeeeereseeeseeerererererenene. 164
Table 106: ICM_S5 Arbitration PrioFtiES ........coiiiiiieiiiii et 164
Table 107: ICM_S6 Default Arbitration PrioritieS. ........c.ueii i 165
Table 108: ICM_S7 Default Arbitration PriortieS. .......cc.ueiiiiiiiieiie e 165
Table 109: ICM_S8 Arbitration PriortiES ........cuiiiiiiieiiiie ettt 165
Table 110: ICM_S9 Arbitration PriOMtIES ........oiiiiiiiieiiiii et 165
Table 111: ICM_S10 Arbitration PriOMtIES .......ccoiuiiiiiiiiie it 165
Table 112: CMAC DiagnOSHC SIGNAIS ....cceiiiiiiiiiiiee ettt e e e e e s s ae e e e e e e e e e anees 167
Table 113: SNC Arm CorteX MO+ INTEITUPLS ....uveiiiiieeiiiiiiiii et e e e e e e e e e e anees 171
TADIE 114: IMEIMOIY ACCESS ..ciiieeiiiittteietee e e ettt e e e e e e e e bebeeeeaa e s e aaabeeeeeeaeesaaaasbbseeeeeeesaasnbaeeeaaaeesaannne 172
Table 115: Memory Access by Each SYStem MaSEr..........ceiiiiiiiiiiiiiiea i 174
Table 116: Memory Controller Masters ACCESS MELICS ......uuiiiiiiiiiiiieiie et 175
Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 16 of 1019 © 2022 Renesas Electronics



DA1470x RE NESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

Table 117:
Table 118:
Table 119:
Table 120:
Table 121:
Table 122:
Table 123:
Table 124:
Table 125:
Table 126:
Table 127:
Table 128:
Table 129:
Table 130:
Table 131:
Table 132:
Table 133:
Table 134:
Table 135:
Table 136:
Table 137:
Table 138:
Table 139:
Table 140:
Table 141:
Table 142:
Table 143:
Table 144:
Table 145:
Table 146:
Table 147:
Table 148:
Table 149:
Table 150:
Table 151:
Table 152:
Table 153:
Table 154:
Table 155:
Table 156:
Table 157:
Table 158:
Table 159:
Table 160:
Table 161:
Table 162:
Table 163:
Table 164:
Table 165:
Table 166:
Table 167:
Table 168:
Table 169:
Table 170:
Table 171:
Table 172:
Table 173:
Table 174:

Datasheet

Memory Segments DESCHPLION .. ... e e e e e s e e e e e s snnrrareaaeee s 175
SIP_CIK SOUICES ..ottt e e e e s e st e e e e e e s e e anb e e e e e e e s e snnranneeeaeesaannes 177
SYS CIK SOUICES ... uetiiiiiei e e e it te et e et e e e e e e s et e e e e e s set b e e e e e e e s santraaeeeeeesesanneennees 177
HSYNC/VSYNC Parallel I/F PINOUL.........ccciiiiiiiiiiiiie ettt 209
JIDI Parallel I/F PINOUL.........ueiieiiiiiieiiee ettt e e 210
DBI TYPE-B I/F PINOUL .....ceiiiiiiiiiiiiiie ettt ettt e e e e e 211
SPI3/4 — DualSPI — QuadSPI Serial I/F PINOUL...........ccooiiiiiiiiiiiiiieeeeiieee e 212
8Dt RGB332..... ittt bttt ettt b e e nabe et b be e nane s 213
16-DIt RGBO5B5........eeiiiiieiiiee ittt ettt e e e nr e 213
16-Dit RGBABSS5L ...ttt et 213
24-DIE RGBBBS......cceiieiiii ettt 213
32-DIt RGBABBBS ...ttt 213
32-DIt ARGBBBE8E .....ccuiiieiiie ettt 213
32-DIt ABGRBBEBB .....cciiiiiiiieiiie ettt 213
32-DIt BGRABBBB ......cctiieiiiieitie ettt ettt ettt ettt ettt e e sat e e snte e ntae et e nneas 213
DPI-2 B-Dit RGB-222 ...ttt sttt et st e et e e snte e e aee e sneeeans 214
DBI-B 8-Dit RGB-332 ... iiiiiiiiiei ettt ettt e e e s e st e e e e e e s s st e e e e e e s s nnnraneeaeeeeas 214
DBI-B 8-Dit RGB-444 ...ttt e et a e e s e et e e e e e e s e esnraeeeaeee s 214
DBI-B 8-Dit RGB-565.......ccutiiiiiiiieis it e et e e s s e e e e e e s s et ee e e e e e s snnnaeeeeaeeeeas 214
DBI-B 8-Dit RGB-6B66...........uutiiiiieeieiiiiiiiieiee e e e isieeee e e e e e s e assstaeeeeeeeesssnnnteeeeeeeeessansnreeeeaeeeeas 214
DBI-B 8-Dit RGB-888..........coiiiieiiieiiiie ittt rre e snneen 214
SPI3/4 — RGB-111 (OPLON 0)....cciiiiieiiiieiiiiesiee ettt e st et sbee e s s snneesneeennnees 215
SPI3/4 — RGB-111 (OPLON 1)...eiiiiiiieiiiieiiiiesiee ettt snne e sneeennneas 215
SPI3/4 — RGB-111 (OPLON 2)...eeiiitiieiiieeiiriesiee ettt et et e st snne e snneesneeennneas 215
SPI3/4 — RGB-111 (OPtionN 3 — BEW) ..eeeiuiieiiiiiiiie ittt 215
SPI3/4 — RGB-111 (OPLON 4)...eeiiiiiieiiiie ittt ettt e b e nnne e sneeeannees 215
ST I ] = T 1 7 PR 215
SPIUB/A = RGB-AAA ...ttt ettt e e e e e s st e e e e e e e e e e e e e e nnnrraees 215
SPIU3/A — RGB-5B5......eeeiiieeiiiiiiitie ettt ettt e e e s s s st e e e e e e s et e e e e e e e e nnrrraees 215
SPIUB/A = RGB=666........eeeieiieiiiie ettt eiee et e e st e e st e e st e e snteeantaeesnteeenseeearaeeenaeeeaaeeans 215
SPIB/A = RGB=-888........eiiiiiieiiie ettt st e bt st e e st e e st e e ateeesteeeneeeareeeanaeeeaaeean 216
Dual SPI — 8 bit RGB-444 (OPtON 0) ...civeteiiieiiieiiieesiee et siree st e sie e e sseneesineeans 216
Dual SPI — 8 bit RGB-444 (OPLON 1) ..ecitiiiiiieiiie it siee ettt 216
Dual SPI — 8 DIt RGB-565 ........oiiiiiiiiieiiie ettt snne e 216
Dual SPI — 8 bit RGB-666 (OPtON 0) .....vvieiiieriiieitiiesiiie et esire et e sree e e sseneesneens 216
Dual SPI — 8 Dit RGB-666 (OPLION 1) ..eciviieiiieiiiieiiiiesiieeesireesiree st e e e e e sinee e 216
Dual SPI — 8 bit RGB-888 (OPtION 0) ...c.vvieirieriiieitiiesiiee et esiree st e e snee et eseneesnee e 216
Dual SPI — 8 bit RGB-888 (OPION 1) .....eeeiiiiiiiieiiiieeeiiiiee et ee ettt e et e e seneee e 217
QUAA SPI = RGB-A44 ...ttt ettt e e e e e e e e e e e s et aee e e e e e e e e nnnnneeees 217
QUAA SPI — RGB-565....ccciiiiiiiiiiiiie ettt e e e e e e s et e e e e e e s st eee e e e e e e e e nnnenneees 217
QUAA SPI — RGB-666.........ceiiiiiieiieeiiie et e eiee e stee e ee e see e st e e stee e e teeesneeesnneeesaeeeanneeennneas 217
QUAA SPI —RGB-888.......ceuiiiiieiitii ettt ettt e tee e st e e sneeeanee e e sneeeaneeeanneas 217
COolOr UNit OPEIALIONS ......eeeiieiiiiee ettt ettt e bt e e s annneee s 220
Texture Options EXample........coooiiiiiii 220
DMA Served PeriPheralS........ ... i 222
Edge/Level Triggering Configuration for Wake-Up ..........ccccoeiiiiiiiiiiiiecee e 230
ADC INPUE CRANNEIS ...t e e e e e e e e e s st e e e e e e e e e e annes 235
ADC MUXZ ..ttt h et ekt s e et b bt e h bt e st et e sh b e e e be e nen e ebe e e nnneas 235
ADC MUXZ .. 235
GPADC External Input Channels and Voltage Range ..........ccccccveviieeiiniiieeiniiiee i 236
GPADC Max Voltage and Rations for VBAT/VSYS/VBUS RailS .........ccccovveveeeiniiciinnnnn. 236
ADC_LDO Start-Up DEIAY ......ccuueeieiiiiiie ittt 238
ADC Sampling Time CONSTANt (TADC_SMPL) ++vveeirurreeeiiitieesiiteeesaiteee st e e st e e e nereee e s sneees 239
ENOB in Oversampling MOGE .......ccooiiiiiiiiiiiee ettt 240
GPADC Calibration Procedure for Single-Ended and Differential Modes ...................... 241
CommON MO AGJUSTMENT.......ueiiiiiiiiiiti et e e e e e e e e e eanbeeee s 242
Configurable Sample Manipulation .............ccooiiiiiiii e 242
PCM_FDIV_REG Programming EXample...........ccoooiiiiiiiiiiiiiieeeee e 251

Revision 3.2 10-Nov-2022

CFR0011-120-00 17 of 1019 © 2022 Renesas Electronics



DA1470x RE NESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

Table 175:

Rates .......

Table 176:
Table 177:
Table 178:
Table 179:
Table 180:
Table 181:
Table 182:
Table 183:
Table 184:
Table 185:
Table 186:
Table 187:
Table 188:
Table 189:
Table 190:
Table 191:
Table 192:
Table 193:
Table 194:
Table 195:
Table 196:
Table 197:
Table 198:
Table 199:
Table 200:
Table 201:
Table 202:
Table 203:
Table 204:
Table 205:
Table 206:
Table 207:
Table 208:
Table 209:
Table 210:
Table 211:
Table 212:
Table 213:
Table 214:
Table 215:
Table 216:
Table 217:
Table 218:
Table 219:
Table 220:
Table 221:
Table 222:
Table 223:
Table 224:
Table 225:
Table 226:
Table 227:
Table 228:
Table 229:
Table 230:
Table 231:
Table 232:

Datasheet

Fractional and Integer Only Clock Divisors for Various PCM Frequencies and Sample

.......................................................................................................................................... 252
[2C Definition Of BitS iN FirSt BYLE .....uuuiiiii it e e e e srree e e e e e s nnnes 266
UART/2/3 Baud Rate Generation 0N DIVN .........ouiiiiiiiiiiice e 278
UART/2/3 Baud Rate Generation 0n RCHS ... 278
UART/2/3 Baud Rate Generation 0N PLLLIGOM .......c.cooiiiiiiiiiiiieeeiiiiiiieeee e 279
UART INEEITUPE PHOMITIES ..ottt ettt e e e e 280
SPI Modes Configuration and SCK StatesS...........coiuriiiiiiiiieiiiiie e 288
Y o W a1 o I == U 4 [= (= SR 288
TIMErS FEALUIES OVEIVIEW ...ciiiuiiiiieiiiiiie ittt e sttt e sttee e s sttt e e s st e e s st e e e snbee e e e nnbaeeeenneees 294
Timer's One-Shot TrgQer OPLIONS ....cuiieiii i s e e e s s e e e e e s e rr e e e e e e e aanes 295
FUNCHONAL STALES....eeiiiiiiiei ittt et e et e e e st e e e s bbeeeesnbreeeeane 304
USB NOdE ENAPOINT SIZES ...vveeiiieeiiiiiiiieie e e e sttt e e e s e srare e e e e e s s e e e e e e s s nnnraneeaeeeean 306
DEDUQG I/F SIQNQAIS ...eeeieieieiiieeiee e e e e e s e e e e e s e e e e e e e s e nnranreaeeaean 316
(O U= Lo RS o I o] o] 1o [T ¢SRS 317
ANAlOg FUNCHIONS SIGNAIS .....eiiiiiiiieiiiiii et 317
INternal ClOCKS OULPULS .......veiieiiiiie ettt et e e e 317
External Serial and Parallel I/FS Signals ... 318
SPIDISPlay I/F SIGN@IS ......ceeeiiiiiieiiieie ettt 318
Special FUNCLONS SIGNAIS ......vuiiiiiiiiii e 318
DiagnNOSHICS SIGNAIS ....uvuvuiiiiiiiiiiiiiiiii s 319
REQISIEr MAP AMBA ..o et 323
AHB_DMA_PL1_REG (0X30020000) .....ccuviteiirrereiiieeresaneeeessseeeessnsseeesssssneesssseeessssnes 324
AHB_DMA_PL2_REG (0X30020004) .....ccuviteiiiiiiieiiiiieessiieeeesiieeessnsteeesssssseesssnseeesssnsnes 324
AHB_DMA_PL3_REG (0X30020008) .....ccuvtteiiurriieiiiieeesanieeesssireessnstreessnssneesssseesssssnes 324
AHB_DMA_PL4 _REG (0X3002000C) ....cccuuutteiiuiiieeiiireeesanieeesasreeessnsrreesssssneesssssneesssnsees 324
AHB_DMA _PL5 REG (0X30020010) ....c.cuevevererererieeeeeeeeeseeeseeieeesesessaeseesesesenesaeeesesenens 324
AHB_DMA PL7_REG (0X30020018) ......crueveeeeerereeeeeeeeseseneeeeieiesesessesseesesesenesasaesenanens 325
AHB_DMA DFLT_MASTER_REG (0x30020048)..........cccoeveuerererererrereeeeerenensasisienanens 325
AHB_DMA WTEN_REG (0X3002004C)........ccoovrereeueeeeerereeereeieieseseseseseeeseesenesasesesnenens 325
AHB _DMA_TCL_REG (0X30020050) ......cuuvreeiiuriieeiiireresiireeeesnsrreessnssseessssnneeessnsneasssnsnes 325
AHB_DMA_CCLM1_REG (OX30020054).....ccciitiiieiiiiieeiiiiiieesniieeeesnsieeessnnnneesssnseesssnnenes 325
AHB_DMA_CCLM2_REG (0X30020058).....ccciiurrieiiirireaiiiieeeaniieeessnnteeessnnneessssnessssenes 326
AHB_DMA_CCLM3_REG (0X3002005C) ....ceeiiuiiireiiiieiesiiiieesaniieeessnsireessnsnneesssnnneessnnsnes 326
AHB_DMA_CCLM4_REG (0X30020060)......cccitrireiirrireiiiiieeeaiieeessnnneeesssneneessnseeessnnenes 326
AHB_DMA_CCLM5_REG (0X30020064).....cccciuuiieiiiiireiiiiieeeaniieeeesnntreesssineesssseeessnnenes 326
AHB_DMA_CCLM7_REG (0X3002006C) ....ccciiurireiiirireiiiiieesaiieeeesnsieeessnseneessnsneesssnsnes 326
AHB_DMA_VERSION_REG (0X30020090).......c0uteiiiriieiiirieeeeiiieeeesiireesssineeessnsneeesenens 327
Register map SYSBUS _ICM ..ottt ettt breee e 327
QSPIFL2_ARB_REG (0X50040600) ........cvtieiiiiieeeiiieeeeisireeessiseeeessssseeesssssseesssssssessnsseeens 327
QSPIRAM_ARB_REG (0X50040604) ........coveueeeeeeeeereeeeeeeeeeeeeesseseeseseseseeaeeseeseneneneneeens 327
AHBREG_ARB_REG (0X500406808)..........ceueueveeeeeeeeeeeeeeereeeseeesesesessaeeeesenennesasanessenans 327
APBF_ARB_REG (OX5004060C) .......cuuteiiiiieeiiiiieeseitee e s eiteeeseireeessntenessnnneassennaeaesnnnes 328
APB_ARB_REG (0X50040610) .....cccittiieiiiiiieiiiiiieesniieeesatreeesasteeessnsneeesssssnessssssseessssees 328
Register map AES HASH ......ue s 329
CRYPTO_CTRL_REG (0X30040000) .......ccceiiuuurieiiiiireeiiueeeessrneeessnneeessssreesssseesssnsseees 329
CRYPTO_START_REG (0X30040004) .....ceeiiuuiiieiiiieieeiiiiieessiieeesssieessssseeesssseesssnneees 331
CRYPTO_FETCH_ADDR_REG (0X30040008) ........cceeiiiirieiiireeeisinreeessneeeesssneeessnneees 331
CRYPTO_LEN_REG (0X3004000C)........ccciciiuieieiiiieeeiiieeeesitiaeeessisaeeesssseeessnssesesssneeens 331
CRYPTO_DEST _ADDR_REG (0X30040010) ......covveeeereeeeereeesereeeseseesenseseeeeeeseneneneneeens 332
CRYPTO_STATUS REG (0X30040014) .....cccveeeeiiuiieeeieieeeeseieee e s eiree e s svreeessareeessnnneeas 332
CRYPTO_CLRIRQ_REG (0X30040018)......cccuvuiieiiuieieeiiireeesiiieeessireeesssseeessnseeesssnneens 332
CRYPTO_MREGO_REG (0X300400L1C) ....ccciiuviiieiiiieieeiiiieeeessiteeeeseiree e s sneeeessvaeeessnnneeas 333
CRYPTO_MREG1 _REG (0X30040020) .....ccoiuvrrieiiuiieeeiiieeeesiieeeessnneeesssresessssseesssneeens 333
CRYPTO_MREG2_REG (0X30040024) ....ccciiuuuiieiiiiieeeiiiiereessiieeessseeeesssseeessssessssnsneees 333
CRYPTO_MREG3_REG (0X30040028) ......cccuvvrieiiirireeiiiiireesairieeesassneeessseeeesssseesssnsseees 333
CRYPTO_KEYS_START (0X30040100) ......cccuutteiiiuiieeiiiirreesaineeesssreeessseeeesssseeessnnneees 334
Register Map ANAMISC ... e e e breeea e e as 334
CLK_REF_SEL_REG (0X50050610) ....cuvvtieiiiiiieiiiiieieiniieeeeassereeessssseessssseeesssseesssssseees 334

Revision 3.2 10-Nov-2022

CFR0011-120-00 18 of 1019 © 2022 Renesas Electronics



DA1470x RE NESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

Table 233:
Table 234:
Table 235:
Table 236:
Table 237:
Table 238:
Table 239:
Table 240:
Table 241:
Table 242:
Table 243:
Table 244:
Table 245:
Table 246:
Table 247:
Table 248:
Table 249:
Table 250:
Table 251:
Table 252:
Table 253:
Table 254:
Table 255:
Table 256:
Table 257:
Table 258:
Table 259:
Table 260:
Table 261:
Table 262:
Table 263:
Table 264:
Table 265:
Table 266:
Table 267:
Table 268:
Table 269:
Table 270:
Table 271:
Table 272:
Table 273:
Table 274:
Table 275:
Table 276:
Table 277:
Table 278:
Table 279:
Table 280:
Table 281:
Table 282:
Table 283:
Table 284:
Table 285:
Table 286:
Table 287:
Table 288:
Table 289:
Table 290:
Table 291:

Datasheet

CLK_REF_CNT_REG (OX50050614) .....ccutiiieiiieeeiierenineesiesesinee e esseeesnesssnneesneeennnees 335
CLK_REF_VAL_REG (OX50050618) .....ccueeireeiirrierreresneenieeessneesreeesineesnesssnneesnessnnnees 335
CLK_CAL_IRQ_REG (OX5005061C) .....ccveerreeirnierreresineenieeesineesreeesseeesnesssnneesneesnnnees 335
RegiSter Map CACHE ...t e et e e b e e e 335
CACHE_CTRL2_REG (OX100C0020)......0eeeeitrrreeiirreeeiiineeesaiineeesssneeesaseeeessnneeessnneees 336
CACHE_MRM_HITS_REG (0X100C0028) .......ceeeiiureieeiiiriieiiieeieaniieeeessineeeessinneeessnnneeens 338
CACHE_MRM_MISSES_REG (0X100C002C) ....cccuvviieiiirieeiirieiesiiieeessiiieee e e snneeens 338
CACHE_MRM_CTRL_REG (0X100C0030) .....eveteiirrreeiinreeesireeeesaiieeeessineeeessnreeessnneeens 338
CACHE_MRM_TINT_REG (OX100C0034) .....ccoivreirererireenieeernee e esieee e snneesnee e 339
CACHE_MRM_MISSES_THRES_REG (0X100C0038)........cccrrierrerenireerneesnrneesneeennneas 339
CACHE_MRM_HITS_THRES_REG (0X100C003C) ....ccvveiuieeiirierreeenieeesree e sree e 339
CACHE_FLASH_REG (0OX100C0040).......cceiteiirreerreresireesreeessneesreeessneesnesssnneesneesnnnees 340
CACHE_MRM_HITSIWS_REG (0X100C0048) .......vvverireeririeiirieiree e snes e snee e 340
SWD_RESET_REG (0X100C0050) .....cccitieiieiiiriesreresiree e ssreeesree e e snnessnneesnessnnnees 340
Register map CHARGER .........oooiiiiiiiiiee ettt ettt sereee e 341
CHG_DET_FSM_CTRL_REG (0X50040300) ......ccsuureeeiiiriieiirneeesniireeesniieeesseneeesseneeens 343
CHG_DET_FSM_STATUS_REG (0X50040304) ......ceeeiiuiiiieiiiiiieiiiieeesniieeessieeee e 343
CHG_DET_SW_CTRL_REG (0X50040308) ......ccciitrtieiiiriieaiiieeesniireeesniieeessnseeessnneeens 345
CHG_DET_STATUS_REG (0X5004030C) .....uvveieiiiiieeiiieeeesiiieeessiiiee e e e s 345
CHG_DET_ADC_CTRL_REG (0X50040310) ....ccciiuuriieiiireeeiirreeesniineeesniiieeesseneeesseneeens 345
CHG_DET_TIMER_REG (0X50040314) ......coctuviieiireeeeiiieeeessireeeessnneee e e e e nnneee s 346
CHG_DET_DCD_TIMER_REG (0X50040318) ......ccuvtieiririieiiieeiesinreeesnneeee e e e 346
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CLK_SNC_REG (0X50020904)........c..vveereeereeeerseereeeeseesseesseesseesseesseseessessseseseeseesssesseesees 386
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PLL_USB_CTRL3_REG (OX5005047C) ...ccicuutteeieieeeiaiiiiete e e et a e s ainreee e e e e e e aeenes 399
PLL_USB_STATUS_REG (OX50050480) ......ctvvetiieeeiiiiiieiteaeeeaaiiiieeee e e s e aniireeeeeeeesseenes 399
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CLK_PDCTRL_REG (0X50060004) ........uutiiiiieeeeiiiitiieeteaeessstnieeeeeeesssnsseeeeeeeeesssnsnsnseeees 400
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_AMBA_REG (OX50000000) .....ceeiiutrtriieeaaeaaaieiieeeeeae e e aiieieeee e e e s s sibsseeeeeeeseasnnnseeeeas 404
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
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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
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[2C2_HS_SCL_HCNT_REG (0X50020724) ....ccctiteeiiiiie ettt 595
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[2C2_INTR_STAT_REG (0X5002072C) ....utetieiiiiieeeiiiie ettt ettt 596
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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
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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
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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
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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_STHR3_REG (0X5002003C) .......co.eveivemeeeeeseeseeesoseesseseseesseeseseessesone 897
UART_SRBR_STHR4_REG (0X50020040)..........ccceeverrereeererseeresessesesessesesessssessesenenens 897
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UART_SRBR_STHRO_REG (0X50020054)........c.veeeeerreereeereseeseeseeseseseseseseesesessseens 901
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).
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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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No. Pin Name Type State Description

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.
Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 55 of 1019 © 2022 Renesas Electronics




DAl

470x

LENESAS

Multi-Core Wireless SoC Family with PMU and GPU

Final

Elil.l Pin Name Type gte:tzt Description
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;

Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 63 of 1019 © 2022 Renesas Electronics



DA1470x

RENESAS

Multi-Core Wireless SoC Family with PMU and GPU

Final

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

Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00

68 of 1019

© 2022 Renesas Electronics




RENESAS

DA1470x
Multi-Core Wireless SoC Family with PMU and GPU Final
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 \%
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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
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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 \%
Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00

84 of 1019

© 2022 Renesas Electronics




RENESAS

DA1470x
Multi-Core Wireless SoC Family with PMU and GPU Final
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
Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00

90 of 1019

© 2022 Renesas Electronics




RENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final
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

Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00

95 of 1019

© 2022 Renesas Electronics




RENESAS

DA1470x
Multi-Core Wireless SoC Family with PMU and GPU Final
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
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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
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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.
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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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1: Write Access to registers is locked
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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.

Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 134 of 1019 © 2022 Renesas Electronics



RENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

DA1470x

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
Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 156 of 1019 © 2022 Renesas Electronics



RENESAS

DA1470x
Multi-Core Wireless SoC Family with PMU and GPU Final
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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13 Bus

Device DA14701 DA14705 DA14706 DA14708

Feature Availability v 4 v v

13.1 Introduction

The DA1470xx is equipped with a multi-layer AMBA bus which enables parallel data paths between
different masters and slaves. The bus matrix comprises three main busses:

e AHB-CPUC bus where the Cache controller is master. This is the primary bus for executing code
from
e AHB-CPUS bus where the ARM M33 is master. This is the bus for the system

e AHB-DMA bus where the GPU 2D, the Generic-Purpose DMA, the Display Controller, the Crypto,
and the eMMC host controller can be masters

The APB bus consists of two parts:

e APB32 slow for the peripheral blocks which require PCLK up to 32 MHz
e APB32 fast for the peripheral blocks which require high-speed PCLK = HCLK up to 160 MHz

There are several slaves which are sitting behind interconnection multiplexers (ICMs) allowing
access from different AHB busses namely:

Quad/Octa SPI FLASH memory controller

QSPI Flash/RAM controllers

32-bit APB slow and fast peripheral registers

The OTP controller

The ROM controller

The AHB register file containing registers

Features

m Enables parallelization of data transfers from:
o Peripherals to memory (GP DMA)
o Cortex-M33 data read/writes from/to RAM
o Cortex-M33 executing code from O/Q-SPI FLASH

13.2 Architecture

The architecture of the AMBA bus matrix is shown in Figure 33. There are four potential masters for
the APB32 slow, namely: Sensor Node Controller, CMAC, Cortex-M33, and the DMA engine. A
multiplexer is required there to allow access to a single master on the APB32 slow. Multiplexing is
before the APB32 bridge. There are three potential masters for the APB32 fast, namely: Sensor
Node Controller, Cortex-M33, and the DMA engine.
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Figure 33: Bus Architecture

There are two protection units - (1) the OTP Protection Unit (OPU), and (2) the FLASH Controller
Protection Unit (FPU)] — that form part of the system’s security perimeter:

e The OPU protects the OTP section where keys are stored; keys that the CPU cannot read.
Access to this space is only allowed when a special signal (secure channel). Read/Write
protection strategy should follow the sticky bits definition

e The FPU protects the OQSPI FLASH Controller registers that keep the AES key (write only) from
being written by the CPU and the AES/HASH registers from being read by the CPU. Access is
only allowed by the GP DMA and only if the respective secure channel signal is activated. The
rest of accesses to other register files are completely transparent and will not be gated by the
FPU. Read/Write protection strategy should follow the sticky bits definition

The priorities of the arbitration on the AHB-DMA bus are programmable. The default priorities are
listed in Table 101.
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Table 101: AHB-DMA Master Default Priorities

Priority Master

1 (highest) Display CTRL

2 GPU 2D

3 GPDMA

4 Crypto (AES/HASH)

5 eMMC

6 Reserved

7 (lowest) CPU-S (H2H bridge)
The arbitration priorities for the ICM blocks are listed in the following tables.
Table 102: ICM_S1 Arbitration Priorities

Priority AHB Bus

1 (highest) CPU-C

2 CPU-S

3 (lowest) DMA
Table 103: ICM_S2 Default Arbitration Priorities

Priority AHB Bus

1 (highest) DMA

2 (lowest) CPU-S
Note: The priorities of the ICM_S2 are programmable.
Table 104: ICM_S3 Default Arbitration Priorities

Priority AHB Bus

1 (highest) DMA

2 (lowest) CPU-S
Note: The priorities of the ICM_S3 are programmable.
Table 105: ICM_S4 Default Arbitration Priorities

Priority AHB Bus

1 (highest) DMA

2 (lowest) CPU-S
Note: The priorities of the ICM_S4 are programmable.
Table 106: ICM_S5 Arbitration Priorities

Priority AHB Bus

1 (highest) CPU-S

2 CPU-C

3 (lowest) DMA
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Table 107: ICM_S6 Default Arbitration Priorities

Priority AHB Bus

1 (highest) CPU-S

2 SNC

3 (lowest) DMA
Note: The priorities of the ICM_S6 are programmable.
Table 108: ICM_S7 Default Arbitration Priorities

Priority Master/Bus

1 (highest) CMAC Master

2 SNC Master

3 DMA Bus

4 (lowest) CPU-S Bus
Note: The priorities of the ICM_S7 are programmable.
Table 109: ICM_S8 Arbitration Priorities

Priority AHB Bus

1 (highest) CPU-C

2 (lowest) CPU-S
Table 110: ICM_S9 Arbitration Priorities

Priority AHB Bus

1 (highest) CPU-S

2 (lowest) DMA
Table 111: ICM_S10 Arbitration Priorities

Priority AHB Bus

1 (highest) CPU-C

2 CPU-S

3 (lowest) DMA
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14 Configurable MAC (CMAC)

Device DA14701 DA14705 DA14706 DA14708
Feature Availability 4 v v v

14.1 Introduction

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

The CMAC executes code from the system RAM with zero wait states. It also has access to all
peripherals in the APB32-slow bus of the system.

Features

m Implements Bluetooth® LE 5.x controller stack, including HCI

m Optional Bluetooth® LE 5.x Features supported:

2 Mbps

Advertising Extensions

Channel selection algorithm #2

Periodic Advertising

High Duty Cycle Non-Connectable Advertising

Autonomous operation for Advertising or keep-alive connections

O o d

Autonomous execution and sleep cycles

Rapid wake-up and go-to-sleep operation

Size and base address of RAM for code execution is configurable
Bluetooth® LE Audio

Accelerators in hardware:

o Link Layer and framing Timers

O AES-128-bit crypto engine

o Configurable Whitening engine, compliant with Bluetooth® LE and 802.15.4 standards
O

Configurable CRC engine, up to 32-bit order primitive polynomials. Compliant with Bluetooth®
LE and other standards

32 bits wide Correlator
AoA/AoD support in hardware
Coexistence interface

O
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Figure 34: Configurable MAC Block Diagram

14.2 Architecture

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

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

Radio Register File and CMAC Sleep Timer Register Files are accessible by both CMAC Cortex-M0+
and ARM Cortex-M33 processors, but typically only CMAC CPU access them.

14.2.1 Dataflow

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

The communication of the CMAC processor Cortex-M0+ with the system processor Cortex-M33 is
performed via IRQ signals and the common system memory RAM. A mailbox mechanism can be
used to exchange command and data structures between the two CPUs.

14.2.2 Diagnostics

Table 112 shows available CMAC diagnostics signals.

Table 112: CMAC Diagnostic Signals

Diagnostics Signal Description
CMAC DIAG_0 TX EN Data transmit enable signal
CMAC DIAG_1 RX EN Data receive enable signal
CMAC _DIAG_2 DATA EN Tx/Rx Data Enable pulse
CMAC_DIAG_3 DATA COMB | TX and RX data bits (combined on the same line)
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Diagnostics Signal Description
CMAC_DIAG_4 Reserved -
CMAC_DIAG_5 Reserved -
CMAC_DIAG_6 Reserved -
CMAC_DIAG_7 CORR COMB | Indicates that the correlator is active
CMAC_DIAG_8 CRC RX CRC LFSR is zero to indicate correctly received packet
CMAC_DIAG 9to 15 | Reserved -

The functionality of the diagnostic signals is depicted in Figure 35.

PHY BUSY i | | /)
TXEN Ji l [
RX EN I I /4 11 1
DATA COMB L i | N N BN BNY A7 T
DATA EN I 71 [ 1
CORR GOMS I [ i
GRC Il I L

Figure 35: CMAC Diagnostics Timing Diagram

14.2.3 CoExistence Interface

The DA1470x implements a coexistence interface for signaling radio activity to external 2.4 GHz co-
located devices. A three-wire interface is delivering information on the priority and the RF
transmit/receive events.

The CoEx interface and its connection to the rest of the system are displayed in Figure 36.

4 I
SMART_ACT _ EXT_ACT
C M A C smart _pri| GPIO | smarT_acT 2.4 GHz
ext act | MuX SMART_PRI Ext Device
- )
Figure 36: Coexistence Interface
Features
m 2.4 GHz Radio activity indication
m Priority indication
m Sensing of external module RF activity
m  Supports up to two external 2.4 GHz devices
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14.2.3.1 Architecture

The coexistence external interface contains three signals:

e EXT_ACT: This is an input to the DA1470x and when asserted, it designates that an external
2.4 GHz device is about to issue RF activity

e SMART_ACT: This is an output from the DA1470x and when asserted it designates that the
DA1470x is transmitting or receiving hence an external 2.4 GHz device should be aware of the
radio activity. The exact timing of the assertion of this signal is depicted in Figure 37

e SMART_PRI: This signal is communicating whether the DA1470x has priority over the external
device or not. If asserted, then the external device could adjust its RF activity accordingly

EXT_ACT

—  SMART_ACT
a
[y+]
(@)

SMART_PRI
~  SMART_ACT ‘
a
©
(&)

SMART_PRI ‘

Figure 37: Coexistence Signaling Cases
Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 169 of 1019 © 2022 Renesas Electronics



LENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

DA1470x

15 Sensor Node Controller (SNC) with Arm Cortex MO+

Device DA14701 DA14705 DA14706 DA14708
v v

Feature Availability 4 v

15.1 Introduction

The Sensor Node Controller comprises an ARM Cortex MO+, and it is used to manipulate
communication controllers and the sensors connected to them. It can operate autonomously, without
waking up the rest of the system.

Features

m The code executed by the ARM Cortex MO+ is stored in the system RAM and it is accessed
through the SNC AHB interface (dedicated AHB interface on the memory controller)

Supports clock frequencies up to 32 MHz

m  Supports state retention. One retainable register is used for the indication of a previously saved
state in the RAM. The SW running in the SNC is responsible to save/load the processor state
when the SNC power domain is switched off/on

Supports CPU freeze functionality when debugging is on
m A dedicated watchdog timer is used with a connection to the NMI of the Arm Cortex MO+
Supports 4 kB MTB dedicated RAM for debugging purposes

15.2 Architecture

The block diagram of the SNC with Arm Cortex MO+ is shown in Figure 38. An internal AHB bus is
used to connect Arm Cortex MO+ with the memory controller (dedicated interface) and two APB

buses.
Sys Mem Ctrl -

1§
A’
\ 4

A

e} AHB interface
..'8 (dedicated)
@l | SNC(ARM Mo+ 2
< p 4 K SNC
5 ey § A 2 Register File
g o
U>)\ A4 £

SNC CPU K

Watchdog Cortex MO+ APB
Peripherals

A

Fast APB
Peripherals

APB-32 fast

Figure 38: SNC with Arm Cortex MO+ Block Diagram

The Arm Cortex MO+ has access to the APB32-fast and APB32-slow fabrics, through APB32 bridges.
The register file of the SNC is placed in the APB32-slow bus while the Cortex MO+ AHB interface is
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connected (through the internal bus) to a dedicated AHB port of the memory controller, for fast
instruction and data accessing.

A dedicated watchdog timer is included in the SNC subsystem. The watchdog timer informs the SNC
ARM MO+ (through NMI) when the timer is going to be expired (16 clock cycles before expiration)
and generates an HW reset when the timer is at -16.

15.2.1 Interrupts

The SNC Arm Cortex MO+ has access to the complete set of APB bus peripheral controllers. As
such, a significant number of interrupts must be evaluated by the SNC Arm Cortex MO+ to efficiently
serve the interfaces accordingly. The list of interrupts is presented in Table 113.

Table 113: SNC Arm Cortex MO+ Interrupts

# Name Edge/Level Polarity Description

0 SYS2SNC_IRQ Level Active High System interrupt line

1 CMAC2SNC_IRQ Level Active High CMAC interrupt line
This is an interrupt coming from the PDC

2 | PDC_SNC_IRQ Level Active High wgli(‘;a;i:% t(;‘uaet i';eaSNC MO+ needs to be
GPIO/Peripheral/another master request
Debounced button press interrupt. This

3 | KEY_WKUP_GPIO_IRQ | Level Active HIgh | e 10 he required masers to
be woken up/notified

4 GPIO_PO_IRQ Level Active High GPIO port 0 toggle interrupt line

5 GPIO_P1_IRQ Level Active High GPIO port 1 toggle interrupt line

6 GPIO_P2_IRQ Level Active High GPIO port 2 toggle interrupt line

7 TIMER_IRQ Level Active High TIMER interrupt line

8 TIMER3_IRQ Level Active High TIMERS interrupt line

9 TIMER4_IRQ Level Active High TIMERA4 interrupt line

10 | TIMER5_IRQ Level Active High TIMERS interrupt line

11 | TIMERG6_IRQ Level Active High TIMERSG interrupt line

12 | RTC_IRQ Level Active High RTC interrupt line

13 | RTC_EVENT Level Active High RTC event interrupt line

14 | CAPTIMER_IRQ Level Active High GPIO triggered Timer Capture interrupt

15 | ADC_IRQ Level Active High General Purpose ADC interrupt

16 | UART_IRQ Level Active High UART interrupt line

17 | UART2_IRQ Level Active High UART?2 interrupt line

18 | UART3_IRQ Level Active High UART3 interrupt line

19 | SPLIRQ Level Active High SPl interrupt line

20 | SPI2_IRQ Level Active High SPI2 interrupt line

21 | SPI3_IRQ Level Active High SPI3 interrupt line

22 | 12C_IRQ Level Active High 12C interrupt line

23 | 12C2_IRQ Level Active High 12C2 interrupt line

24 | 12C3_IRQ Level Active High 12C3 interrupt line

Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 171 of 1019 © 2022 Renesas Electronics



LENESAS

DA1470x
Multi-Core Wireless SoC Family with PMU and GPU Final
# Name Edge/Level Polarity Description
25 | I13C_IRQ Level Active High I13C interrupt line
26 | PCM_IRQ Pulse Active High PCM interrupt line
27 | SRC_IN_IRQ Level/Pulse Active High SRC input interrupt line
28 | SRC_OUT_IRQ Level/Pulse Active High SRC output interrupt line
29 | SRC2_IN_IRQ Level/Pulse Active High SRC2 input interrupt line
30 | SRC2_OUT_IRQ Level/Pulse Active High SRC2 output interrupt line
VAD interrupt line (programmable:
31 | VAD_IRQ Level Active High default is a high level or a pulse 8
internal clk cycles)

15.2.2 Memory Map

SNC Arm Cortex MO+ can access RAM1 (32 kB) and RAM2 (32 kB) memories for code execution
and data storage, while it can use RAM8 (128 kB) for sharing data with the other processors in the
system (Arm Cortex M33, CMAC). Furthermore, RAM13 can be used as MTB. The start/end
addresses for the RAMs are shown in Table 114.

Table 114: Memory Access

RAM Cells SNC Start Address SNC End Address
RAM1 0x000000 0x008000
RAM2 0x008000 0x010000
RAM8 0x030000 0x050000

RAM13 (MTB) 0x080000 0x081000

SNC Cortex MO+ can access all peripherals at the same addresses as the Cortex M33, shown in the
memory map.
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16 RAM Controller

Device DA14701 DA14705 DA14706 DA14708
Feature Availability 4 v v v

16.1 Introduction

The RAM controller allows access to the 1.5 MB RAM pool by the system’s masters namely the
SysCPU, the CMAC CPU, the SNC CPU, and the General-Purpose DMA controller.

The RAM controller implements an intelligent addressing scheme so that RAM is not fragmented by
various data or code allocations while at the same time allowing for parallel access of multiple data
streams on different RAM cells transparently to the application software. Thus, it allows the System
CPU storing application variables, the CMAC CPU running code, the DMA transferring RAM data
and Sensor Node storing sensors data all at the same time with arbitration to minimize the wait
states.

Features
m  Supports flexible memory allocation per master to avoid fragmentation

m  Supports two RAM cells (RAM10/RAM9) for CMAC code and data, operated at the CMAC clock
frequency and not in the system clock

m Parallelizes data flows from/to various masters on the system
Allows for programmable priority scheme per RAM cell
Can generate wait cycles to AHB in case of higher priority access

16.2 Architecture

There are five different masters accessing the memory RAM cells. Where two or more masters need
access to the same RAM cell but different addresses (each on its own segment), then arbitration is
used. To reduce multiplexing and timing constraints as much as possible different masters have
access to a specific memory space range. An overview of the basic metrics of each master
accessing a specific memory space range is shown in Table 115.

In general, grey areas designate that there is no actual access from the specific master to those
cells. In this sense, no extra hardware is required to protect the corruption of the code space from
SNC or CMAC Cortex MO+. Protection from the M33 point of view is achieved by means of the MPU.
A single RAM cell (RAM8) is used as the common RAM space for inter-processor communication
(mailboxes etc). Two memory cells (RAM9 and RAM10) can be used for CMAC code and data and
they are in the CMAC clock domain (max frequency of 32 MHz). The access of these cells from the
Cortex M33 is through an H2H bridge with wait states due to clock domain crossing. Furthermore, for
the same reason, the shared memory cell (RAMS) is accessed from the CMAC Cortex MO+ through
an H2H bridge with additional wait states.
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Table 115: Memory Access by Each System Master

Final

AHB CPUC (M33
RAM F;AM Cache Controller) AHB CPUS (M33) AHB DMA Masters CMAC(:N%?SE;( 0 SNC Cortex MO+
Cells (K'ZBe) (Note 2)
Main Use Start End Start End Start End Start End Start End

RAMO 8 IVT& others F000000 F002000

RAM 1 32 SNC code 10000000 | 10008000 | 20000000 20008000 20000000 20008000 0 8000

RAM 2 32 SNC data 10008000 | 10010000 | 20008000 20010000 20008000 20010000 8000 10000

RAM 3 256 10010000 | 10050000 | 20010000 20050000 20010000 20050000

RAM 4 128 20050000 20070000 20050000 20070000

RAM 5 256 20070000 200B0000 20070000 200B0000

RAM 6 256 200B0000 200F0000 200B0000 200F0000

RAM 7 128 200F0000 20110000 200F0000 20110000

RAM 8 128 Al ciPLs 20110000 20130000 20110000 20130000 20100000 20120000 30000 50000

shared RAM

RAMO | 128 | BXMaCHAC 20130000 | 20150000 | 20130000 | 20150000 | 30000 50000

RAM 10 192 BLEO(Sj?Ck 20150000 20180000 0 30000

RAM 11 4 MTB CMAC 20180000 20181000 80000 81000

RAM 12 4 MTB M33 20181000 20182000

RAM 13 4 MTB SNC 20182000 20183000 80000 81000
Note1 RAM10/RAM9 and RAM11 are running in the CMAC clock.
Note 2  The remapping functionality in DA1470x supports remap RAM1 and RAM3 to address 0.
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All masters support a “Ready” like signal functionality so that they can be stalled for a specific
amount of clock cycles. This makes the arbitration signals for the AHB interfaces (SysCPU, Display
controller, GPU, and GP DMA) HREADY, while the memory interfaces (MTB) should also support a
respective input (MREADY) and should only proceed in reading/writing the RAM cell if this signal is
high. The CMAC CMI interface does not support any MREADY functionality, so it always has the

highest priority.

An overview of the basic metrics of each master accessing the memory controller is shown in Table

116.

Table 116: Memory Controller Masters Access Metrics

Master Frequency Stall Access Rate Wait States Tolerance
Range Mechanism
ARM M33 32 MHz - AHB HREADY Non-burst Should be less than 4
(AHB — CPUC) | 160 MHz accesses for data AHB clocks to avoid
and/or code performance degradation
ARM M33 32 MHz - AHB HREADY Non-burst Should be less than 4
(AHB — CcPUS) | 160 MHz accesses for data AHB clocks to avoid
and/or code performance degradation
CMAC 32 MHz None Non-burst 0
accesses for data
and/or code
Sensor Node 2 MHz - 32 MHz AHB HREADY Non-burst It is application
(SNC MO+) accesses for data dependent.
and/or code
AHB-DMA 32 MHz - AHB HREADY 16-beat Should be less than 6
160 MHz AHB clocks to avoid
performance degradation

The arbitration scheme is round robin which respects the wait states tolerance of each master. The
maximum wait states tolerance for each of the master is programmable through the memory
controller register file. Furthermore, the priorities of the masters for each of the eight arbitration
engines (RAM1 to RAM8) are also programmable by SW.

16.3 Programming

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

Table 117: Memory Segments Description

Segment Description Access Start/Stop Address
Name Registers
CMAC stack Controller stack code and CMAC Cortex-M0+ (read, | CMI_CODE_BASE_REG
temporary variables write) (Note 1)
Cortex-M33 (write) CMI_DATA_BASE_REG
DMA (write) CMI_END_REG
CMAC Implements the structure which | CMAC Cortex-MO+ (read,
Mailbox is used for exchanging write)
commands and data between Cortex-M33 (read, write)
the 2 CPUs
Cortex-M33 Special code segment for Cortex-M33 (read, write)
Code SysCPU.
Cortex-M33 Application data space Cortex-M33 (read, write)
Data
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Segment Description Access Start/Stop Address
Name Registers
GP DMA (read, write)
SNC SNC space SNC Cortex-M0+ (read)

Cortex-M33 (read, write)
GP DMA (read. write)

SNC Data Buffers for storing data read SNC Cortex-MO0+ (read,
from Sensor Node Operation write)

Cortex-M33 (read)
GP DMA (read)

System IVT and others 0xF000000 — 0xF002000

Note 1  This value should also be programmed in the Cortex-M33 MPU region 1 to ensure the Application
does not corrupt CMAC code/data.
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17 Clock Generation

Device DA14701 DA14705 DA14706 DA14708

Feature Availability 4 v v v

17.1 Clock Tree
The generation of the system's clocks is described in Figure 39.

The diagram shows the possible clock sources and all different divisions and multiplexing paths
towards the generation of each block’s clock. Also, the required registers that must be programmed
are labeled on the same diagram. There are some main clock lines that are of interest:

e slp_clk (black bold line): this is the clock used for the sleep modes and can only be RCX, RCLP,
or XTAL32K. In Table 118, the sleep clocks and their divided derivatives are summarized

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

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

In general, the default clock of the system (sys_clk) is RCHS running at 96 MHz. XTAL32M is only
enabled by CMAC or M33 if radio or PLL operations are needed respectively.

In Table 119 the system clocks and their divided derivatives are summarized.

Table 118: slp_clk Sources

Source Speed RCLP32k_Clk
Divide Ratio
RCLP 32 kHz/512 kHz lorl6
RCX ~15 kHz
XTAL32K 32 kHz
External clock (XTAL32KP pin) Any

Table 119: Sys_clk Sources

Source Speed DivN_clk
Divide Ratio
Xtal32M 32 MHz 1
PLL160M 160 MHz 5
RCHS 32 MHz/64 MHz/96 MHz 1/2/3
RCLP512K 512 kHz
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The Digital Controlled Xtal Oscillators (DXCOQO) are designed for low-power consumption and high
stability. There are two such crystal oscillators in the system, one at 32 MHz (XTAL32M) and a
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second at 32.768 kHz (XTAL32K). The 32.768 kHz oscillator has no trimming capabilities and is used
as the clock of the Extended Sleep mode. The 32 MHz oscillator can be trimmed.

The principal schematic of the two oscillators is shown in Figure 40. No external components to the
DA1470x are required other than the crystal itself. If the crystal has a case connection, it is advised
to connect the case to the ground.

a MHz £ o 32.768kHz ¢
= = X x
o~ o~ o~ o~
i3
& 4 % % 4 i
-4

—

7 ey ES
clock32MHz

clock32kHz

Figure 40: Crystal Oscillator Circuits

17.2.1 Frequency Control (32 MHz Crystal)

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

register.
With XTAL32M_TRIM_REG[XTAL32M_TRIM] = 0x2BF the maximum capacitance, and minimum

frequency is selected. With XTAL32M_TRIM_REG[XTAL32M_TRIM] = 0x000 the minimum
capacitance, and maximum frequency is selected.

The ten least significant bits of the XTAL32M_TRIM_REG register (XTAL32M_TRIM bit field) directly
control ten binary-weighted capacitors, as shown in Figure 41.

9 8 7 1 0
XTAL_32Mp & % P e |J
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Figure 41: XTAL32MHz Oscillator Frequency Trimming
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17.3 RC Oscillators
The DA1470x has three RC oscillators:

® RCHS generates 32 MHz, 64 MHz, or 96 MHz
e RCLP generates 32 kHz or 512 kHz
e RCX generates ~15 kHz

The RCHS oscillator is powered by the LDO_V30 or LDO_V30_RET, during Active or Sleep Mode.
The RCHS at 96 MHz is the default system clock and it has low jitter, when trimmed, to be able to be
used for UART operations.

The RCLP oscillator operates on VDD (V12) and generates 32 kHz or 512 kHz. The main usage of
the RCLP oscillator is for internal clocking during power-up or startup. The 512 kHz mode is used as
a default system clock in the sleep mode, but it can be programmed to use the 32 kHz mode during
sleep. It clocks the HW state machine which brings up the power management system of the chip.
The enhanced RC oscillator (RCX) generates 15 kHz. The RCX oscillator can be used to replace the
32.768 kHz crystal, since it has a precision of < 500 ppm, while its output frequency is quite stable
over temperature.

17.3.1 Frequency Calibration

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

The measurement procedure is as follows:

REF_CNT_VAL = N (the higher N, the more accurate and longer the calibration will be)

CLK_REF_SEL_REG[REF_CLK_SEL] = 0 (RCLP) or
CLK_REF_SEL_REG[REF_CLK_SEL] = 1 (RCHS) or
CLK_REF_SEL_REG[REF_CLK_SEL] = 2 (XTAL32K) or
CLK_REF_SEL_REG[REF_CLK_SEL] = 3 (RCX)
CLK_REF_SEL_REG[REF_CLK_SEL] = 5 (DIVN)

Start the calibration: CLK_REF_SEL_REG[REF_CAL_START] =1
Wait until CLK_REF_SEL_REG[REF_CAL_START] =0

Read CLK_REF_VAL_REG = M (32-bits value)

e Frequency = (N/M) * 32 MHz

In the case of using the RCX as a sleep clock, the frequency calibration should be implemented at a
frequency that ensures Bluetooth® LE connection maintenance.

17.4 PLL
There are two PLLs in DA1470x:

e PLL160M: The low-power PLL160M produces a 160 MHz clock with very high precision within a
few us. It is used as a system clock to provide more processing power to the CPU, enabling 240
dMIPS, for computational hungry applications. The reference clock for this PLL is the XTAL32M

® PLL48M: The low-power PLL48M provides a 48 MHz clock for the operation of the USB
Controller. The reference clock for this PLL is the XTAL32M
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18 OTP Controller

Device DA14701 DA14705 DA14706 DA14708
Feature Availability 4 v v v

18.1 Introduction

The OTP controller realizes all functions of the 4-kB OTP macrocell. The controller facilitates all data
transfers (reading and programming). The controller comprises two AHB slave interfaces, one for the
configuration registers and the second for the actual OTP memory cell. The OTP memory space is
transparently read by the CPU, but not transparently programmed.

The OTP controller operates on the AHB system clock. It takes care of the timing requirements of the
various OTP cell operations using system clock tick values in configurable registers. The actual
accesses to the OTP cell are performed at no more than 20 MHz, with the controller making sure this
frequency constraint is always respected.

Features

m Implements all timing constraints for any access to the physical memory cell in a configurable
manner

Automatic Error Code Correction (ECC) — 6 bits (implemented by the OTP cell)

32-bits read in a single clock cycle from the OTP cell

Single-word buffer for programming. No burst programming supported

Empty words are OXxFFFFFFFF. Zeros are programmed per 32-bit word

AHB Bus

AHB slave IF
AHB slave IF

Power wpot_aes_key

Management

A A

wpot_oqgspi_key

Unit OTP Controller Core
L wpot_sig_key
wpot_cs_write
S
NI
3
>
q
s
\
EN
V3o o otp_vdd2

162V-363V 2 Power S
Switch

Figure 42: OTP Controller Block Diagram

18.2 Architecture

The OTP controller block includes the OTP macro-cell and pure digital logic implementing the
controlling functions. The OTP memory communicates with the controller, through a proprietary
interface. A power switch is used to control the power of the OTP cell driven by the power
management unit of the system.

The internal organization of the OTP cell is 32 bits data + 6 bits ECC for each of the 1024
addressable positions. The 6 bits of the ECC are not accessible outside of the OTP cell. The ECC is
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generated during the programming by the OTP cell and is used during the reading again by the OTP
cell, in a transparent way.

The system supplies four signals that enable write protection of four address ranges in the OTP
memory. This protection prevents four specific address ranges of the OTP memory from being
programmed. The request comes from four interface signals. The four address ranges (in byte address)
and their corresponding interface signal that enables protection are:

e Rangel: 0x0B0O — OxOBFF, is protected when PROT_OQSPIF_KEY_WRITE is asserted
e Range2: 0Xx0A00 — OX0AFF, is protected when PROT_AES_KEY_WRITE is asserted

e Range3: 0x08C0 — 0x09BF, is protected when PROT_SIG_KEY_WRITE is asserted

e Range4: 0x0C00 — OxOFFF, is protected when RPOT_CS_WRITE is asserted

The first three address ranges host various encryption keys in the OTP cell: the encryption key of the
AES algorithm in the OQSPIC, the encryption key for the general-purpose AES engine, and the
signature public key. The fourth section host the configuration script.

The OTP controller configures the OTP cell to be in one of the following modes:

e Deep Standby Mode (DSTBY). In this mode, the required power supplies are applied to the OTP
cell. However, the internal LDO of the OTP cell is inactive. The otp_vdd2_en signal is 1 and the
otp_vdd2 should be at a functional voltage level (the VDD2 of the OTP cell is powered)

e Standby Mode (STBY). In this mode, the OTP cell is disabled by deactivating the chip select
signal. The OTP cell is powered and the internal LDO is enabled. The power consumption of the
OTP cell is not the lowest possible but is less than the power consumption in active mode. This is
the state from which any active mode of operation (READ, PROG, PVFY, RINI) happens with the
least delay

e Read Mode (RD). In this mode, the contents of the OTP cell are read at the respective AHB
address space. This mode can be used for software execution in place (XIP). The OTP controller
translates a read request into the corresponding control sequence for the OTP cell, to retrieve the
requested data

e Programming Mode (PROG). The PROG mode provides the functionality for programming a 32-
bit word into an OTP position. The OTP cell expands the 32-bit word by calculating and
automatically appending a 6-bit checksum (ECC). Note that there is no way to access these extra
6-bits of the ECC information. Programming is performed only for bits equal to 0. Bits that are
equal to 1 are bypassed to save on programming time. Because the ECC value is unknown to
the controller, there are always six extra programming pulses applied for the ECC bits.
Programming is done by issuing a programming request stored in the Programming Buffer
(PBUF). PBUF consists of two configuration registers storing the 32-bit data value and the 10-bit
address in the OTP cell where the value should be programmed. A new request can only be
stored in PBUF when the previous is served. A status bit indicates if this has already been done
and should therefore be monitored by SW before issuing a new programming request

e Programming Verification Mode (PVFY). The PVFY mode forces the OTP cell to enter in a
special margin read mode. This mode is used to verify the content of the OTP positions that have
been programmed using the PROG mode and that the programmed data is retrieved correctly
under all the corner cases. When this mode is used, the contents of the OTP cell can be read, at
the respective AHB address space. The CPU must read all OTP positions that have been
programmed by accessing the corresponding addresses and verify that all the retrieved words
are equal to the expected values

e Read Initial State Mode (RINI). The RINI mode implements a production test of the initial margin
read, which should be performed in the OTP cell before the first programming is applied. This test
verifies that the OTP cell is empty (all the bits are equal to 1). The OTP controller sends to the
OTP cell the required control sequence to enables the test mode. Following that, the CPU should
read all the content of the OTP cell at the respective AHB address space and verify that all the
retrieved words are equal to OXFFFFFFFF
This specific read mode is a margin read, which means that is not equivalent to the normal read
and should only be used for this purpose.
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18.3 Programming

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

1. Enable

clock for OTP controller by setting the CLK_AMBA_REG[OTP_ENABLE] bit.

2. Putthe OTP in standby mode (OTPC_MODE_REG[OTPC_MODE_MODE] = 0x1).
3. Wait OTP mode to change (OTPC_STAT_REG[OTPC_STAT_MRDY] =1).

a. Set OTP speed by writing OTPC_TIM1_REG and OTPC_TIM2_REG.
4. Perform an OTP access:

a. Programming:

i.
ii.
iii.
iv.
V.
Vi.
Vii.
viil.
iX.
X.
Xi.

Set up OTP write mode (OTPC_MODE_REG[OTPC_MODE_MODE] = 0x3).

Wait OTP mode to change (OTPC_STAT_REG[OTPC_STAT_MRDY] = 1).

Check OTPC_STAT_REG[OTPC_STAT_PBUF _EMPTY]=1

Write OTPC_PWORD_REG the data to be programmed.

Write OTPC_PADDR_REG the address that the data will be programmed to.

Wait until the programming is finished (OTPC_STAT_REG[OTPC_STAT_PRDY] =1).
Switch to OTP verify mode (OTPC_MODE_REG[OTPC_MODE_MODE] = 0x4).
Wait OTP mode to change (OTPC_STAT_REG[OTPC_STAT_MRDY] = 1).

Read back and compare the data written.

Put the OTP in standby mode (OTPC_MODE_REG[OTPC_MODE_MODE] = 0x1).
Wait OTP mode to change (OTPC_STAT_REG[OTPC_STAT_MRDY] = 1).

b. Reading:

i.
.
iii.
iv.
V.

Datasheet

Set up OTP read mode (OTPC_MODE_REG[OTPC_MODE_MODE] = 0x2).

Wait OTP mode to change (OTPC_STAT_REG[OTPC_STAT_MRDY] = 1).

Read OTP word.

Put the OTP in standby mode (OTPC_MODE_REG[OTPC_MODE_MODE] = 0x1).
Wait OTP mode to change (OTPC_STAT_REG[OTPC_STAT_MRDY] = 1).
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19 Octa/Quad SPI FLASH Controller

Device DA14701 DA14705 DA14706 DA14708

Feature Availability 4 v v v

19.1 Introduction

The Octa/Quad SPI Controller (OQSPIC) provides a low-pin count interface to FLASH memory
devices. The OQSPIC supports the standard Serial Peripheral Interface (SPI) and a high-
performance Dual/Quad/Octa SPI Interface. The OQSPIC gives the ability to read data from an
octa/quad FLASH memory, transparently through the SPI bus. This Execute-In-Place (XIP) feature
combined with the CPU cache provides comparable performance to executing code from embedded
FLASH. In this case, the OQSPIC generates all the control signals for the SPI bus that are needed to
read data from the serial FLASH memory. Additionally, the software can easily control the serial
FLASH memory via a memory-mapped register file which is contained in the OQSPIC. All
instructions supported by the FLASH memory can be programmed using the above register file.

Features

m  SPI Modes:
o Single: Data transfer via two unidirectional pins
o Dual: Data transfer via two bidirectional pins
O Quad: Data transfer via four bidirectional pins
o Octa: Data transfer via eight bidirectional pins

m  Auto Mode: up to 128 MB transparent Code access for XIP (Execute-In-Place) and Data access
with 3-byte and 4-byte addressing modes

Manual Mode: Direct register access using the QSPIC register file
Up to 96 MHz OQSPI clock. Clock modes 0 and 3. Master mode only
Vendor independent Instruction Sequencer

Support for single access and high-performance burst mode, in combination with the cache
controller (in Auto Mode)

Use of a special read instruction in the case of a specific (programmable) wrapping burst access
Erase suspend/resume support
Support for Code and Data storage

Decrypt on-the-fly (AES-256b-CTR) capability while in auto mode operation

Initialization
Req/Ack
Handshake

A

AHB Slave AES-256b- Bus
Interface CTR Interface

|

Syncronizer

i
i
<“—AHB [€=0/Q SPI I/F>

Register File

Controller

0QsPI Controller |

Figure 43: OQSPI FLASH Controller Block Diagram
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19.2 Architecture

The AHB slave block implements the AHB Slave interface which enables access to the register file.
The Controller implements all protocols related to the functionality of the FLASH memory. It contains
a finite state machine (FSM) that generates all necessary signaling to the OQSPI bus and realizes all
features of the Auto mode operation. Moreover, it manages all data transfers between the two
interfaces (the AHB and the O/Q SPI).

The Bus Interface block controls the O/Q SPI signals at the lowest level while the Synchronizer
implements "stretching" or "shortening" of the signals that cross the two clock domains.

19.2.1 Interface
The Octa/Quad SPI Controller uses the following signals:

OQSPIF_SCK: output serial clock
OQSPIF_CS: Active Low output Chip select
e OQSPIF_IOO:
o MOSI (output) in single SPI mode
o 100 (bidirectional) in Quad/Octa SPI mode
e OQSPIF_|0O1:
o MISO (input) in single SPI mode
o 101 (bidirectional) in Quad/Octa SPI mode
e OQSPIF_102:
o WPn Write Protect output in single SPI mode
o 102 (bidirectional) in Quad/Octa SPI mode
e OQSPIF_IOS3:
o HOLDnN/Resetn output in Single SPI mode
o 103 (bidirectional) at Quad/Octa SPI mode
e OQSPIF_104:
o 104 (bidirectional) at Octa SPI mode
e OQSPIF_IO5:
o 105 (bidirectional) at Octa SPI mode
e OQSPIF_IOE:
o 106 (bidirectional) at Octa SPI mode
e OQSPIF_I0T7:
o 107 (bidirectional) at Octa SPI mode

The output drive of the pads is programmable via register bits
OQSPIF_GP_REG[QSPI_PADS_DRV] and slew via OQSPIF_GP_REG[QSPI_PADS_SLEW].

The Octa/Quad SPI Controller (OQSPIC) drives all data pins constantly except for the case when a
read is performed. The time for changing the direction of the pads is at least 1.5 x OQSPIF_CLK
(OQSPIF_CLK being the clock that the FLASH operates on). In this way, data lines are always
terminated thus reducing unnecessary power consumption.

The default state of the OQSPIF_I1Ox pins is 1. This state is applied at the pins as soon as the
OQSPIC clock is enabled even if no access to the external FLASH has yet been triggered. The value
of the pins might be changed by programming the respective registers (fields OSPIC_10x_DAT,
OSPIC_10x_OEN of the OQSPIF_CTRLMODE_REG register). These values are applied
immediately (delayed only by the pipeline of the controller).
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19.2.2 SPI Modes
The Octa/Quad SPI Controller (OQSPIC) supports the following SPI standards:

e Single: Data transfer via two unidirectional pins. The OQSPIC supports communication to any
single/dual/quad or octa SPI FLASH memory. However, the Single SPI interface does not
support bus modes 1 and 2, full-duplex communication, and any SPI slave mode

Dual: Data transfer via two bidirectional pins
Quad: Data transfer via four bidirectional pins
e Octa: Data transfer via eight bidirectional pins

19.2.3 Access Modes
The access to a serial FLASH connected to the O/Q SPI, use one of the modes:

e Auto mode
e Manual mode

These modes are mutually exclusive. The serial FLASH can operate only in one of the two modes. In
auto mode, 3-bytes and 4-bytes addressing modes are supported. With
OQSPIF_CTRLMODE_REG[OSPIC_USE_32BA]=0, up to 16 MB O/Q SPI (3-bytes addressing) can
be accessed. If OSPIF_USE_32BA=1, 4-bytes addressing is enabled for accessing up to 128 Mbyte
0O/Q SPI FLASH.

Auto mode

In auto mode, read access from the serial FLASH memory is fully transparent to the CPU. Read
access at the interface is translated by the OQSPIC into the respective SPI bus control commands
needed for the FLASH memory access. When the Auto mode is disabled, any access (reading or
writing) is ignored. When the Auto Mode is enabled, only read access is supported. Write access
causes a hard fault. Read access can be single access, incremental burst, or wrapping burst.
Wrapping burst is supported even when the FLASH device does not support any special instruction
for wrapping burst. A special read instruction can be used in the case of a specific (programmable)
wrapping burst access. When a FLASH supports a special instruction for wrapping burst access, it
reduces access time (fewer wait states). For maximizing the utilization of the bus and minimizing the
number of wait states, it is recommended to use burst accesses. However, non-sequential random
accesses are supported with the cost of more wait states.

Manual Mode

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

19.2.4 Endianness

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

19.2.5 Erase Suspend/Resume

The OQSPI FLASH can be used for Data Storage, combining the EEPROM functionality + Program
storage in one single device. For this purpose, the O/Q SPI ERASE/SUSPEND ERASE/RESUME
commands are automatically executed as shown in Figure 44.

To store data in OQSPI FLASH, execution from O/Q SPI must temporarily be stopped by running
directly from RAM or a cached program part. The sector selected for storage must be erased first, in
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case it contained data already. The process is implemented in an HW FSM and consists of the
following steps:

1.

The controller is in Auto mode and read requests are served. The Erase procedure is initiated by
setting OSPIC_ERASE_EN=1, on the OQSPIF_ERASECTRL_REG register. The address of the
sector that will be erased is defined at OSPIC_ERS_ADDR. When an Erase procedure is
requested, the controller jumps to state 2.

Read requests are still served. As soon as the Read requests stop (also possible due to late bus
master change, for example, DMA) and there is no new Read request for a few AHB clock cycles
equal to OSPIC_ERSRES_HLD (OQSPIF_ERASE_CMDB_REG register), then
OSPIC_WEN_INST and OSPIC_ERS_INST (OQSPIF_ERASECMDA_REG register) instructions
are sent to the FLASH. The OSPIC_RESSUS_DLY (OQSPIF_ERASECMDB_REG register)
counter is started and the controller jumps to state 3.

Erasing is in progress in FLASH and the OQSPI controller waits until one of the following events
occur:

a. A status check request. This request can be forced by writing OQSPIF_CHCKERASE_REG.
The OQSPI controller then reads the status of the FLASH memory and check if erasing has
finished. Reading of the status is delayed by OSPIC_RESSTS DLY
(OQSPIF_STATUSCMD_REG register) cycles or by OSPIC_RESSUS_DLY
(OQSPIF_ERASECMDB_REG register) cycles. The first is based on the clock of the SPI bus,
while the latter is on an internal 222 kHz clock. The selection between the two delays is
configured by the OSPIC_STSDLY_SEL bit of the OQSPIF_STATUSCMD_REG register. If
erasing has finished, the OQSPI controller returns to the normal operation (state 1) and sets
OSPIC_ERASE_EN= 0, otherwise, it remains at state 3.

b. A FLASH read data request on the AHB bus. The OQSPI controller reads the status of the
FLASH memory and checks if erasing is done. The reading of the status is delayed again as
in the previous case by OSPIC_RESSTS _DLY or OSPIC_RESSUS_DLY. If erasing has
ended, the controller returns to normal operation (state 1) and sets OSPIC_ERASE_EN= 0.
The read request is served as soon as the controller reaches state 1. If erasing has not
ended, the controller proceeds to state 4.

The OSPIC_SUS_INST (OQSPIF_ERASECMDA_REG register) is sent as soon as the
OSPIC_RESSUS_DLY/OSPIC_RESSTS_DLY counter is 0. The controller jumps to state 5.

The controller polls the FLASH status register until the FLASH device becomes ready (erasing is
suspended). The controller then proceeds to state 6.

The erasing process in the FLASH is now suspended and the controller may read the FLASH.
The requested data are retrieved from the FLASH device. If the reading on the AHB stops, (for
example, Cache hit), and there are no new Read requests for a number of AHB clock cycles
equal to OSPIC_ERSRES_HLD (OQSPIF_ERASECMDB_REG register), the controller goes to
state 7.

The OSPIC_RES_INST instruction is applied, and the controller jumps back to state 3. Also, the
OSPIC_RESSUS_DLY counter is started. As a result, the erase procedure is resumed.
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Figure 44: Erase Suspend/Resume in Auto Mode

Note that OSPI_RESSTS_DLY counts OQSPIF_CLK cycles, so before changing the OQSPIF_CLK,
make sure that OSPI_RESSTS_DLY is set large enough to meet the timing parameter requirements
of the FLASH device used.

19.2.6 On-the-Fly Decryption

The OQSPIC supports decryption of the data retrieved from the FLASH device, only when in Auto
mode. FLASH contents should be encrypted already, using the same algorithm.

The address range that will be decrypted automatically by the controller, is defined in the OQSPIC by
using two configuration registers, one for the start address (OQSPIF_CTR_SADDR_REG register),
and one for the end address (OQSPIF_CTR_EADDR_REG register). The defined address range is
1024 bytes aligned. All addresses that are outside of this range are not be automatically decrypted,
but fetched as is.

The on-the-fly decryption feature is based on the CTR mode of the AES encryption algorithm. The
AES algorithm processes blocks of 128 bits. That means that the input and the output block of the
AES are 128 bits or 16 bytes and as a result, data to be processed by the algorithm, are fragmented
into blocks of 16 bytes. The key size that is used for the AES algorithm is 256 bits.

For the AES-256-CTR algorithm, only the cipher part of the AES algorithm is required. The general
idea of the encryption process is based on the encryption of a 128-bit counter block (CTR). The initial
value of the CTR is labeled as CTRO. The first counter block (CTRO) is encrypted with the help of the
AES cipher, and the encrypted result is XORed with the first 16 bytes of the plaintext data (PO) to be
encrypted. The counter block is incremented by one (CTR1 = CTRO + 1) and is encrypted again. The
result is XORed, with the next 16 bytes of the plaintext (P1), and so on, until all plaintext data are
encrypted.

The AES CTR decryption is the same process as the encryption. By XORing again the ciphertext
with the same encrypted counter value, the plaintext is retrieved. The decryption process can be
described by equations as bellow:

Forj=1tom, do CTR;j=CTRj1 + 1
For j=0 to m, do Py=AES_CIPHk(CTR;) @ C;
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Because accesses to the FLASH memory are random, the structure of the CTR block is selected to
simplify the process. The total size of the counter block is 128 bits or 16 bytes namely: CTRBo,
CTRB41, CTRB2, CTRBs, ..., CTRB14, CTRBis.

The first 8 bytes (CTRBo- CTRB?7) of the counter block comprise the NONCE value and are
programmed in the OQSPI Controller in configuration registers (OQSPIF_CTR_NONCE_* REG).
This is typically a random value and is the same for all the CTRi blocks.

The next 4 bytes of the counter block (CTRBs-CTRBu11) are always zero.

The last 4 bytes of the counter block (CTRB12-CTRB1s), are produced automatically by the hardware,
based on the 32-bit address offset OFFSET_ADDR [31:0] inside the encrypted range, where the data
that should be decrypted are placed. If FLASH_ADDR[31:0] is the absolute address of a specific byte
inside the encrypted range, the offset address is OFFSET_ADDR = FLASH_ADDR -
OQSPIF_CTR_SADDR_REG|OSPIC_CTR_SADDR]. The four least significant bits of the address
offset are truncated and the four most significant bits of the CTRB12 are padded with zeros. Thus,
the zero value in bytes CTRB12-CTRB1s of the CTR is used for the first 16 bytes of the address range
that is encrypted, the value 1 is used for the second 16 bytes of the address range, and so forth.

The final form of the counter block is the following:
{64 bits NONCE, 32 bits 0x0, 4 bits Ox0, OFFSET_ADDR[31:4]}

The four least significant bits of the address offset OFFSET_ADDR[3:0] define which of the
AES_CIPHK(CTR;) bytes should be used for the decryption of a specific byte of the encrypted block
Ci

In this way, the CTR block that should be used for the decryption of a specific byte, can be calculated
immediately by the address of the byte in the FLASH and the start address of the encrypted range.
This counter block supports up to 4 GB data, which covers the maximum supported size for the
FLASH devices.

19.3 Programming

19.3.1 Auto Mode

In the case of Auto Mode of operation, the OQSPIC generates a sequence of control signals in SPI
BUS. This sequence of control signals is analyzed to the following phases: instruction phase,
address phase, extra byte phase, dummy clocks phase, and read data phase. These phases can be
programmed via registers

e OQSPIF_BURSTCMDA_REG

e OQSPIF_BURSTCMDB_REG

Bits OSPIC_INST are used to set the selected instruction for the cases of incremental burst or single
read access. If bit OSPIC_WRAP_MD is equal to 1, bit OSPIC_INST_WB can be used to set the
used instruction for the case of a wrapping burst read access of length and size described by the bits
OSPIC_WRAP_LEN and OSPIC_WRAP_SIZE respectively. In all other cases, the OSPIC_INST is
the selected instruction.

If the instruction must be transmitted only in the first access after the selection of Auto Mode, then
the OSPIC_INST_MD must be equal to 1.

To enable the extra byte phase set OSPIC_EXT_BYTE_EN=1 register. The transmitted byte during
the extra byte phase is specified by the OSPIC_EXT_BYTE register. To disable (hi-Z) the output
pads during the transmission of bits [3:0] of extra byte, set OSPIC_EXT_HF DS =1.

The number of dummy bytes during the dummy clocks phase is specified by OSPIC_DMY_NUM and
enabled by OSPIC_DMY_EN in the OQSPIF_BURSTCMDB_REG register.

The SPI BUS mode during each phase can be set with register bits:
e OSPIC_INST_TX_MD for the instruction phase

e OSPIC_ADR_TX_MD for the address phase

e OSPIC_EXT_TX_MD for the extra byte phase
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e OSPIC_DMY_TX_MD for the dummy byte phase
e OSPIC_DAT_RX_MD for the read data phase

If the Quad SPI mode is selected in any of the above phases, write 0 to the OSPIC_IO3_OEN and
OSPIC_102_OEN.

If the FLASH Memory needs to be accessed with any instruction but the read instruction, then the
Manual Mode must be used. The final step to enable the use of Auto Mode of operation is to set the
OSPIC_AUTO_MD equal to 1.

19.3.2 Manual Mode

For the Manual mode, OSPIC_AUTO_MD must be equal to zero. Manual operation of the bus
signals is done via OQSPIF_CTRLBUS_REG:

e The start/end of access can be controlled using bits OSPIC_EN_CS and OSPIC_DIS_CS
respectively

e The SPI bus mode of operation can be configured with bits OSPIC_SET_SINGLE,
OSPIC_SET_DUAL and OSPIC_SET_QUAD

Writing to the OQSPIF_WRITEDATA register is generating a data transfer from the OQSPIC to the
SPI bus. Read access at the OQSPIF_READDATA register is generating a data transfer from the
SPI bus.

Writing to the OQSPIF_DUMMYDATA register is generating a few dummy clock pulses to the SPI
bus.

When access to the SPI bus via OQSPIF_WRITEDATA, OQSPIF_READDATA, and
OQSPIF_DUMMYDATA is very slow, most probably the delay in accessing the internal AHB is large.
In this case, set the OSPIC_HRDY_MD register equal to 1 to increase priority when accessing the
required registers. All masters of the SoC can access the AHB bus interface without waiting for the
SPI Bus access completion. Polling of the OSPIC_BUSY register must be done to check the end of
the activity at the SPI bus, before issuing any more accesses. If a read transaction is finished,
OQSPIF_RECVDATA contains the received data.

The state and the value of the OSPI_I10[3:2] are specified by the following registers bits:

e OSPIC_I03_OEN, OSPIC_IO3_DAT (Used for the WPn, Write Protect function)
e OSPIC_IO2_OEN, OSPIC_IO2_DAT respectively (Used for the HOLDn function)

19.3.3 Clock Selection

The SPI clock mode as set with bit OSPIC_CLK_MD The supported modes for the generated SPI
clock is:

e 0= Mode 0. The OQSPI_SCK is low when the bus is idle (OQSPI_CS is high)

e 1 =Mode 3. The OQSPI_SCK is high when the bus is idle (OQSPI_CS is high)

The OQSPI_CLK frequency has a programmable divider CLK_AMBA_REG[OQSPIF_DIV] which
divides SYS_CLK by 1,2,4,8. The OQSPI_CLK can be faster or slower than HCLK.

19.3.4 Receiving Data

The standard method to sample received data is by using the positive edge of the OQSPI_SCK.
However, when the output delay of the FLASH memory is high, a timing problem on the read path is
very likely. For this reason, the QSPIC can be programmed to sample the received data with the
negative edge of the OQSPI_SCK. This is configured with the OSPIC_RXD_NEG register.

Furthermore, the receive data can be pipelined by setting OSPIC_RPIPE_EN = 1 and the sampling
clock can be delayed using OSPIC_PCLK_MD. This enables sampling the received data later than
the actual clock edge allows.
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19.3.5 Delay Line Configuration

When VDD = 0.9 V (POWER_LVL _REG[V12_LEVEL] = 0x1) and OQSPI_CLK = 32 MHz, the
OQSPIF_CTRLMODE_REG[OSPIC_PCLK_MD] bit field should be equal to 2. On the contrary, if
VDD = 1.2 V then OQSPIF_CTRLMODE_REG[OSPIC_PCLK_MD] hit field should be equal to 7.
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20 Quad SPI FLASH/RAM Controllers

Device DA14701 DA14705 DA14706 DA14708
Number of QSPI controllers 2 1 2 2

20.1 Introduction

The two Quad SPI FLASH/RAM Controllers (QSPIC and QSPIC2) provide a low-pin count interface

to serial QSPI FLASH/RAM devices. The controllers support the standard Serial Peripheral Interface
(SPI) and a high-performance Dual/Quad SPI Interface. The RAM feature provides a low-cost RAM

extension for infrequently used data.

The QSPIC/QSPIC2 automatically generates all the control signals for the QSPI bus needed to
access data from the serial quad memory. The controller has a vendor-independent register file that
provides a rich set of control fields for a wide range of the FLASH/RAM devices.

Features

m  SPIl modes:
o Single: Data transfer via two unidirectional pins
o Dual: Data transfer via two bidirectional pins
O Quad: Data transfer via four bidirectional pins

m  Auto mode: up to 128 MB memory-mapped Read/Write Data access with 3-byte and 4-byte
addressing modes

Manual mode: Direct register access using the QSPIC/QSPIC2 register file

QSPI clock up to 96 MHz. Clock modes 0 and 3. Master mode only

Vendor independent Instruction Sequencer

In Auto mode, the FLASH control signals are fully programmable

Use of a special read instruction in the case of a specific (programmable) wrapping burst access
Erase suspend/resume support

Support for Code and Data storage

<

Auto Register
Access Access

QSPIC/QSPIC2
FLASH/RAM
Controller

QSPIC_DIV/
QSPIC2_DIV

PPA

QSPIC_CLK/
QSPIC2_CLK
96 MHz Max

QsPIC_I0[0-3]/
QsPIC2_IO[0-3]

QSPIC_CLK/
QSPIC2_CLK  QSPIC2_CS

QsPI
FLASH/RAM

Figure 45: QSPIC FLASH Controller Block Diagram
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20.2 Architecture

20.2.1 Interface
The Quad SPI Controllers use the following signals:

e QSPIC_CLK/QSPIC2_CLK: output serial clock
QSPIC_CS/QSPIC2_CS: Active Low output Chip select
QSPIC_IO0/QSPIC2_IO0:

o DO (output) in Single SPI mode

o 100 (bidirectional) in Dual/Quad SPI mode
e QSPIC_IO1/QSPIC2_IO1:

o DI (input) in Standard SPI mode

o 101 (bidirectional) in Dual/Quad SPI mode

e QSPIC_lO2/QSPIC2_I02:

o General-purpose (output) (for example, WPn Write Protect) in Standard SPI mode
o 102 (bidirectional) in Quad SPI mode

e QSPIC_IO3/QSPIC2_I03:

o General-purpose (output) (for example, HOLDn) in Single SPI mode
o 103 (bidirectional) in Quad SPI mode

20.2.2 SPI Modes
The Quad SPI Controllers (QSPIC/QSPIC2) support the following SPI standards:

e Single: Data transfer via two unidirectional pins. The QSPIC/QSPIC2 supports communication to
any single/dual or Quad SPI FLASH memory. In contradiction to the Standard SPI interface, the
supported Single SPI interface does not support the bus modes 1 and 2, full-duplex
communications, and any SPI slave mode
Dual: Data transfer via two bidirectional pins

Quad: Data transfer via four bidirectional pins

20.2.3 Access Modes

Access to a serial memory (FLASH or RAM) connected to the QSPIC/QSPIC2 can be done in two
modes:

e Auto mode
e Manual mode

These modes are mutually exclusive. The serial memory can be controlled only in one of the two
modes. The registers which control the mode of operation can be used at any time. In the following
sections, the registers of the QSPIC are used as references. The register names for QSPIC2 are the
same with the prefix QSPIC2 instead of QSPIC.

In Auto mode, 3-byte and 4-byte addressing modes are supported. With QSPIC_USE_32BA =0, up
to 16 MB serial memory (3-byte addressing) can be accessed. If QSPIC_USE_32BA = 1, the 4-byte
addressing is enabled for accessing up to 128 MB serial memory.

Auto Mode FLASH Access

In auto mode (QSPIC_AUTO_MD = 1), the read access to a serial FLASH memory is performed in a
fully transparent way through the SPI bus. Read access to the memory space, where the external
memory is mapped, is translated by the controller to the respective SPI bus command sequence,
which is needed for the retrieving of the requested data from the serial FLASH memory.
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When the auto mode is disabled (QSPIC_AUTO_MD = 0), any access (reading or writing) to the
mapped memory space is ignored by the controller.

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

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

Auto Mode RAM Access

In the case where it is connected to a serial RAM device, the QSPIC/QSPIC2 controller can provide
read/write functionality.

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

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

Write access to the memory space where the external memory is mapped, does not cause a hard
fault to the CPU. On the contrary, the write access is interpreted by the QSPIC/QSPIC2 in the
respective QSPI bus protocol, and the write data is stored in the external RAM device.

The controller is capable of handling write accesses of all kinds of burst: single access, incremental
burst, or wrapping burst access. The throughput that can be achieved varies depending on the burst
length, the word width, the cost of the protocol of the external memory device, and the frequency of
the QSPI clock.

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

Manual Mode

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

20.2.4 Endianness

The QSPIC/QSPIC2 controllers operate in little-endian mode. For 32-bit or 16-bit access (for read
and write operations) to a serial memory, the least significant byte comes first. For 32-bit access, the
byte ordering is: data [7:0], data [15:8], data [23:16], data [31:24] and for 16-bit access the byte
ordering is: data [7:0], data [15:8].

20.2.5 Erase Suspend/Resume

A QSPI FLASH memory can be used for data storage, combining the EEPROM functionality +
Program storage in one single device.
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For this purpose, the QSPI ERASE/SUSPEND ERASE/RESUME are automatically executed as
shown in Figure 46.

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

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

Erase procedure

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

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

3. The erasing is in progress in the QSPI FLASH memory. The QSPI controllers wait for one of the
following:

a. A status check request. This request can be forced by writing QSPIC_CHCKERASE_REG.
This makes the QSPIC/QSPIC2 controller read the FLASH memory status and checks the
end of erasing. Reading the status is delayed by QSPIC_RESSTS_DLY cycles or by
QSPIC_RESSUS _DLY cycles. The QSPIC_RESSTS _DLY delay is based on the SPI bus
clock, while the QSPIC_RESSUS_DLY delay is based on a 288 kHz clock. The selection
between the two delays is configured with the help of the QSPIC_STSDLY_SEL bit. After
erasing, the QSPIC/QSPIC2 controller returns to the normal operation (state 1) and sets
QSPIC_ERASE_EN = 0, otherwise, it remains in state 3.

b. A read data request on the AHB bus. The QSPIC/QSPIC2 controller reads the status of the
FLASH memory and checks the end of erasing. Status reading is delayed again by
QSPIC_RESSTS_DLY cycles or QSPIC_RESSUS_DLY cycles. The QSPIC_STSDLY_SEL
bit does the Selection between the two delays. At the end of erasing, the controller returns to
normal operation (state 1) and sets QSPIC_ERASE_EN = 0. The read request is served in
state 1. If the erasing has not ended, the controller proceeds to state 4.

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

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

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

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

Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 195 of 1019 © 2022 Renesas Electronics



RENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

ERS_STATE = No erase

ERS_STATE = Erase Resume ERS_STATE = Pending
Request QSPIC_ERASE_EN=1 Erase Request
Start QSPIC_RESSUS_DLY counter 7
Read request
A
/Read & ERRSRES_HLD cycles (Read | check erase) & BUSY_VAL=0

Set QSPI_ERASE_EN=0

read
request 6 Send QSPI_RES_INST

X
ERS_STATE = Erase
Suspended

/Read & ERRSRES_HLD cycles
Send QSPIC_WEN_INST and QSPIC_ERS_INST
Start QSPIC_RESSUS_DLY counter

ERS_STATE = Erasing

BUSY_VAL=0

Read & BUSY_VAL=1

5 )e

<

Send QSPI_SUS_INST
BUSY_VAL=1

ERS_STATE = Erase Suspend Wait for QSPIC_RESSUS_DLY=0

Request

Figure 46: Erase Suspend/Resume in Auto Mode

Note that QSPIC_RESSTS_DLY is counted with the QSPIC_CLK, so before changing the
QSPIC_CLK, make sure that QSPIC_RESSTS _DLY is set large enough to meet the timing
parameter requirements.

QSPI FLASH Programming Procedure

Sectors are programmed in manual mode by polling the status bit in the QSPI FLASH. During
programming, the CPU should not run code from this FLASH device. Also, interrupts must be
disabled while executing the write command to the FLASH.

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

20.2.6 Low Power Considerations

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

For the lowest power with a slow CPU (for example, 2 MHz) and high QSPIC_CLK (for example, 32
MHz) bit, QSPIC_CTRLMODE_REG[QSPIC_FORCENSEQ_EN] must be set to 1. This enables split
burst mode, reducing the power dissipation during active burst only while disabling the FLASH when
the burst is done compared to high-efficiency burst. These two modes are explained in Figure 47 and
Figure 48.
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Figure 47: QSPI Split Burst Timing for Low Power (QSPIC_FORENSEQ_EN = 1)
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Figure 48: QSPI Burst Timing for High Performance (QSPIC_FORENSEQ_EN = 0)

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

20.3 Programming

In the following sections, the registers of the QSPIC are used as reference. The register names for
QSPIC?2 are the same with the prefix QSPIC2 instead of QSPIC.
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20.3.1 QSPI Flash Operation

20.3.1.1 Auto Mode

In the case of Auto Mode of operation, the QSPIC/QSPIC2 generates a sequence of control signals
in SPI BUS. This sequence of control signals is analyzed into the following phases: instruction phase,
address phase, extra byte phase, dummy clocks phase, and read data phase. These phases can be
programmed via registers:

e QSPIC_BURSTCMDA_ REG

e QSPIC_BURSTCMDB_REG

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

QSPIC_WRAP_LEN and QSPIC_WRAP_SIZE respectively. In all other cases, the QSPIC_INST is
the selected instruction.

If the instruction must be transmitted only in the first access after the selection of Auto Mode, then
the QSPIC_INST_MD must be equal to 1.

To enable the extra byte phase set QSPIC_EXT_BYTE_EN = 1 register. The transmitted byte during
the extra byte phase is specified by the QSPIC_EXT_BYTE register. To disable (hi-Z) the output
pads during the transmission of bits [3:0] of extra byte, set QSPIC_EXT_HF_DS = 1.

The number of dummy bytes during the dummy clocks phase is specified by the register
QSPIC_DMY_NUM and enabled by QSPIC_DMY_FORCE.

The SPI BUS mode during each phase can be set with register bits:
QSPIC_INST_TX_MD for the instruction phase
QSPIC_ADR_TX_MD for the address phase
QSPIC_EXT_TX_MD for the extra byte phase
QSPIC_DMY_TX_MD for the dummy byte phase

e QSPIC_DAT_RX_MD for the read data phase

If the Quad SPI mode is selected in any of the above phases, write 0 to the QSPIC_103_OEN and
QSPIC_102_OEN.
If the FLASH Memory needs to be accessed with any instruction but the read instruction, then the

Manual Mode must be used. The final step to enable the use of the Auto mode of operation is to set
the QSPIC_AUTO_MD equal to 1.

20.3.1.2 Manual Mode

For the Manual mode, QSPIC_AUTO_MD must be equal to zero. Manual operation of the bus
signals is done via QSPIC_CTRLBUS_REG:

e The start/end of access can be controlled using bits QSPIC_EN_CS and QSPIC_DIS_CS
respectively

e The SPI bus mode of operation can be configured with bits QSPIC_SET_SINGLE,
QSPIC_SET_DUAL and QSPIC_SET_QUAD

Writing to the QSPIC_WRITEDATA register is generating a data transfer from the QSPIC to the SPI
bus. Read access at the QSPIC_READDATA register, is generating a data transfer from the SPI bus.

Writing to the QSPIC_DUMMYDATA register is generating a few dummy clock pulses to the SPI bus.

When access to the SPI bus via QSPIC_WRITEDATA, QSPIC_READDATA, and
QSPIC_DUMMYDATA is very slow, most probably the delay in accessing the internal AHB is large.
In this case, set the QSPIC_HRDY_MD register equal to 1 to increase priority when accessing the
required registers. All masters of the SoC can access the AHB bus interface without waiting for the
SPI Bus access completion. Polling of the QSPIC_BUSY register must be done to check the end of
the activity at the SPI bus, before issuing any more accesses. If a read transaction is finished,
QSPIC_RECVDATA contains the received data.
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The state and the value of the QSPI_10[3:2] are specified by the following registers bits:

e QSPIC_I03_OEN, QSPIC_103_DAT (Used for the WPn, Write Protect function)
e QSPIC_I02_OEN, QSPIC_102_DAT respectively (Used for the HOLDn function)

20.3.1.3 Clock Selection

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

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

The QSPI_CLK frequency has a programmable divider CLK_AMBA_REG[QSPIC_DIV/QSPIC2_DIV]
which divides the SYS_CLK by 1,2,4,8.

The QSPI_CLK can be faster or slower than HCLK.

20.3.1.4 Receiving Data

The standard method to sample received data is by using the positive edge of the QSPI_SCK.
However, when the output delay of the FLASH memory is high, a timing problem on the read path is
very likely. For this reason, the QSPIC can be programmed to sample the received data with the
negative edge of the QSPI_SCK. This is configured with the QSPIC_RXD_NEG register.

Furthermore, the receive data can be pipelined by setting QSPI_RPIPE_EN=1 and the sampling
clock can be delayed using QSPI_PCLK_MD. This enables sampling of the received data later than
the actual clock edge allows.

20.3.1.5 Delay Line Configuration

When VDD = 0.9 V (POWER_LVL_REG[V12_LEVEL] = 0x1) and QSPI_CLK = 32 MHz, the
QSPIC_CTRLMODE_REG[QSPIC_PCLK_MD] bit field should be equal to 2. On the contrary, if VDD
=1.2V, then QSPIC_CTRLMODE_REG[QSPIC_PCLK_MD] bit field should be equal to 7.

20.3.2 QSPI PSRAM Operation

20.3.2.1 Auto Mode
Chip Selection

In Auto mode, QSPI executes from address 0. Notice that certain PSRAM RAM devices (for
example, APmemory APS6404L) connected to the QSPI interface have a minimum time tcem that the
#CE may stay low. SW must make sure that the QSPI CLK is not going too slow during a burst,
otherwise, RAM data might get lost.

Read Burst in Auto Mode

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

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

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

To enable the extra byte phase, set 1 to the QSPIC_EXT_BYTE_EN register. The transmitted byte
during the extra byte phase is specified from the QSPIC_EXT_BYTE register. To disable (hi-z) the

Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 199 of 1019 © 2022 Renesas Electronics



LENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final

DA1470x

output pads during the transmission of bits [3:0] of extra byte, write 1 to the QSPIC_EXT_HF DS
register.

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

QSPIC_INST_TX_MD for the instruction phase

QSPIC_ADR_TX_MD for the address phase

QSPIC_EXT_TX_MD for the extra byte phase

QSPIC_DMY_TX_MD for the dummy byte phase

e QSPIC_DAT_RX_MD for the read data phase.

If the Quad SPI mode is selected in any of the above phases, write 0 to the QSPIC_IO3_OEN and
QSPIC_102_OEN.

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

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

Write Bursts in Auto Mode

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

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

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

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

® QSPIC_WR_INST_TX_MD for the instruction phase
e QSPIC_WR_ADR_TX_MD for the address phase
e QSPIC_WR_DAT_TX_MD for the read data phase

If the serial RAM must be configured with a special command sequence prior to the write instruction,
Manual mode must be used.

20.3.2.2 Manual Mode

For the Manual mode, QSPIC_AUTO_MD must be equal to zero. Manual operation of the bus signal
is done via QSPIC_CTRLBUS REG:

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

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

Writing to the QSPIC2_WRITEDATA register generates a data transfer from the QSPIC to the SPI
bus. Read access at the QSPIC_READDATA register generates a data transfer from the SPI bus.
Writing to the QSPIC_DUMMYDATA register generates a number of clock pulses to the SPI bus.
During this activity in the SPI bus, the QSPI_IO data pads are in a hi-z state.

When access to the SPI bus via QSPIC_WRITEDATA, QSPIC2_READDATA, and
QSPIC_DUMMYDATA is very slow, the delay in access to the AHB is very high. In this case, set the
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QSPIC_HRDY_MD register equal to 1. With this feature, the hready signal of the SB slave interface
is always equal to 1, when accessing the WriteData, ReadData, and DummyData registers. All
masters can access the AHB bus without waiting for transmission completion on SPI Bus. A read of
the QSPIC_BUSY register must be done to check the end of the activity at the SPI bus before any
more access is triggered. In this case, register QSPIC_RECVDATA contains the received data at the
end of read access.

20.3.2.3 Clock Selection

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

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

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

The QSPI_CLK frequency has a programmable divider CLK_AMBA_REG[QSPIC_DIV/QSPIC2_DIV]
which divides the SYS_CLK by 1,2,4,8.

20.3.2.4 Received Data

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

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

20.3.2.5 Delay Line Configuration

When VDD = 0.9 V (POWER_LVL _REG[V12 LEVEL] = 0x1) and QSPI_CLK = 32 MHz, the
QSPIC_CTRLMODE_REG[QSPIC_PCLK_MD] bit field should be equal to 2. On the contrary, if VDD
= 1.2 V then QSPIC_CTRLMODE_REG[QSPIC_PCLK_MD] bit field should be equal to 7.
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21 eMMC Host Controller

Device DA14701 DA14705 DA14706 DA14708

Feature Availability 4 x X 4

21.1 Introduction
The eMMC host controller is used to transfer data from/to an external eMMC storage.
Features
e Support for eMMC 4.41
o Upto SDR-52 mode
o Maximum clock speed of 48 MHz
o Support for SDMA and ADMA2 modes
o No CQE support
e Max supported block-size of 2048 bytes
8-bit interface support

21.2 Architecture

The eMMC Host controller block diagram is shown in Figure 49.

Host eMMCline |  emmc
Controller «—» drivers __interface
Registers
FIFO |
Controller |
A
N
Master DMA
AHB <« » )
Interface Engine
Single Port
eMMC RAM
Host Controller

Figure 49: eMMC Host Controller Block Diagram

The controller supports up to 48 MHz clock, which is determined by the system clock and the divider
CLK_PDCTRL_REG[EMMC_CLK_DIV]. Valid clock divider values are 1, 2, 4, 8, and 16. For the
case that the system is running with RC96M as system clock, the valid clock divider values are 2, 4,
8, and 16 that give 48 MHz, 24 MHz, 12 MHz, and 6 MHz, respectively. If the PLL160MHz is used as
system clock, then the valid clock divider values are 4, 8, and 16 that give 40 MHz, 20 MHz, and

10 MHz, respectively.

The eMMC Host controller contains the following subblocks:
e Slave bus interface module

The AHB Slave bus interface module implements the logic to primarily access the controller
registers by using the AHB-DMA bus. This module supports only the little-endian scheme for
register accesses.
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e Master bus interface module

The Master bus interface module implements the logic to transfer data on the AHB-DMA bus.
Through this interface the controller can transfer data from/to internal sysRAM or other slave
device in the AHB-DMA bus.

e DMA engine module

The DMA engine module handles the data transfers between the eMMC host controller and the
system memory or any other external memory available to the system. It implements the SDMA
and ADMA2 modes of operation of the controller.

e Host Controller Registers module

The host controller registers module comprises of the standard eMMC host controller registers as
specified by the eMMC protocol.

e Interrupt Controller module
The Interrupt controller module is responsible for the IRQ generation of the host controller.

e FIFO controller module
The FIFO controller module interfaces the host controller with the internal packet buffer memory.

e eMMC Line drivers module
The eMMC line drivers module manages the eMMC interface pins based on the eMMC protocol.

21.2.1 eMMC Bus Protocol

An eMMC bus data transfer contains a command, response, and data block tokens. Each data
transfer is considered as a bus operation that always contains a command and a response token.
Additionally, certain bus operations also contain a data token. Similar to the SD bus protocol,
command and data bit streams are bound by a start bit and a stop bit. Data transfer occurs in the
form of blocks that are followed by CRC bits and data is transferred in single or multiple blocks. While
a single/multiple read block is terminated by a stop command on the CMD line, a single/multiple write
block is terminated by a busy signal on the data (DATO) line.

The block read and write operations are shown in Figure 50 and Figure 51.

from from data from card stop comumand
host T o oad V< 10 host stops datn wanafer
1o card < y %0 host /
. r 5 I‘
CMD  “"7 command - { response |~ C i """""""""""""" command - response
DATO-7--A------emnn- -- 1 data block ¢ '» - -1 data block crc!- - data block crc’ ------ s
block read operation Jlala stop operation
Lt R » .| TEeereRe e
e multiple block read operation >

Figure 50: eMMC Block Read Operation
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Y . Yy __: _ 1
DATD: - Jovanniacses canitiaa'sa data block Cl‘t'» . ‘bus_\' -+ 4 data block crc] < busy } b -
DAT1 7-------eemmmm e data block |cre- - { xxxx | - 4 data block |cre; 4 xxxx ‘ -----
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e » R et e
multiple block write operation
.‘ ......................... . - ’

Figure 51: eMMC Block Write Operation

21.3 Programming

There is a sequence of steps that needs to be followed to configure and use the eMMC Host
controller.

21.3.1 Write and Read of 512 Bytes (Single Block)

1.
2.

Configure all the eMMC GPIOs to pull-up mode by setting the Px_yz_ MODE_REG[PUPD]=1
Enable PD_CTRL domain (PMU_CTRL_REG[CTRL_SLEEP]=0) and wait for the domain to be
up (SYS_STAT_REG|CTRL_IS_UP]=1)

Enable the eMMC host controller block (CLK_PDCTRL_REG[EMMC_ENABLE]=1) and select
clock divider of the block based on the required speed (CLK_PDCTRL_REG[EMMC_CLK_DIV]).

Configure the Tx/Rx clock inversion for proper data sampling
(CLK_PDCTRL_REG[EMMC_INV_TX_CLK] = 1 and
CLK_PDCTRL_REG[EMMC_INV_RX_CLK] = 1).

Configure the eMMC host controller:

a. Reset the controller by toggling the EMMC_EMMC_CTRL_R_REG[EMMC_RST_N]
b. Select eMMC card (EMMC_EMMC_CTRL_R_REG[CARD_IS_EMMC]=1)

c. Enable the card power and select the proper voltage level
(EMMC_PWR_CTRL_R_REG[SD_BUS PWR_VDD1]=0x1 and
EMMC_PWR_CTRL_R_REG[SD_BUS_ VOL_VDD1))

d. Configure the clock for the eMMC Host controller:

i. EMMC_CLK_CTRL_R_REG[CLK_GEN_SELECT]=0

ii. EMMC_CLK_CTRL_R_REG[FREQ_SEL] =0

ii. EMMC_CLK_CTRL_R_REG[PLL_ENABLE] =1

iv. EMMC_CLK_CTRL_R_REG[SD_CLK_EN]=1

v. EMMC_CLK_CTRL_R_REG[INTERNAL_CLK_ EN]=1
Send CMDO to the eMMC card (go idle state)
EMMC_NORMAL_INT_STAT_EN_R_REG[CMD_COMPLETE_STAT_EN]=1
EMMC_XFER_MODE_R_REG[RESP_INT_DISABLE] =0
EMMC_CMD_R_REG = 0x0CO0
EMMC_ARGUMENT_R_REG[ARGUMENT] = 0x0
EMMC_ERROR_INT_STAT _EN_R_REG[CMD_CRC_ERR_STAT EN] =0
EMMC_FORCE_ERROR_INT_STAT_R_REG[FORCE_CMD_CRC_ERR] =0

Do NOT wait until EMMC_NORMAL_INT_STAT_R_REG[CMD_COMPLETE] = 1, return
immediately

@ "0 o0 o
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7. Send CMD1 to the eMMC card (get operating conditions register contents):
EMMC_NORMAL_INT_STAT_EN_R_REG[CMD_COMPLETE_STAT_EN] =
EMMC_XFER_MODE_R_REG[RESP_INT_DISABLE] =
EMMC_CMD_R_REG = 0x102
EMMC_ARGUMENT_R_REG[ARGUMENT] = 0x0
EMMC_ERROR_INT_STAT_EN_R_REG[CMD_CRC_ERR_STAT_EN] =
EMMC_FORCE_ERROR_INT_STAT _R_REG[FORCE_CMD_CRC ERR] =
Wait until EMMC_NORMAL_INT_STAT_R_REG[CMD_COMPLETE] =
8. Send CMD2 to the eMMC card (CID number):
EMMC_NORMAL_INT_STAT_EN_R_REG[CMD_COMPLETE_STAT_EN] =
EMMC_XFER_MODE_R_REG[RESP_INT_DISABLE] =
EMMC_CMD_R_REG = 0x209
EMMC_ARGUMENT_R_REG[ARGUMENT] = 0x0
EMMC_ERROR_INT_STAT _EN_R_REG[CMD_CRC_ERR_STAT_EN] =
EMMC_FORCE_AUTO_CMD_STAT_R_REG[FORCE_AUTO_CMD CRC_ERR]:
Wait until EMMC_NORMAL_INT_STAT_R_REG[CMD_COMPLETE] =
9. Send CMD3 (assign relative address to the eMMC card):
EMMC_NORMAL_INT_STAT_EN_R_REG[CMD_COMPLETE_STAT_EN] =
EMMC_XFER_MODE_R_REG[RESP_INT_DISABLE] =
EMMC_CMD_R_REG = 0x31A
EMMC_ARGUMENT_R_REG[ARGUMENT] = 0x00010000
EMMC_ERROR_INT_STAT _EN_R_REG[CMD_CRC_ERR_STAT_EN] =
EMMC_FORCE_AUTO_CMD_STAT_R_REG[FORCE_AUTO_CMD CRC_ERR] =
Wait untiil EMMC_NORMAL_INT_STAT_R_REG[CMD_COMPLETE] =
10. Send CMD13 to assert/verify that the card state is in STANDBY
EMMC_NORMAL_INT_STAT EN_R_REG[CMD_COMPLETE_STAT_EN] =
EMMC_XFER_MODE_R_REG[RESP_INT_DISABLE] =
EMMC_CMD_R_REG = 0xD1A
EMMC_ARGUMENT_R_REG[ARGUMENT] = 0x00010000
EMMC_ERROR_INT_STAT_EN_R_REG[CMD_CRC_ERR_STAT_EN] =
EMMC_FORCE_AUTO_CMD_STAT_R_REG[FORCE_AUTO_CMD_CRC_ERR] =
Wait until EMMC_NORMAL_INT_STAT_R_REG[CMD_COMPLETE] =
END_CSD (CMD9)
EMMC_NORMAL_INT_STAT EN_R_REG[CMD_COMPLETE_STAT_EN] =
EMMC_XFER_MODE_R_REG[RESP_INT_DISABLE] =
EMMC_CMD_R_REG = 0x909
EMMC_ARGUMENT_R_REG[ARGUMENT] = 0x00010000
EMMC_ERROR_INT_STAT_EN_R_REG[CMD_CRC_ERR_STAT EN] =
EMMC_FORCE_AUTO_CMD_STAT_R_REG[FORCE_AUTO_CMD CRC_ERR] =
Wait until EMMC_NORMAL_INT_STAT_R_REG[CMD_COMPLETE] =
12. Send CMD7 (eMMC card state from Standby to Transfer state):
EMMC_NORMAL_INT_STAT_EN_R_REG[CMD_COMPLETE_STAT_EN] =
EMMC_XFER_MODE_R_REG[RESP_INT_DISABLE] =
EMMC_CMD_R_REG = 0x712
EMMC_ARGUMENT_R_REG[ARGUMENT] = 0x00010000
EMMC_ERROR_INT_STAT_EN_R_REG[CMD_CRC_ERR_STAT EN] =
EMMC_FORCE_AUTO_CMD_STAT_R_REG[FORCE_AUTO_CMD_CRC_ERR] =
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g. Wait until EMMC_NORMAL_INT_STAT_R_REG[CMD_COMPLETE] =
13. Send CMD6 to set the bus width to 1-bit:

a. EMMC_NORMAL_INT_STAT_EN_R_REG[CMD_COMPLETE_STAT_EN] =
EMMC_XFER_MODE_R_REG[RESP_INT_DISABLE] =
EMMC_CMD_R_REG = 0x61A
EMMC_ARGUMENT_R_REG[ARGUMENT] = 0x03B70000
EMMC_ERROR_INT_STAT_EN_R _REG[CMD_CRC_ERR_STAT EN] =
EMMC_FORCE_AUTO_CMD_STAT_R_REG[FORCE_AUTO_CMD CRC_ERR] =
Wait until EMMC_NORMAL_INT_STAT_R_REG[CMD_COMPLETE] =
14. Send CMD6 to set speed mode (HS-SDR)
EMMC_NORMAL_INT_STAT_EN_R_REG[CMD_COMPLETE_STAT_EN] =
EMMC_XFER_MODE_R_REG[RESP_INT_DISABLE] =
EMMC_CMD_R_REG = 0x61A
EMMC_ARGUMENT_R_REG[ARGUMENT] = 0x03B90100
EMMC_ERROR_INT_STAT_EN_R_REG[CMD_CRC_ERR_STAT_EN] =
EMMC_FORCE_AUTO_CMD_STAT_R_REG[FORCE_AUTO_CMD CRC_ERR] =
Wait untiil EMMC_NORMAL_INT_STAT_R_REG[CMD_COMPLETE] =
15. Send CMD13 (read status register from eMMC card to verify card is in TRANSFER state)
EMMC_NORMAL_INT_STAT EN_R_REG[CMD_COMPLETE_STAT_EN] =
EMMC_XFER_MODE_R_REG[RESP_INT_DISABLE] =
EMMC_CMD_R_REG = 0xD1A
EMMC_ARGUMENT_R_REG[ARGUMENT] = 0x00010000
Wait until EMMC_NORMAL_INT_STAT_R_REG[CMD_COMPLETE] =
16. Send SEND_EXT_CSD (CMD8): read EXT_CSD 512B, h|gh speed, bIocklng
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a. EMMC_HOST_CTRL1_R_REG[HIGH_SPEED_EN] =

b. EMMC_HOST_CTRL1_R_REG[EXT_DAT_XFER] =

c. EMMC_XFER_MODE_R_REG[DATA_XFER_DIR] =

d. EMMC_BLOCKSIZE_R_REG[XFER_BLOCK_SIZE] = 0x200

e. EMMC_NORMAL_INT_STAT_EN_R_REG[BUF_WR__READY_STAT_EN] =
f. EMMC_NORMAL_INT_STAT_EN_R_REG[BUF_RD_READY_STAT_EN] =1
g. EMMC_NORMAL_INT_STAT_EN_R_REG[XFER_COMPLETE_STAT_EN] =
h. EMMC_NORMAL_INT_SIGNAL_EN_R_REG[XFER_COMPLETE_SIGNAL_EN] =
i. EMMC_ERROR_INT_STAT_EN_R_REG[CMD_CRC_ERR_STAT_EN] =

j. EMMC_FORCE_AUTO_CMD_STAT_R_REG[FORCE_AUTO_CMD_CRC_ERR] =
k. EMMC_ARGUMENT_R_REG[ARGUMENT] = 0x00010000

. EMMC_XFER_MODE_R_REG[RESP_ERR_CHK_ENABLE] =

m. EMMC_XFER_MODE_R_REG[RESP_INT_DISABLE] =

n. EMMC_XFER_MODE_R_REG[RESP_TYPE] =

0. EMMC_NORMAL_INT_STAT_EN_R_REG[CMD_COMPLETE_STAT_EN] =
p. EMMC_XFER_MODE_R_REG[RESP_INT_DISABLE] =

g. EMMC_CMD_R_REG = 0x83A

r.  Wait until EMMC_NORMAL_INT_STAT_R_REG[BUF_RD_READY] =

s.  Wait until EMMC_NORMAL_INT_STAT_R_REG[CMD_COMPLETE] =

t.  Wait until EMMC_PSTATE_REG[BUF_RD_ENABLE] =

u. Read data by reading EMMC_BUF_DATA_R_REG[BUF_DATA] register

v. Wait until EMMC_NORMAL_INT_STAT_R_REG[XFER_COMPLETE] =
17. Send CMD24 to write single block (write 512 bytes at default speed):
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EMMC_HOST_CTRL1_R_REG[HIGH_SPEED_EN] =
EMMC_HOST_CTRL1_R_REG[EXT_DAT_XFER] =
EMMC_XFER_MODE_R_REG[DATA_XFER_DIR] =

EMMC_BLOCKSIZE_R_REG[XFER_BLOCK_SIZE] = 0x200 (dependent on the eMMC
memory used)

EMMC_NORMAL_INT_STAT_EN_R_REG[BUF_WR__READY_STAT EN] =
EMMC_NORMAL_INT_STAT_EN_R_REG[BUF_RD_READY_STAT_EN] =
EMMC_NORMAL_INT_STAT_EN_R_REG[XFER_COMPLETE_STAT_EN] =
EMMC_NORMAL_INT_SIGNAL_EN_R_REG[XFER_COMPLETE_SIGNAL_EN] =
EMMC_ERROR_INT_STAT_EN_R_REG[CMD_CRC_ERR_STAT_EN] =
EMMC_FORCE_AUTO_CMD_STAT_R_REG[FORCE_AUTO_CMD_CRC_ERR] =
EMMC_ARGUMENT_R_REG[ARGUMENT] = 0x0
EMMC_XFER_MODE_R_REG[RESP_ERR_CHK_ENABLE] =

. EMMC_XFER_MODE_R_REG[RESP_INT_DISABLE] =

EMMC_XFER_MODE_R_REG[RESP_TYPE] =
EMMC_NORMAL_INT_STAT_EN_R_REG[CMD_COMPLETE_STAT_EN] =
EMMC_XFER_MODE_R_REG[RESP_INT_DISABLE] =
EMMC_CMD_R_REG = 0x183A

Wait until EMMC_NORMAL_INT_STAT_R_REG[BUF_WR_READY] =

Wait until EMMC_NORMAL_INT_STAT_R_REG[CMD_COMPLETE] =

Wait until EMMC_PSTATE_REG[BUF_WR_ENABLE] =

Send data by writing to EMMC_BUF_DATA_R_REG[BUF_DATA] register
Wait until EMMC_NORMAL_INT_STAT_R_REG[XFER_COMPLETE] =

18. Send CMD 17 (Read a single block of 512 Bytes):

a.

EMMC_HOST_CTRL1_R_REG[HIGH_SPEED_EN] =

b. EMMC_HOST_CTRL1_R_REG[EXT_DAT_XFER] =
c. EMMC_XFER_MODE_R_REG[DATA_XFER_DIR] =
d. EMMC_BLOCKSIZE_R_REG[XFER_BLOCK_SIZE] = 0x200 (dependent on the eMMC
memory used)
e. EMMC_XFER_MODE_R_REG[BLOCK_COUNT_ENABLE] =
f. EMMC_NORMAL_INT_STAT EN_R_REG[BUF_RD_READY_STAT EN]=
g. EMMC_NORMAL_INT_SIGNAL_EN_R_REG[BUF_RD_READY_SIGNAL_EN] =
h. EMMC_NORMAL_INT_STAT_EN_R_REG[XFER_COMPLETE_STAT_EN]=1
i. EMMC_NORMAL_INT_SIGNAL EN_R_REG[XFER_COMPLETE_SIGNAL_EN] =
j. EMMC_ERROR_INT_STAT_EN_R_REG[CMD_CRC_ERR_STAT_EN] =
k. EMMC_FORCE_AUTO_CMD_STAT_R_REG[FORCE_AUTO_CMD_CRC_ERR] =
. EMMC_ARGUMENT_R_REG[ARGUMENT] = 0x0
m. EMMC_XFER_MODE_R_REG[RESP_ERR_CHK_ENABLE] =
n. EMMC_XFER_MODE_R_REG[RESP_INT_DISABLE] =
0. EMMC_XFER_MODE_R_REG[RESP_TYPE] =
p. EMMC_NORMAL_INT_STAT EN_R_REG[CMD_COMPLETE_STAT EN] =
g. EMMC_XFER_MODE_R_REG[RESP_INT_DISABLE] =
r. EMMC_CMD_R_REG = 0x113A
s.  Wait until EMMC_NORMAL_INT_STAT_R_REG[CMD_COMPLETE] =
t.  Wait until EMMC_PSTATE_REG[BUF_RD_ENABLE] =
u. Wait until EMMC_NORMAL_INT_STAT _R_REG[BUF_RD_READY] =
v. Read data from EMMC_BUF_DATA_R_REG[BUF_DATA] register.
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22 Display Controller

Device: DA14701 DA14705 DA14706 DA14708

Feature Availability v v v v

22.1 Introduction

The DA1470x is equipped with a Display Controller, capable to support Parallel DPI/DBI Type B/JDI,
Serial (SP13/4 and Dual/Quad SPI) interfaces. The controller can support E-ink and OLED displays.

A global register file controls the parameters of the controller. After applying the timing parameters,
data are fetched by a dedicated DMA engine. Depending on the target screen, the output can be
formatted to different types as described in the following sections.

Features

m  Up to two layers support with blending capabilities

o Alpha blending

Global Gamma Correction (LUT-based) support
Dithering and Gamma Correction support

AHB 32-bit Master interface with internal DMA engine
Input color formats:

o0 RGBA-8888, ARGB-8888, ABGR-8888, BGRA-8888, RGB-888, RGBA-5551, RGB-565, and
RGB-332

m  Output interfaces:

DPI-2 interface

DBI-B interface

JDI parallel interfaces

3/4-wire SPI serial interface

Oo 0o o o o

Dual and Quad SPI serial interface
m  Output color formats:
O 3/4w SPIl: RGB-111, RGB-332, RGB-444, RGB-565, RGB-666, RGB-888
0 Dual/Quad SPI: RGB-444, RGB-565, RGB-666, RGB-888
o DPI-2 6-bit: RGB-222
o DBI-B 8-bit: RGB-332, RGB-444, RGB-565, RGB-666, RGB-888

22.2 Architecture

Figure 52 shows the integration of the display controller. In the following sections, the parallel and
serial display interfaces are addressed.

Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 208 of 1019 © 2022 Renesas Electronics



DA1470x

LENESAS

Multi-Core Wireless SoC Family with PMU and GPU

AHB

AHB DMA

AHB
Slave

Display
Controller
registers

AHB

DMA

Display
Controller

Final

Display parallel: DPI-2 / DBIB / JDI

(DPI-2/DBIB/JDI, 3/aw i

3/4w SPI,
Dual/Quad SPI)

CLK DIV

Dual/Quad SPI

Figure 52: Display Controller Block Diagram

22.2.1 Parallel Display Interfaces

22.2.1.1 HSYNC/VSYNC Parallel Interface (DPI-2)

The signal HSYNC is asserted on every scanline and the signal VSYNC is asserted on every frame.
The polarity of the output Clock signal can be defined as positive or negative and the length of each
pulse is programmable. Typical waveforms of operation are depicted in Figure 53 and Figure 54.

VSYNC \ /
/ / / / /

HSYNC
Data Enable

(W

/A S W e A U S A

Figure 53: HSYNC/VSYNC Typical Waveform
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Figure 54: HSYNC/VSYNC Color Bits Waveform
The available signals of the interface are shown in Table 120.
Table 120: HSYNC/VSYNC Parallel I/F Pinout
Pin Name Type Description Source
DPI_CLK Qutput | Display Clock Display Controller
DPI_DE Qutput | Indicate valid data on the display data bus Display Controller
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Pin Name Type Description Source
DPI_HSYNC Output | Reset the display column pointer to the edge of the Display Controller
display
DPI_VSYNC Output | Reset the display row pointer to the top of the display | Display Controller
DPI_SD Output | Control pin to shutdown display Display Controller
DPI_CM Output | Control pin for switching between normal color and Display Controller
reduced color mode

DPI_REDO (DATAJ[0]) Output | Red image data Display Controller
DPI_RED1 (DATA[1]) Output | Red image data Display Controller
DPI_GREENO (DATA[2]) | Output | Green image data Display Controller
DPI_GREENL1 (DATA[3]) | Output | Green image data Display Controller
DPI_BLUEO (DATA[4]) Output | Blue image data Display Controller
DPI_BLUE1 (DATA[5]) Output | Blue image data Display Controller
Backlight Output | LED driver signals GPIO

22.2.1.2 JDI Parallel Interface

The available signals of the interface are shown in Table 121.

Table 121: JDI Parallel I/F Pinout
Pin Name Type Description Source
HST Output | Start signal for the horizontal driver Display Controller
HCK Output | Shift clock for the horizontal driver Display Controller
ENB Output | Write enable signal for the pixel memory Display Controller
VST Output | Start signal for the vertical driver Display Controller
XRST Output | Reset signal for the horizontal and vertical driver Display Controller
VCK Output | Shift clock for the vertical driver Display Controller
REDO Output | Red image data Display Controller
RED1 Output | Red image data Display Controller
GREENO Output | Green image data Display Controller
GREEN1 Output | Green image data Display Controller
BLUEO Output | Blue image data Display Controller
BLUE1 Output | Blue image data Display Controller
VCOM (Note 1) | Output | Common electrode driving signal (60 Hz) GPIO
FRP (Note 1) Output | Liquid crystal driving signal (60 Hz) GPIO
XFRP Output | Liquid crystal driving signal (60 Hz inverted) GPIO
Backlight Output | LED driver signals GPIO

Note 1  The signal can be available during sleep mode.

22.2.1.3 DBI Type-B interface

The available signals of the interface are shown in Table 122.
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Pin Name Type Description Source
DBIB_CSX Output | Display module is selected when low Display Controller
DBIB_RESX Output | Display module reset signal (active low) Display Controller
DBIB_D/CX Output | Data/Command indication signal. Data transfers when high, Display Controller
command transfers when low
DBIB_WRX Output | Write indication signal. The host writes data at a rising edge Display Controller
DBIB_RDX Output | Read indication signal. The host reads data at rising edge Display Controller
DBIB_STALL Input Display module can receive data when high Display Controller
DBIB_DBO Output | Information signal bit 0 Display Controller
DBIB_DB1 Output | Information signal bit 1 Display Controller
DBIB_DB2 Output | Information signal bit 2 Display Controller
DBIB_DB3 Output | Information signal bit 3 Display Controller
DBIB_DB4 Output | Information signal bit 4 Display Controller
DBIB_DB5 Output | Information signal bit 5 Display Controller
DBIB_DB6 Output | Information signal bit 6 Display Controller
DBIB_DB7 Output | Information signal bit 7 Display Controller
DBIB_TE Input Tearing Effect Display Controller
Backlight Output | LED driver signal GPIO
22.2.2 Serial Display Interfaces

22.2.2.1 SPI3/4 Serial Interface

The Display controller supports the SPI serial interface with three or four distinct signals. The three-
line serial interface uses the CS (chip enable) signal, the SCLK (serial clock) signal, and the SD
(MOSI, serial data output) signal. The four-line serial interface use one additional signal, the DC
(data/command select). The SD signal is regarded as a command when DC is low and as data when
DC is high. The serial clock (SCLK) can be stopped when no communication is necessary.

During the write mode, the Display controller sends the write commands and data to the display. In
the four-line serial mode, the data packet (SD) contains only the transmission byte (8 bits) and the
control bit is transferred by the DC signal. In the 3-lines serial mode, the data packet (SD) contains a
control bit and a transmission byte (9 bits). The MSB is transmitted first in both cases.

The CS signal is configurable. It can be set high or low to indicate the start of the data transmission.
Data can be sampled either by the falling or the rising edge of the SCLK depending on the
configuration. The clock polarity is also configurable (the clock starts at a high or low edge).

If the CS signal remains active (high or low, depending on the configuration) after the last bit of the
transmitted data packet, the Display controller will transmit the MSB of the next byte at the next
rising/falling edge of SCLK.

Finally, the SD signal is multiplexed with the Sl signal (serial input — MISO) in the same pad, in cases
that the DA1470x needs to read data from the display.

22.2.2.2 Dual/Quad SPI Interface

The DualSPI serial interface uses CS (chip enable), SCLK (serial clock), and SD, SD1 (serial data
outputs). The command word always is transmitted through the SD line and the data are routed
through the SD and SD1 lines. The command word consists of 9-bits, 1-bit data/command indicator,
and 8-bits command word. The data word consists of 1-bit data/command indicator and n-bits,
according to the chosen format.
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The QuadSPI serial interface uses CS (chip enable), SCLK (serial clock) and SD, SD1, SD2, SD3
(serial data outputs). The header and the command type are always transmitted through the SD line
and the data are routed through the SD, SD1, SD2, and SD3 lines. The header consists of 8-bits.
The command word consists of 24-bits and the data word consists of n-bits, according to the chosen

format.

The available signals of the SP13/4, DualSPI, and QuadSPI interfaces are shown in Table 123.

Table 123: SPI3/4 — DualSPI — QuadSPI Serial I/F Pinout

Pin Name Type Description Source
LCD_SPI_SCLK Output Serial clock signal Display Controller
LCD_SPI_SD/sI Output/Input Serial data (write/read) Display Controller
LCD_SPI_SD1/DC Output Serial data Display Controller
Data/Command select (when SP14)
LCD_SPI_SD2 Output Serial data Display Controller
LCD_SPI_SD3 Output Serial data or Data/Command select (when Display Controller
SPI4)
LCD_CS Output Chip select Display Controller
EXTCOMIN (Note 1) | Output COM Inversion Signal Input (1 Hz) GPIO
RST Output Reset display GPIO
DISP Output Display ON/OFF Control GPIO
LCD_TE Input Display Tearing effect signal GPIO
Backlight Output LED driver signals GPIO
Note 1  The signal can be available during sleep mode.
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22.2.3 Color Input Formats

The following input color formats are supported by the controller:
Table 124: 8-bit RGB332
| B1 | B |
Table 125: 16-bit RGB565
IR cs I Gal GGGl o | o3 [ 52 |61 |60
Table 126: 16-bit RGBA5551

I Ca GG Gulea) ¢ 53 [52 (51 0] 20]

Table 127: 24-bit RGB888

Gl c/ ) ol s Ca s IEaGaIea] 57 | os |65 | os [ 53 |52 61 0]
Table 128: 32-bit RGBA8888

Gl cA e CSCAleaeANGHe] 7 [ o6 | o5 |54 [ 53 [ 52 |51 80| A7 [ A6 [ 5 [A4 |3 [ A2 [ A1 0]
Table 129: 32-bit ARGB8888

w0 ns 5| nalns a2 a0 |ENIRGINGHIRNIRENENIRENIRGN 7 ] G665 64 63 |62 ] 61 60| 87 o6 | 5 | 84 ] o3 [ 82 [ 5180
Table 130: 32-bit ABGR8888

(a7 Tme 5 [ a4 [ 7 [ A2 [ A 0 [57 [ o6 [ o5 [ 4 [ 55 [ 22 [ o1 [ o [cmicacs I cac e cn e I )
Table 131: 32-bit BGRA8888

o7 [36 ] 85 04 ] 53 |2 [ 1 | o0 TGOS IICACECEICHIICO G SN NEMaY ~ | 7 | ~5 | 7+ 23 | a2 51 A0
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22.2.4 Color Output Formats

22.2.4.1 DPI-2 Output Format
The supported DPI-2 output data format is depicted below.

Table 132: DPI-2 6-bit RGB-222

DBIB_DB

DPI_DATA[1:0]
DPI_DATA[3:2]
DPI_DATA[5:4]

22.2.4.2 DBI Type B Output Formats
The supported DBI Type B output data formats are depicted below.

Table 133: DBI-B 8-bit RGB-332

DBIB_DB

DBIB_DB[7:5]
DBIB_DB[4:2]
DBIB_DB[1:0]

Table 134: DBI-B 8-bit RGB-444

DBIB_DB
DBIB_DB[7:4]
DBIB_DB[3:0]

Table 135: DBI-B 8-bit RGB-565

DBIB_DB
DBIB_DB[7:5]
DBIB_DB[4:2]
DBIB_DB[1:0]

Table 136: DBI-B 8-bit RGB-666

DBIB_DB
DBIB_DB([7:2]
DBIB_DB[1:0]

Table 137: DBI-B 8-bit RGB-888

DBIB_DB
DBIB_DB[7:0]
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22.2.4.3 SPI3/4 Output Formats

The supported SPI output data formats are depicted below.

Table 138: SPI3/4 — RGB-111 (Option 0)

Byte Pixel DCS D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Bytel n pixel (Note 1)

Table 139: SPI3/4 — RGB-111 (Option 1)

Byte Pixel DCS D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Bytel n pixel (Note 1)

Table 140: SPI3/4 — RGB-111 (Option 2)

Byte Pixel DCS D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Bytel n pixel (Note 1)

Table 141: SPI3/4 — RGB-111 (Option 3 — B&W)

Byte Pixel DCS D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Bytel n pixel (Note 1) BW | BW | BW | BW | BW | BW | BW | BW

Table 142: SPI3/4 — RGB-111 (Option 4)

Byte Pixel DCS D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Bytel n pixel (Note 1)

Table 143: SPI3/4 — RGB-332

Byte Pixel DCS D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Bytel n pixel (Note 1)

Table 144: SPI13/4 — RGB-444

Byte Pixel DCS

byteO n pixel (Note 1)
bytel n/n+1 pixel | (Note 1)
byte2 n+1 pixel (Note 1)

Table 145: SPI3/4 — RGB-565

Byte Pixel DCS
byteO n pixel (Note 1)
bytel n pixel (Note 1)

Table 146: SPI3/4 — RGB-666

Byte Pixel DCS D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
byte0 n pixel (Note 1)
bytel n pixel (Note 1)
byte2 n pixel (Note 1)
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Table 147: SPI3/4 — RGB-888

Byte Pixel DCS

byteO n pixel (Note 1)

bytel n pixel (Note 1)

byte2 n pixel (Note 1)

Note 1  Available only in SPI3 mode.

22244 Dual SPI Output Formats

The supported

Table 148: Du

Dual SPI output data formats are depicted below.

al SPI — 8 bit RGB-444 (Option 0)

SPI signal

n pixel n/n+1 pixel n+1 pixel

SPI_SD

SPI_SD1/DC

Table 149: Du

al SPI — 8 bit RGB-444 (Option 1)

SPI signal

n pixel n+1 pixel

SPI_SD

SPI_SD1/DC

Table 150: Du

al SPI - 8 bit RGB-565

SPI signal

n pixel n+1 pixel

SPI_SD

SPI_SD1/DC

Table 151: Du

al SPI - 8 bit RGB-666 (Option 0)

SPI signal

n pixel n/n+1 pixel

SPI_SD

SPI_SD1/DC

Table 152: Du

al SPI — 8 bit RGB-666 (Option 1)

SPI
signal

SPI_SD
SPI_SD1/
DC

Table 153: Du

n pixel n+1 pixel

al SPI — 8 bit RGB-888 (Option 0)

SPI signal

n pixel n/n+1 pixel

SPI_SD

SPI_SD1/DC
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Table 154: Dual SPI - 8 bit RGB-888 (Option 1)

SPI signal n pixel
SPI_SD
SP1_SD1/DC

22.2.45 Quad SPI Output Formats

The supported Quad SPI output data formats are depicted below.

Table 155: Quad SPI — RGB-444

SPI signal n pixel n+1 pixel
SPI_SD
SPI_SD1/DC
SPI_SD2
SPI_SD3

Table 156: Quad SPI — RGB-565

SPI signal n pixel n+1 pixel

SPI_SD1/DC
SPI_SD2
SPI_SD3

Table 157: Quad SPI - RGB-666

n pixel n+1 pixel

SPI signal
SPI_SD
SPI_SD1/DC
SPI_SD2
SPI_SD3

Table 158: Quad SPI — RGB-888

SPI signal n pixel n+1 pixel

SPI_SD1/DC
SPI_SD2
SPI_SD3

22.3 Programming
Refer to the SDK for the full-featured Display Controller Software Library.
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23 GPU
Device DA14701 DA14705 DA14706 DA14708
Feature Availability v v v v

23.1 Introduction

The 2D GPU is a powerful hardware rendering engine that operates at the same clock speed as the
CPU and the system bus. This block has its own power domain namely the PD_GPU. It has one
APB-32 slave interface, connected to the APB32-fast bus, for configuration and status registers, and
one AHB-32 Master interface, connected to the AHB DMA bus, for memory accesses. The GPU can
use the internal RAM and/or the external PSRAM through the QSPI Flash/PSRAM controllers
(QSPIC/QSPIC?2) with the use of the data cache (only for the QSPIC2 controller).

The GPU operates in two modes, namely the register based and the display list-based mode. In the
register-based mode, the CPU (Cortex M33) is responsible for setting all required registers to initiate
a GPU operation. After the GPU is ready, the next render process can start. In the display list-based
case, the CPU creates a display list in shared memory. Such a list contains a bundle of render
operations which is then executed by the GPU without locking the CPU.

Features
m  Support for all graphic primitives (BLIT, Box, Circle, Polygon, Line, Quad, Triangle, Wedge)

m  Support several attributes for graphic primitives (Anti-Aliasing, Blend Modes, Color, Edge Blur,
Linear Alpha gradient, Pattern, Texture)

m Color formats:

o Input: ARGB-8888, RGB-565, ARGB-4444, ARGB-1555, ALPHAS, Al44, RGBA-8888,
RGBA-4444, RGBA-5551, 18, 14, 12, 11, ALPHA4, ALPHA2, ALPHA1

o Output: ARGB-8888, RGB-565, ARGB-4444, ALPHAS, RGBA-8888, RGBA-4444

Display List | Burst Read

Reader

IRQ ) ABP Slave|

IRQ Control Config <::>
Controller Config, interface

status

A

Pixel Selection

FIFO

Texture Unit

Burst read
Texture |

Cache |

AHB
Master

Color Unit

FIFO

Frame Buffer

Burst
Read read /write
< >
< »

AHB mutliplexer

FB
cache —

Blend

Frame Buffer

GPU 2D Write

Figure 55: GPU 2D Block Diagram
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DA1470x

23.2 Architecture

23.2.1 Configuration Interface

The configuration interface is used for configuring the 2D GPU and report the current status of the
engine. It is also responsible for generating an interrupt request towards the CPU for synchronizing
operations. A common interrupt clear mechanism is provided for the CPU acknowledgment.

23.2.2 Display List Interface

The Display list interface reads a memory block containing instructions regarding the operation of the
2D GPU control registers and perform those register updates automatically. This memory block
contains a display list and allows for a fully asynchronous operation of the 2D GPU and the CPU
providing the best system performance.

23.2.3 Texture Interface

This interface provides the 2D GPU with the needed pixel data for BLIT and texture operations. Pixel
formats widths of 8, 16, and 32 bits are supported.

23.2.4 Framebuffer Interface

This interface allows 2D GPU to read and write to/from the frame buffer. Pixel formats widths of 8,
16, and 32 bits are supported.

23.2.5 2D Render Capabilities

The 2D GPU offers a wide range of basic graphic primitives. These are geometries that the GPU can
render in one pass. One pass supported primitives are:

e BLIT (Direct and Stretch)

Box

Circle (Filled or empty - ring)

Convex Polygon

Line

o Supported Caps: Butt, Round, Square

o Supported line joins: Bevel, Miter, Round
o Supporting different start and end widths
Quad

Triangle

Triangle Fan

Triangle List

Triangle Stripe
Triangle Stripe
Wedge (Filled or empty)

The GPU supports primitive anti-aliasing. In the case of a triangle, the anti-aliasing can be turned on
or off for every single edge. This mechanism is useful to render polygons with correct outline anti-
aliasing.

The GPU also offers a wide range of color calculation operations (Blending). The color calculation is
done in the color and blend units. The following operation can be applied to each color channel (a, r,
g, b) individually.
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Table 159: Color Unit Operations

Operation Operands
Replace C1

Copy X

Invert 1-X

Multiply X*C1

InvMultiply (1-X)*C1

Blend X*C1 + (1-X)*C2

Where C1 and C2 (Colorl and Color2) are user-specified constants, and X is the color channel
value.

As per blending, the following modes are directly supported as the source and destination factors
separately for color and alpha channels: Zero, One, Alpha, One_Minus_Alpha.

Finally, the 2D GPU supports the U/V clamp and U/V repeat. Also, filtering for both clamp and repeat
separately is supported. These options are demonstrated in Table 160.

Table 160: Texture Options Example

X
No filter Filter
Clamp Repeat clamp Repeat

Clamp
I3
o

z Repeat

% Clamp
I3

T Repeat

23.3 Programming
Refer to the SDK for the full-featured GPU Software Library.
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24 DMA Controller
Device DA14701 DA14705 DA14706 DA14708
Feature Availability v v v v
24.1 Introduction

The DMA controller has eight Direct Memory Access (DMA) channels for fast data transfers to and
from SPI, UART, 12C, I3C, SRC/SRC2, PCM, USB, OQSPIC, QSPIC/QSPIC2, GP_ADC, and
SD_ADC to and from any on-chip RAM. The DMA controller off-loads the Arm interrupt rate if an
interrupt is generated after a programmable number of transfers. A number of peripheral requests is
multiplexed on the eight available channels to increase utilization of the DMA. The block diagram of
the DMA controller is depicted in Figure 40.

Features

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

Programmable transfer length

Flexible peripheral request per channel

D

Option to initialize memory
Programmable Edge-Sensitive request support

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

Burst lengths supported are 8-beat (INCR8) and 4-beat (INCR4)
Programmable bus error detection support and IRQ generation upon detection
FREEZE support also in on-going Memory-to-Memory transfers
Support of “secure transfer” mode by a dedicated, conditionally secure DMA channel (DMA7)
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Figure 56: DMA Controller Block Diagram
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24.2 Architecture

24.2.1 DMA Peripherals

The list of peripherals that can request a DMA service is presented in Table 161.

Table 161: DMA Served Peripherals

Block Direction(s) Supported Access Rate
SPI RX & TX Single

SPI2 RX & TX Single

SPI3 RX & TX Single

UART RX & TX Single/Burst

UART2 RX & TX Single/Burst

UART3 RX & TX Single/Burst

12C RX & TX Single/Burst

12C2 RX & TX Single/Burst

12C3 RX & TX Single/Burst

13C RX & TX Single/Burst

SRC Left & Right Single/Burst (Left or Right)
SRC2 Left & Right Single/Burst (Left or Right)
PCM Left & Right Single

GP_ADC Read Single

SD_ADC Read Single

O/QSPI FLASH Read Burst

QSPIC Read & Write Burst

QSPIC2 Read & Write Burst

USB RX & TX Single

RAM Read & Write Burst

The Edge-sensitive requests cannot be used when DMA services the USB Rx path (USB-to-
Memory). The same applies in the case of the SPI_CTRL_REG[SPI_PRIORITY] = 1 (either Rx or Tx
FIFO is enabled). Nevertheless, it is strongly recommended for the case of USB Tx path (Memory-to-
USB) and when serving the UART and 12C peripherals (Memory-to-Peripheral).

24.2.2 Input/Output Multiplexer

The multiplexing of peripheral requests is controlled by DMA_REQ_MUX_REG. So, if
DMA_REQ_MUX_REG[DMAxy_SEL] is set to a certain (non-reserved) value, the RX/TX request
from the corresponding peripheral will be routed to DMA channels x (RX request, even channel) and
y (TX request, odd channel) respectively.

Similarly, an acknowledging de-multiplexing mechanism is applied.

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

24.2.3 DMA Channel Operation

A DMA channel is switched on with bit DMA_ON. This bit is automatically reset if the DMA transfer is
finished. The DMA channels can either be triggered by software, or by a peripheral DMA request. If
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DREQ_MODE is 0, then a DMA channel is immediately triggered. If DREQ_MODE is 1 the DMA
channel can be triggered by a Peripheral request.

If DMA starts, data is transferred from address DMAx_A START_REG to address
DMAXx_B_START_REG for a length of DMAXx_LEN_REG, which can be 8, 16, or 32 bits wide. The
address increment is realized with an internal 16 bits counter DMAX_IDX_REG, which is set to O if
the DMA transfer starts and is compared with the DMA_LEN_REG after each transfer. The register
value is multiplied according to the AINC, BINC, and BW values before it is added to

DMA B START_REG and DMA_B START_REG. AINC or BINC must be O for register access.

31 0
DMAX_A_START_REG |
+ >
>
AINCx AD[31-0]
DMAX_IDX_REG | >
+1 BINCx
+ >
31 0 IRQ_ENABLE
DMAX_B_START_REG |-# l
15 0 -
DMAX_INT REG ¢
DMA_IRQ_CHx
- sToP/
RELOAD
15 0 =
DMAX_ LEN REG |
15 0 -
DMAX CTRL_REG | P > Bus request
4—— Acknowledge
DMA_Request DMA_INT

DACK
Figure 57: DMA Channel Diagram

If at the end of a DMA cycle the DMA start condition is still true, the DMA continues. The DMA stops
when the transfer length is reached and, either DREQ_MODE is low, or DMAX_LEN_REG is equal to
the internal index register. This condition also clears the DMA_ON bit.

If bit CIRCULAR is set to 1, the DMA controller automatically resets the internal index registers and
continues from its starting address without the intervention of the CPU. If the DMA controller is
started with DREQ_MODE = 0, the DMA will always stop, regardless of the state of CIRCULAR.

Each DMA channel can generate an interrupt if DMAx_INT_REG is equal to DMAx_IDX_REG. After
the transfer and before DMAx_IDX_REG is incremented, the interrupt is generated.
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For example: if DMA_x_INT_REG=0 and DMA_x_LEN_REG=0, there will be one transfer and an
interrupt.

It should be noted that there is no hardware protection from erroneous programming of the DMA
registers. However, the software can be notified by an interrupt when a bus error has occurred in
either the read or write cycle of the DMA transfer if DMAX_CTRL_REG[BUS_ERROR_DETECT] is
set.

24.2.4 DMA Arbitration

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

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

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

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

24.2.5 Freezing DMA Channels

Each channel of the DMA controller can be temporarily disabled by writing a 1 to freeze all channels
at SET_FREEZE_REG[FRZ_DMA]. To enable the channels again, a 1 to bits at the
RESET_FREEZE_REG must be written. Note that the ongoing Memory-to-Memory transfers
(DREQ_MODE=0) can also be interrupted (freeze).

24.2.6 Secure DMA Channel

If the security flag is enabled in the OTP header, then DMA channel #7 becomes a secure channel.
This channel is then only used to move keys from the Symmetric Key Area to the AES block for
encryption/decryption or the O/QSPI FLASH (XiP) Controller for on-the-fly decryption without the
CPU being able to intervene.

24.3 Programming

There is a simple sequence of steps that need to be followed to configure the DMA Controller.

24.3.1 Memory to Memory Transfer

19. Set the length of data to be transferred (DMAx_LEN_REG).
20. Set the source address (DMAx_A_START_REG).
21. Set the destination address (DMAx_B_START_REG).
22. Configure the number of transfers until an interrupt is generated (DMAX_INT_REG).
23. Enable the IRQ of the used DMA channel if needed (DMA_INT_MASK_REG).
24. Configure transfer options:
a. DMAx_CTRL_REGJ[AINC]: Automatic increment of source address.
b. DMAx_CTRL_REGI[BINC]: Automatic increment of destination address.
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c. DMAx_CTRL_REG[BW]: Bus transfer width.
d. DMAx_CTRL_REG[BURST_MODE]: Enable DMA read/write bursts if needed.
25. Start the DMA transfer by setting the DMAX_CTRL_REG[DMA_ON] bit.

26. Wait until the transfer is finished (DMAXx_CTRL_REG[DMA_ON] = 0) or the corresponding
interrupt.

27. Clear the IRQ if it was enabled (DMA_INT_STATUS_REG).

24.3.2 Peripheral to Memory Transfer

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

2. Setthe source address (DMAXx_A_ START_REG) equal to the peripheral Rx register (for
example, 12C_DATA_CMD_REG).

Set the destination address (DMAx_B_START_REG).

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

DMAx_CTRL_REGJAINC]: Disable automatic increment of source address.
DMAXx_CTRL_REGIBINC]: Automatic increment of destination address.
DMAx_CTRL_REG[BW]: Bus transfer width.

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

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

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

o gk~ w

-0 Qo0 o
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25 Crypto Engine

Device DA14701 DA14705 DA14706 DA14708

Feature Availability 4 v v v

25.1 Introduction

The Crypto engine aims to accelerate the algorithm calculations that are needed to implement the
RFC4835. It implements AES in ECB, CBC, and CTR modes. It also comprises HASH functions
(SHA-1, SHA224/256/384/512, MD5). It supports AES128, AES192, AES 256 as well as the HMAC-
SHA-256 authentication protocol.

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

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

Features

AES (Advanced Encryption Standard) with 128, 192, or 256 bits key cryptographic algorithm
HASH functions: MD5, SHA-1, SHA224/256/384/512 bits
m  AES modes of operation
o ECB (Electronic Code Book)
o CBC (Cipher Block Chaining)
o CTR (Counter)
AHB Master DMA machine for data manipulation
AHB Slave register file for configuration

Crypto Engine

AHB Master TxFIFO AES

DMA

RxFIFO
Key Expansion

Operation || Ctrl
Modes FSM

(O]
fé Command MD5
AHB Slave @ || Control &
= i Status
E Registers SHA-1/2

Figure 58: Crypto Engine Architecture

25.2 Architecture

The “Operation Modes” block controls the AES by implementing the respective mode that the
selected encryption algorithms will operate each time. Also, this block communicates with DMA via
two FIFO’s (RxFIFO and TxFIFO), which isolate the operation of the Crypto IP from the current
status of the AHB-AMBA bus and also enable parallel transmission of data in bursts. By using burst
transmission, the bus utilization is increased due to reduced bus access requests.
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The “Ctrl FSM” block checks the FIFO’s and DMA status continuously and decides the amount of
data traffic, plus which of the FIFO’s will be used. It also decides the “switching off” of the AES/HASH
after transferring all results to the memory. The “HASH” block contains all the logic required for the
realization of the hash algorithms calculations, as well as circuitry for the padding of data. It also
contains glue logic for the transfer of the results to the “Operation Modes” block.

25.2.1 AES

This part of the architecture implements the AES algorithm described in the AES-FIPS PUB 197. The
capability it offers is the encryption and decryption of 128 bits data blocks by using 128-, 192-, or
256-bits encryption key.

25.2.2 Operation Modes
The block “Operation Modes” uses the AES to implement the following modes of operations:

e ECB (Electronic Code Book)
e CBC (Cipher Block Chaining
e CTR (Counter)

Padding requirements of the algorithms, to convert all data to multiples of 16 bytes (for AES), must
be addressed by software.

By applying successive programming of AES-CBC encryptions using software, the realization of the
HMAC-XCBC-AES-96 algorithm is possible.

The implementation of the AES-CCM is feasible, just like the implementation of AES-CTR algorithms
for encryption, and AES-CBC for authentication.

25.2.3 HASH

Padding at the input data is automatically applied as required by the hash algorithms. Two types of
padding are implemented, due to the different algorithms supported. The purpose is to ensure that
the message is a multiple of 512 or 1024 bits, depending on the algorithm. Padding is done similarly
in both cases. After the last data byte, one extra byte of value 0x80 is added. Next, a number of
bytes (0x00) is added, so that the overall size of the data block (including the extra bytes) mod
512/1024 is 448/896, depending on the algorithm. Following that, a 64/128-bits big-endian number is
attached, which represents the size of the data block, in bits (without the padding). While in this
process, TX/RX FIFOs are switched into 8-bytes mode.

The block packetizes the algorithm result (128 to 512 bits) into blocks of 64 bytes so that they can be
shifted to the TX FIFO. The following hash algorithms are implemented:

e MD5: RFC1321

e SHA-1: FIPS PUB 180-4

e SHA-224/256: FIPS PUB180-4. In this case only initialization changes

e SHA-384/512: FIPS PUB 180-4
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25.3 Programming

25.3.1 AES Engine Programming
There is a simple sequence of steps that needs to be followed to program the AES Engine:

1. Enable the clock by setting the CLK_AMBA_REG[AES_CLK_ENABLE] bit.
2. Select the AES mode (CRYPTO_CTRL_REG[CRYPTO_HASH_SEL] = 0).

3. Define the mode of operation of the AES algorithm (CRYPTO_CTRL_REG[CRYPTO_ALG_MD]).
For the CBC/CTR mode of operation, the corresponding IV/CTR block should be defined in the
CRYPTO_MREGx_REG registers.

4. Select the AES algorithm (CRYPTO_CTRL_REG[CRYPTO_ALG] = 0).
Select the size of AES Key (CRYPTO_CTRL_REG[CRYPTO_AES_KEY_SZ]).

6. Use AES keys expansion if needed (CRYPTO_CTRL_REG[CRYPTO_AES_KEXP]). If the key
expansion is enabled, define the (basic) key in the local CRYPTO_KEYS_START memory.

7. Set up data fetching address (CRYPTO_FETCH_ADDR_REG).

8. Set up data destination address (CRYPTO_DEST_ADDR_REG).

9. Set data length (CRYPTO_LEN_REG).

10. Select to Encrypt or Decrypt (CRYPTO_CTRL_REG[CRYPTO_ENCDEC]).

11. Enable the process by setting the CRYPTO_START_REG[CRYPTO_START] bit.
12. Wait the process to finish (CRYPTO_STATUS_REG[CRYPTO_INACTIVE] = 1).

o

25.3.2 HASH Engine Programming
There is a simple sequence of steps that needs to be followed to program the HASH Engine:

1. Enable the clock by setting the CLK_AMBA_REG[AES_CLK_ENABLE] bit.
2. Select the HASH mode (CRYPTO_CTRL_REG[CRYPTO_HASH_SEL] =1).

3. Set the number of bytes that will be saved at the memory by the DMA
(CRYPTO_CTRL_REG[CRYPTO_HASH_OUT_LEN], see register description).

4. Define the mode of operation of the HASH algorithm
(CRYPTO_CTRL_REG[CRYPTO_ALG_MD], see register description).

Select the HASH algorithm (CRYPTO_CTRL_REG[CRYPTO_ALG], see register description).
Set up data fetching address (CRYPTO_FETCH_ADDR_REG).

Set up data destination address (CRYPTO_DEST_ADDR_REG).

Set data length (CRYPTO_LEN_REG).

Enable the process by setting the CRYPTO_START_REG[CRYPTO_START] bit.

10. Wait the process to finish (CRYPTO_STATUS_REG[CRYPTO_INACTIVE] = 1).

For both cases, an interrupt can be enabled upon the completion of the processing, by setting 1 to
the CRYPTO_CTRL_REG[CRYPTO_IRQ_EN] (the interrupt should be enabled also in the CPU).

The clock of the Crypto Block should be disabled after the completion of each operation, by clearing
the CLK_AMBA_REG[AES_CLK_ENABLE] bit, if there is no other operation to be performed.

© ® N o U
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26 Wake-Up Controller

Device DA14701 DA14705 DA14706 DA14708

Feature Availability 4 v v v

26.1 Introduction

The Wake-Up Controller can be programmed to wake up the DA1470x from the Extended Sleep
(clocked) mode. It consists of two parallel circuits that can be programmed regarding the GPIO edge
or level monitored one with a debouncing counter usually used for buttons and another that indicates
which GPIO has toggled.

The block diagram illustrating the Wake-Up function is depicted in Figure 59.
Features

Monitors any GPIO state change

Implements debouncing time from O up to 63 ms

Latches the status of the monitored lines

Generates three interrupts to PDC, Arm Cortex-M33, and SNC ARM Cortex MO+
Generates a signal bus towards PDC indicating which GPIO has toggled

Wakes up the system from Extended Sleep

Supports level and edge detection for waking up

26.2 Architecture

The Wake-up controller can monitor all GPIO lines for an event. A line of XOR gates defines the
polarity of the signal to be monitored. Two parallel structures are implemented explicitly separated in
Figure 59 by a dashed line:

e KEY_WAKEUP: It can be programmed to monitor a number of GPIOs regarding their edge or
level. After GPIO toggles, a debounce counter can be triggered to debounce the key press before
generating an interrupt. The KEY_WKUP_GPIO_IRQ is generated towards the Cortex-M33,
SNC, and the PDC (named as Debounced_lO in the PDC). The debouncing time can be
programmed up to 63 ms. If debouncing is selected to be 0, the interrupt is issued on edge
detection, but the external signal needs to be at least 2xRCLP (32K/512K) clock periods asserted
considering the system being active.

This circuit can wake up the system from Extended (clocked) Sleep. Since the interrupt is kept
asserted until acknowledged by SW, the Cortex-M33 can receive it after its power domain has
been powered up by PDC. Of course, a respective PDC entry needs to be in place for waking up
Cortex-M33.

When the system is active, the circuit can keep on being used as a button press indicator with
debouncing. Note that, if multiple GPIOs have been toggled there is no indication of which one
has generated the interrupt.
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Figure 59: Wake-Up Controller Block Diagram

GPIO_WAKEUP: This circuit can be programmed to monitor edge (positive or negative) or level
sensitive triggers and latch them into a status register, so the source is known by the application.
The default behavior is level sensitive. This status register isdelivered to the PDC in form of a
signal bus for being used as a trigger for the PDC entries. Moreover, an OR of each GPIO port
signal forms a level interrupt towards the Cortex-M33 and SNC, namely GPIO_PO_IRQ,
GPIO_P1_IRQ, and GPIO_P2_IRQ.

Since these three interrupt lines are kept asserted until acknowledged by SW, the M33 or SNC
can receive them after its power domain has been powered up by PDC. Of course, a respective
PDC entry needs to be in place for waking up Cortex-M33 or SNC.

The edge or level detection functionality is programmable with the introduction of an extra
configuration bit (wkup_sell _gpio_pY_reg). There is a configuration bit for the selection between
the edge-sensitive and level-sensitive operation of the wake-up controller, for a specific GPIO
pin, as shown in Table 162.

Table 162: Edge/Level Triggering Configuration for Wake-Up

Configuration

wkup_sel_gpio_pY_reg

wkup_sell_gpio_pY_reg

Edge sensitive

Enable(1)/Disable(0)

1

Level sensitive

Enable(1)/Disable(0)

0

Figure 60 and Figure 61 shows the IRQ generation based on the configuration of
wkup_sel_gpio_pY_reg and wkup_sell_gpio_pY_reg bits.
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Figure 61: Level Sensitive GPIO

When the system is active, the circuit can keep on being used as an interrupt generator towards
Cortex-M33 storing the GPIO state that has caused the interrupt in the first place.

NOTE

The circuits KEY_WAKEUP and GPIO_WAKEUP can wake up the system from any clocked sleep
(Deep or Extended) but not from Hibernation.

26.3 Programming
There is a simple sequence of steps that needs to be followed to program the Wake-Up controller:

1. Enable the Wake-Up Controller by setting the CLK_TMR_REG[WAKEUPCT_ENABLE] bit.
2. Set up triggering polarity (WKUP_POL_Px_REG).
3. If debouncing is needed, define debounce time in WKUP_CTRL_REG[WKUP_DEB_VALUE].
4. Register PDC and/or KEY Interrupts:
a. Add PDC Entries (needed when the device goes to sleep).
b. Clear any latched values of the GPIOs (WKUP_CLEAR_Px_REG).
c. Add Wake-Up events (WKUP_SELECT_Px_REG).
d. Add GPIO interrupts (WKUP_SEL_GPIO_Px_REG and WKUP_SEL1_GPIO_Px_REG).

5. If needed, add the corresponding ISRs and enable the interrupts KEY_WKUP_GPIO_IRQ,
GPIO_PO_IRQ, GPIO_P1_IRQ, GPIO_P2_IRQ, PDC_IRQ).
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27 Wake-Up from Hibernation Controller

Device DA14701 DA14705 DA14706 DA14708

Feature Availability 4 v v v

27.1 Introduction

To support extremely low power hibernation, a small wakeup mechanism is implemented. This circuit
is in the PD_AON domain. To further reduce the power consumption only a specific number of pins
(4) can wake up the device from a hibernation state and only with a rising edge pulse. Finally, the
VBUS_AVAILABLE signal can also wake up the device.

27.2 Architecture

The block diagram of the wake-up from (clockless) hibernation controller is shown in Figure 62.

VBUS_AVAILABLE

Non-Filtered

vig Outputs =>to PPA Filtered Outputs
[ |
[

PO_20 >

Enable cloc
PO_29 = } D RCLP tl?'?
n -] 5

P1_04 > Analog

PMU
‘ ‘ | FSM

PO_28 = }
Mask Register
(4 bits)

SW enable
RC32k
Scan Test

Figure 62: Wake-Up from Hibernation Block Diagram

The grey box is the wake-up from the hibernation circuit. The output enable signal is produced by
controlling the async reset of a flip-flop and it is the signal that starts the RCLP module. When RCLP
is enabled, the flip-flop is clocked and as a result, it is cleared.

Only four pads and the VBUS_AVAILABLE signal are used as wake-up triggers. The pads feature
two outputs:

e A filtered output which is used to enable the RCLP
o Non-filtered output which will be driven to the PPA for general purpose use

A selectable pull-down resistor on the pads can be enabled during hibernation to prevent the wake-
up pads from floating. Also, note that floating back-gate diode exists on the pads during hibernation,
and lifting them up results in currents. The register file of the hibernation wake-up logic is in the
PD_SLP domain and only the flip flops, shown in Figure 62, are reside in the PD_AON domain. An
additional level-shifter cell is used for the VBUS_AVAILABLE signal.
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27.3 Programming

There is a simple sequence of steps that needs to be followed to configure the wake-up from
hibernation controller block:

1. Enable pull-down on the HiwWUx GPIOs if needed by configuring the
WAKEUP_HIBERN_REG[WAKEUP_PD_EN] fields.

2. Select which of the HIWU GPIOs will wake up the system from the hibernation in
WAKEUP_HIBERN_REG[WAKEUP_EN] fields.

3. Enable the hibernation mode by setting WAKEUP_HIBERN_REG[HIBERATION_ENABLE] bit.
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28 General Purpose ADC

Device DA14701 DA14705 DA14706 DA14708

Feature Availability 4 v v v

28.1 Introduction

The DA1470x is equipped with a high-speed ultra-low-power 10-bit general-purpose Analog-to-Digital
Converter (GPADC). It can operate in unipolar (single-ended) mode as well as in bipolar (differential)
mode. The ADC has its own voltage regulator (LDO) of 0.9 V, which represents the full-scale
reference voltage. Figure 63 shows the block diagram of the GPADC.

Features:

m 10-bit ADC

m  Maximum 2.6 MS/s

o Sampling time programmable between 125 ns and 7.5 us

Averaging up to 128 samples to reduce noise and achieve ENOB = 11 bits
Four single-ended or two differential external input channels (GPIOs)
Reference voltage = 900 mV

o Vin=0Vto+900 mV (single-ended), and -900 mV to +900 mV (differential)
O Attenuators 2x, 3x, 4x supporting different input ranges up to 3.6 V
Configurable sample manipulation functionality

Battery and the internal Voo monitoring channels

Chopper function

Offset adjust

Common-mode input level adjust

GP_ADC_SELP General Purpose ADC

Px_:
Px_
Px

X % X

Px:x
MUX1

DiffTemp
MUX2 120ka GP_ADC_EN
DieTe mp w00 GP_ADC_R20U
GP_ADC_MINT
20ka ADC_IRQ
GP_ADC_INT
60 kQ ADC_DMA REQ
L
| 4 ADC GP_ADC_RESULT_REG
o Tebit
g
2
5
T &

60 kO
20k
GP_ADC_SEL_N
40 kQ
Px_x— 120k
Px_x —|

Px_x —|
Px_x —|

GP_ADC_ATTN

GP_ADC_ATTN %
| ‘ }—o

Figure 63: Block Diagram of GPADC

28.2 Architecture
The ADC architecture shown in Figure 63 has the following subblocks:

e Analog to Digital converter (ADC)
o ADC analog part internally clocked with 100 MHz
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o ADC logic part clocked with the ADC_CLK which is the 16 MHz (DivN_clk/2)
e 0.9V LDO for the ADC supply with a high PSRR
Configurable attenuator with 1x, 2x, 3x, and 4x attenuation

e APB Bus interface clocked with the APB clock (APB-32 slow bus). Control and status registers
are available through registers GP_ADC _*

Maskable Interrupt (ADC_IRQ) and DMA request (ADC_DMA_REQ)

ADC input channel selector. Up to four GPIO pins, the VBAT/VBUS/VSYS rails, the DCDC
outputs, the two temperature sensors, and the internal Voo

28.2.1

Input Channels

Table 163 summarizes the ADC input channels. The GPIO signals at the channels [3:0] can be
monitored both single-ended and differentially. The signals at the 4-7 inputs can be monitored single-
ended or differentially with respect to the GPIOs.

Table 163: ADC Input Channels

Channel Signal Description

3.0 GPIO [P0_30, PO_27, PO_06, PO_05] | General Purpose Inputs

4 ADC MUX 1 Table 164

5 Differential Temperature Sensor Differential Temp Sensor for RF calibration
6 ADC MUX 2 Table 165

7 Temperature Sensor Temperature Sensor

Table 164: ADC MUX1

Channel Signal Description

0 Disabled No rail selected

1 NC Not connected

2 Reserved Reserved
Enable the current sensing for one of the LDO's

3 |_sense_bus (GP_ADC_SEL_REG[GP_ADC_LDO_SENSE_
SEL])

4 Reserved Reserved

5 V30 DCDC Converter V30 rail

6 Reserved

7 V18F DCDC Converter V18F rail

Table 165: ADC MUX2

Channel Signal Description
0 Disabled No rail selected
1 V12 DCDC Converter V12 rail
2 V18 DCDC Converter V18 rail
3 V14 DCDC Converter V14 rail
4 V18P DCDC Converter V18P rail
5 VSYS DCDC Converter VSYS rall
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Channel Signal Description
6 VBUS DCDC Converter VBUS ralil
7 VBAT DCDC Converter VBAT rail

Table 166 summarizes the voltage ranges which can be handled with the single-ended or differential
operation for different attenuation values. The single-ended/differential mode is controlled by the bit
GP_ADC_CTRL_REG[GP_ADC_SE] and the attenuation is handled by the bit
GP_ADC_CTRL2_REG[GP_ADC_ATTN].

Table 166: GPADC External Input Channels and Voltage Range

GP_ADC_ATTN GP_ADC_SE Input Scale Input Limits
0 -09Vto+09V -1Vio+1V
0(1x)
1 OVto+0.9V -0.1Vto 1V
12 %) 0 -1.8Vto+1.8V -19Vto+19V
1 OVto+1l8V -0.1Vtol9V
2(3%) 0 2.7Vto+2.7V -28Vto+28V
1 OVto+2.7V -0.1Vto28V
3(4%) 0 -3.6Vto+3.6V -3.45Vto +3.45V
1 OVto+3.6V -0.1Vto3.45V

Table 167 shows the maximum input voltages and the ratio for the VBAT/VSYS/VBUS rails
measurements using the GPADC block.

Table 167: GPADC Max Voltage and Rations for VBAT/VSYS/VBUS Rails

Rail Max GP-ADC in Voltage [V] Ratio
VBAT 4.762 0.189
VSYS 5.732 0.157
VBUS 5.488 0.164

28.2.2 Operating Modes
The GPADC operation flow diagram is shown in Figure 64.
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GP_ADC_EN=1

cntr =4*GP_ADC_EN_DEL
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GP_ADC_START==1

l
conv_nr = 2*GP_ADC_CONV_NRS ‘

J
]

cntr =8*GP_ADC_SMPL_TIME

0

‘ ADC Conversion

cntr = GP_ADC_STORE_DEL ‘

0

tmp_result += ADC value

No

Delay = Yes
GP_ADC_INTERVAL*1.024 ms GP_ADC_RESULT=
average(tmp_result)

ADC_IRQ_EN=1
DMA Request =1

GP_ADC_INTERVAL==0

GP_ADC_CONT==0

‘ GP_ADC_START=0 ‘

STOP

Figure 64: GPADC Operation Flow Diagram

28.2.2.1 Enabling the ADC

Enabling/disabling of the ADC is triggered by configuring bit GP_ADC_CTRL_REG[GP_ADC_EN].
When the bit is set to 1, first the LDO is enabled. Then after the delay value set in
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GP_ADC_CTRL3 _REG[GP_ADC_EN_DEL] (typically 16 us to account for the LDO settling time),
the ADC is enabled, and an AD conversion can be started. See Table 168 for recommended values.

Table 168: ADC_LDO Start-Up Delay

fabc_cLk GP_ADC_EN_DEL TADC_EN_DEL

16 MHz 0x40 16 ps

Formula:
GP_ADC_EN_DEL = Tapbc en peL X fanc cik / 4
This value must be rounded up to the nearest integer.

The GPADC is a dynamic ADC and consumes no static power, except for the ADC_LDO which
consumes approximately 20 pA. Therefore, GP_ADC_EN must be set to 0 if the ADC is not used.

The V14 rail of the DCDC should be enabled before enabling the GP-ADC block.

28.2.2.2 Manual Mode

An AD conversion can be started by setting GP_ADC_START to 1. While the conversion is active,
GP_ADC_START remains 1. When a conversion is finished, the hardware sets GP_ADC_START to
0 and GP_ADC _INT to 1 (interrupt), and GP_ADC_RESULT_REG contains the valid ADC value.
While the conversion is active, writing 1 to GP_ADC_START does not start a new conversion. SW
should always check that bit GP_ADC_START = 0 before starting a new conversion.

28.2.2.3 Continuous Mode

Setting GP_ADC_CTRL_REG[GP_ADC_CONT] to 1 enables the continuous mode, which
automatically starts a new AD conversion when the current conversion has been completed. The
GP_ADC_START bit is only needed once to trigger the first conversion. If the continuous mode is
active, GP_ADC_RESULT_REG always contains the latest ADC value.

To correctly terminate the continuous mode, it is required to disable the GP_ADC_CONT bit first and
then wait until the GP_ADC_START bit is cleared to 0, so the ADC is in a defined state.

NOTE

Before making any changes to the ADC settings, users must disable the continuous mode by setting bit
GP_ADC_CONT to 0 and waiting until bit GP_ADC_START = 0.

The time interval between two successive AD conversions is programmable with
GP_ADC_CTRL3_REG[GP_ADC_INTERVAL] in steps of 1.024 ms. If GP_ADC_INTERVAL = 0, the
conversion restarts immediately. If GP_ADC_INTERVAL is not zero, the ADC first synchronizes to
the delay clock before starting the conversion. This can take up to 1 ms.

28.2.3 Conversion Modes

28.2.3.1 AD Conversion

Each AD conversion has three phases:
e Sampling

e Conversion

e Storage

The AD conversion starts with the sampling phase. This phase ends after the time set in
GP_ADC_CTRL2_REG|GP_ADC_SMPL_TIME] and triggers the conversion phase. If
GP_ADC_CTRL2_REG|[GP_ADC_STORE_DEL] = 0, handshaking is used, that is, the ADC result is
stored when a conversion is finished. Otherwise, a fixed (programmable) delay is used, and the
result is stored regardless of whether the conversion is finished or not.

The total conversion time of an AD conversion depends on various settings. In short, it is as follows.
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Neony - (NCYCL smpr + Neyie STORE)
Tupc = = = (1)
ape fADC,CLK
Where

® Nconv = the number of conversions. This is related to the value programmed in
GP_ADC_CTRL2_REG[GP_ADC_CONV_NRS], following 2GP-APC_CONV_NRS \\/hen
GP_ADC_CTRL_REG[GP_ADC_CHOP] is set, the minimum value for Nconv is always 2.

® Ncvic_svpL = the number of ADC_CLK cycles used for sampling, which is 8 x
GP_ADC_CTRL2_REG[GP_ADC_SMPL_TIME].

® Ncyc_store = the number of ADC_CLK cycles until the result is stored. When
GP_ADC_CTRL2_REG|[GP_ADC_STORE_DEL] = 0, handshaking is used. With handshaking,
the number of ADC_CLK cycles is typically three. This value may spread from sample to sample
and over temperature, otherwise, the number of ADC_CLK cycles is
GP_ADC_CTRL2_REG[GP_ADC_STORE_DEL] + 1.

Sampling Phase

The sampling time can be programmed via GP_ADC_CTRL2_REG[GP_ADC_SMPL_TIME] and
depends on the sampling time constant in combination with the desired sampling accuracy. This
sampling time constant, Tabc_swpL (Table 169), then depends on the output impedance of the source,
the internal resistive dividers, and the internal sampling capacitor. And the number of required time
constants is given by the natural logarithm of the desired accuracy, that is, In(2*Ner). For Neir = 10-
bit accuracy, seven-time constants are required.

Table 169: ADC Sampling Time Constant (Tapc_swrL)

ADC Input TADC_SMPL

ROUT x 0.5 pF (Differential Input)

GPADCO, GPADC1 (GP_ADC_ATTN = 0) ROUT x 1 pF (Single-Ended Inpuf)

(ROUT + 120 kQ) x 0.5 pF (Differential Input)

GPADCO, GPADC1 (GP_ADC_ATTN =1
’ (GP_ADC_ ) (ROUT + 120 kQ) x 1 pF (Single-Ended Input)

(ROUT + 160 kQ) x 0.5 pF (Differential Input)

GPADCO, GPADC1 (GP_ADC_ATTN =2 )
(GP - ) (ROUT + 160 kQ) x 1 pF (Single-Ended Input)

(ROUT + 180 kQ) x 0.5 pF (Differential Input)

GPADCO, GPADC1 (GP_ADC_ATTN =3 ,
(GP_ - ) (ROUT + 180 kQ) x 1 pF (Single-Ended Input)

Formula:
GP_ADC_SMPL_TIME = In(2"NsiT) % Tapc_smpL X fanc_cik / 8

This value must be rounded up to the nearest integer.

Conversion and Storage Phase

One AD conversion typically takes around 125 ns with a 100 MHz internal ADC clock. The result can
be stored either by handshaking or after a fixed number of cycles (programmable).

e Handshake mode (GP_ADC_STORE_DEL = 0)
In handshake mode, the conversion result is available in GP_ADC_RESULT_REG after two
sampling ADC_CLK cycles plus two conversion ADC_CLK cycles plus two ADC_CLK cycles for
synchronization.

e Fixed delay mode (GP_ADC_STORE_DEL > 0)

In fixed delay mode, the conversion result is available in GP_ADC_RESULT_REG after the
programmed storage delay, regardless of whether the conversion is ready or not. Note that, when
the delay is too short (that is, the conversion is not finished in the allocated time), the old
(previous) ADC result is stored.
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28.2.3.2 Averaging

To reduce noise and improve performance, multiple samples can be averaged out (assuming the
time average of noise equals zero). This is handled by HW and can be controlled by setting
GP_ADC_CTRL2_REG[GP_ADC_CONV_NRS] to a non-zero value. The actual number of the
consecutive samples taken is by 2GP_ADC_CONV_NRS,

Because the internal noise also acts as a form of dither, the actual accuracy can be improved.
Therefore, the ADC result is not truncated to 10-bit but stored as 16-bit left-aligned, and truncation is
left for the user. The expected Effective Number of Bits (ENOB) is shown in Table 170.

Table 170: ENOB in Oversampling Mode

GP_ADC_CONV_NRS ENOB (Left Aligned) in GP_ADC_RESULT_REG
0 >9

>9

>9

>10

>10

>10

>11

~N|jo | a|lh~[OW|IN|RF

>11

28.2.3.3 Chopper Mode

Inherently, the ADC has a DC offset (Eors). When GP_ADC_CTRL_REG[GP_ADC_CHOP] is set to
1, the hardware triggers two consecutive AD conversions and flips the sign of the offset in-between.
Summing the two samples effectively cancels out the inherent ADC offset. This method also smooths
other non-ideal effects and is recommended for DC and the slowly changing signals.

When combined with averaging, every other AD conversion is taken with the opposite sign. Without
averaging two AD conversions are always triggered.

Note that a DC offset causes saturation effects at zero scale or full scale. When chopping is used
without offset calibration, non-linear behavior is introduced towards zero scale and full scale.

28.2.4 Additional Settings
The hardware also supports pre-ADC attenuation via GP_ADC_CTRL2_REG[GP_ADC_ATTN]I:

e Setting 0 disables the attenuator

e Setting 1 scales the input range by a factor of two
® Setting 2 scales the input range by a factor of three
e Setting 3 scales the input range by a factor of four

With bit GP_ADC_CTRL_REG[GP_ADC_MUTE] = 1, the input is connected to 0.5 x ADC reference.
So, the ideal ADC result should be 511.5. Any deviation from this is the ADC offset.

With bit GP_ADC_CTRL_REG[GP_ADC_SIGN] = 1, the sign of the offset is inverted. When the
chopper is used, the hardware alternates GP_ADC_SIGN = 0 and 1. This bit is typically only used for
the offset calibration routine described in Section 28.2.6 and has no specific use to the end user.

28.2.5 Non-ldeal Effects

Besides Differential Non-Linearity (DNL) and Integral Non-Linearity (INL), each ADC has a gain error
(linear) and an offset error (linear). The gain error (Ec) of the GPADC affects the effective input
range. The offset error (Eors) causes the effective input scale to become non-centered. The offset
error can be reduced by chopping and/or by offset calibration.
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The ADC result also includes some noise. If the input signal itself is noise free (inductive effects
included), the average noise level is +1 LSB. Reducing noise effects can be done by taking more
samples and calculating the average value. This can be done by programming
GP_ADC_CTRL2_REG[GP_ADC_CONV_NRS] to a non-zero value.

With a “perfect” input signal (for example, if a filter capacitor is placed close to the input pin), most of
the noise comes from the low-power voltage regulator (LDO) of the ADC. Since the DA1470x is
targeted for ultra-compact applications, there is no pin available to add a capacitor at this voltage
regulator output.

The dynamic current of the ADC causes extra noise at the regulator output. This noise can be
reduced by setting bits GP_ADC_CTRL2_REG[GP_ADC _120U]. Bit GP_ADC 120U enables a
constant 20 pA load current at the regulator output so that the current does not drop to zero. This
increases power consumption by 20 pA.

28.2.6 Offset Calibration

A relative high offset error is caused by a very small dynamic comparator. This offset error can be
canceled with the chopping function, but it still causes unwanted saturation effects at zero scale or
full scale. With GP_ADC_OFFP_REG and GP_ADC_OFFN_REG, the offset error can be
compensated in the ADC network itself. To calibrate the ADC, follow the steps in Table 171. In this
routine, 0x200 is the target mid-scale of the ADC.

Table 171: GPADC Calibration Procedure for Single-Ended and Differential Modes

Step | Single-Ended Mode (GP_ADC_SE =1) Differential Mode (GP_ADC_SE = 0)

1 Set GP_ADC_OFFP = GP_ADC_OFFN = 0x200; | Set GP_ADC_OFFP = GP_ADC_OFFN = 0x200;
GP_ADC_MUTE = 0x1; GP_ADC_SIGN = 0x0. GP_ADC_MUTE = 0x1; GP_ADC_SIGN = 0x0.

2 Start conversion. Start conversion.

3 adc_off p=GP_ADC_RESULT - 0x200 adc_off p=GP_ADC_RESULT - 0x200

4 Set GP_ADC_SIGN = 0x1. Set GP_ADC_SIGN = Oxl1.

5 Start conversion. Start conversion.

6 adc_off_n=GP_ADC_RESULT - 0x200 adc_off n=GP_ADC_RESULT - 0x200

7 GP_ADC_OFFP = 0x200 - 2 x adc_off p GP_ADC_OFFP = 0x200 - adc_off p
GP_ADC_OFFN = 0x200 - 2 x adc_off_n GP_ADC_OFFN = 0x200 - adc_off n

To increase the accuracy, it is recommended to set the
GP_ADC_CTRL2_REG[GP_ADC_SMPL_TIME] =2 or 3 and
GP_ADC_CTRL2_REG[GP_ADC_CONV_NRS] = 3 or 4 prior to this routine.

It is recommended to implement the above calibration routine during the initialization phase of
DA1470x. To verify the calibration results, check whether the GP_ADC_RESULT value is close to
0x200 while bit GP_ADC_CTRL_REG[GP_ADC_MUTE] = 1.

28.2.7 Zero-Scale Adjustment

The GP_ADC_OFFP and GP_ADC_OFFN registers can also be used to set the zero-scale or full-
scale input level at a certain target value. For instance, they can be used to calibrate
GP_ADC_RESULT to 0x000 at an input voltage of exactly 0.0 V or to calibrate the zero scale of a
sensor.

28.2.8 Common Mode Adjustment

The common mode level of the differential signal must be 0.45 V = Full Scale/2 (or 1.35 V with
GP_ADC_ATTN = 2, that is, 3x attenuation). If the common mode input level of 0.45 V cannot be
achieved, the common mode level of the GPADC can be adjusted via GP_ADC_OFFP_REG and
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GP_ADC_OFFN_REG according to Table 172. The GPADC can tolerate a common mode margin of
up to 50 mV.

Table 172: Common Mode Adjustment

CM Voltage (Veem) GP_ADC_OFFP = GP_ADC_OFFN
0.225V 0x300
0.450 V 0x200
0.675V 0x100

Any other common mode levels between 0.0 V and 0.9 V can be calculated from Table 172. Offset
calibration can be combined with common mode adjustment by replacing the 0x200 value in the
offset calibration routine with the value required to get the appropriate common mode level.

28.2.9 Input Impedance, Inductance, and Input Settling

The GPADC has no input buffer stage. During the sampling phase, a capacitor of 0.5 pF in
differential mode or 1 pF in single-ended mode is switched to the input line(s). The pre-charge of this
capacitor is at the midscale level, so the input impedance is infinite.

During the sampling phase, a certain settling time is required. A 10-bit accuracy requires at least
seven-time constants Tapc_swpL, determined by the output impedance of the input signal source, the
internal resistive dividers, and the 0.5 pF or 1 pF sampling capacitor. See Table 169.

The inductance from the signal source to the ADC input pin must be very small. Otherwise, filter
capacitors are required from the input pins to the ground (single-ended mode) or from pin to pin
(differential mode).

28.2.10 Configurable Sample Manipulation
The GPADC supports configurable sample manipulation in the result register based on Table 173.

Table 173: Configurable Sample Manipulation

GP_ADC_CTRL2_REG | GP_ADC_CTRL_REG | GP_ADC_RESULT_REG
[GP_ADC_CONV_NRS] | [GP_ADC_CHOP]

6,7 - result[15:0]

5 - result[15:1], result[1]

4 - result[15:2], result[2], result[2]

3 - result[15:3], result[3], result[3, result[3

2 - result[15:4], result[4], result[4], result[4], result[4]

1 - result[15:5], result[5], result[5], result[5], result[5],
result[5]

0 1 result[15:5], result[5], result[5], result[5], result[5],
result[5]

0 0 result[15:6], result[6], result[6], result[6], result[6],

result[6], result[6]

28.3 Programming
There is a simple sequence of steps that needs to be followed to program and use the GPADC:

1. Enable the GPADC by setting the GP_ADC_CTRL_REG[GP_ADC_EN] bit.
2. Set up the GPIO input (Px_yy_MODE_REG|PID] = 34).

Note that there are four dedicated pins that can be used with GP-ADC (P0_05, PO_06, P0O_27,
and PO_30).
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9.

Select the input channel (GP_ADC_SEL_REG).

Select the sampling mode (differential or single-ended) by writing the
GP_ADC_CTRL_REG[GP_ADC_SE] bit.

Select between the manual mode and the continuous mode of sampling
(GP_ADC_CTRL_REG[GP_ADC_CONT].

Set up extra options (see GP_ADC_CTRLXx_REG description).

Start the conversion by setting GP_ADC_CTRL_REG[GP_ADC_START] bit.

Wait for GP_ADC_CTRL_REG[GP_ADC_START] to become 0 or interrupt being triggered (when
used).

Clear the ADC interrupt by writing any value to GP_ADC_CLEAR_INT_REG.

10. Get the ADC result from the GP_ADC_RESULT_REG.
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29 Application ADC

Device DA14701 DA14705 DA14706 DA14708

Feature Availability 4 v v v

29.1 Introduction

The DA1470x is equipped with a low-power ADC for voice/audio applications which deliver 11
effective number of bits (ENOB) at a rate of 16 ksamples/s.

In front of the Application ADC, there is a Programmable Gain Amplifier to adjust the input level of an
analog microphone to the ADC input range. The microphone is AC coupled to the differential input
PGA. In case the analog microphone has a single-ended output, the ground terminal can be
connected to one of the inputs.

Features

m 11 bits resolution at 16 ksamples/s
m  One differential channel
m Programmable Gain Amplifier in differential mode only

SDADC_EN

A

LDO

V18P Vs

Y l v
\ 4 v V.
VDD\ REF DDA
BITSTREAM
PGA 2A Modulator

N

A 4

P1_05

P1_06

A 4

SDADC_START
A

Register File and -
X :> Audio Filter
Control Logic SDADC|RESULT_REG

zZ =
APB bus

Figure 65: Application ADC Block Diagram

29.2 Architecture

The App ADC comprises an analog part including a ZA-Modulator and auxiliary circuitry, control
logic, and a digital part containing a sinc4 digital decimation filter delivering 16 ksps. The audio mode
filter and the data path are presented in Figure 66.
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Figure 66: Audio Mode Data Path

This filter delivers a 16-bits word with a 16 kHz rate.

Note

Out of the 16-bits, the ENOB is 11 hence the 5 LSBs are considered to be noise and should be discarded.

The output of the filter is driven to the result register of the App ADC block where it can be read by
the CPU or a DMA engine. In parallel, it is connected to the APU block in the SRC input, for sampling
conversion directly without the need for a CPU.

29.3 Programming

There is a simple sequence of steps that needs to be followed to program and use the ZA AD
Converter:

1. Enable the SDADC block (SDADC_CTRL_REG[SDAC_EN]=1).

Enable the interrupts by setting SDADC_CTRL_REG[SDAC_MINT]=1.

Configure the PGA block by writing the SDADC_PGA_CTRL_REG.

Enable the PGA block by setting SDADC_PGA_CTRL_REG[PGA_EN]=1.

Enable the SDADC audio filter (SDADC_CTRL_REG[SDADC_AUDIO_FILTER_EN] =1).
Start the conversion by SDADC_CTRL_REG[SDAC_START]=1.

Get the ADC result from the SDADC_RESULT_REG when an interrupt is triggered.

To stop the conversion:

a. Stop SDADC sampling by disabling audio filter
(SDADC_CTRL_REG[SDADC_AUDIO_FILTER_EN] =0).

b. Wait until the SDADC_CTRL_REG[SDADC_START] bit becomes a zero.

© NN
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30 Audio Unit (AU)

Device DA14701 DA14705 DA14706 DA14708
Feature Availability 4 v v v

30.1 Introduction

The Audio Unit features two digital interfaces, namely a PDM and PCM. It also comprises two
Sampling Rate Converter (SRC) units, which are used for adjusting the sampling rate of audio
streams between the two interfaces and memory. Two SRC units are used for processing two audio
signals simultaneously for parallel listening and playing.

The PDM interface provides a serial connection for one stereo or two mono input devices (for
example, MEMS microphones) or digital output devices. The interface has a single clock PDM_CLK
and one input/output PDM_DI/PDM_DO that can carry two channels in a time-divided manner.

The PCM controller implements up to 192 kHz synchronous interface to external audio devices,
ISDN circuits, and serial data interfaces. It enables master and slave modes and supports 12S and
TDM formats.

The Audio Unit is supported by the system DMA controller with configurable channels for the PCM
and PDM streams. The PCM data flow utilizes an internal dedicated 8x32-bit FIFO that cannot be
used in stereo mode.

Features

m  Two Sampling Rate Conversion (SRC) Units for parallel (listening and playing) audio streams
m  Supported conversions:

O SRC_IN (32 bits) to SRC_OUT (32 bhits)

o PDM_IN (1bit) to SRC_OUT (32 bits)

O SRC_IN (32 bits) to PDM_OUT (1 bit)

SRC_IN, SRC_OUT Sample rates 8 kHz to 192 kHz

SNR > 100 dB

Single Buffer 1/0O with the use of system DMA controller

Automatic mode to adjust sample rate to the applied frame sync (for example, PCM_FSC)

Manual mode to generate interrupts at the programmed sample rate. Adjustment is done by SW
based on buffer pointers

m  PCM (Master/Slave) interface
o PCM_FSC
— Master/slave 4 kHz to 48 kHz
— Strobe Length 1, 8, 16, 24, 32, 40, 48, and 64 bits
— PCM_FSC before or on the first bit (In Master mode)
2x32bits channels

Programmable slot delay up to 31*8 bits
Formats
— PCM mode
— 12S mode (Left/Right channel selection) with N*8 for Left and N*8 for Right
o Programmable clock and frame sync inversion
m PDM interface
o PDM_CLK frequency 62.5 kHz -- 4 MHz
o Down-sampling to 32 bits in SRC
o PDM_CLK on/off to support Sleep mode
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o PDM_DATA
— Input: 1 Channel in stereo format
— Output: 2 Channels in mono format, 1 Channel in stereo format
o Programmable Left/Right channel selection
m Direct connection to the ¥AADC output for down/up conversion without DMA
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Figure 67: Audio Unit Block Diagram
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30.2 Architecture

30.2.1 Data Paths

The SRC block converts two 32-bit channels into, either a stereo pair or two mono streams. PCM
linear data pairs are transferred to SRC1_IN1/2; the output is 2x32-bit left-aligned on SRC1_OUT1/2.
The two 1-bit PDM data inputs are received on PDM_IN and are converted to 2x32 hits, left-aligned
to SRC_OUT.

The SRCx_IN input multiplexer (Figure 38) is controlled by SRCx_MUX_ REG[SRCx_MUX_IN]. The
input of these multiplexers comes from the audio interfaces, the SRC1_IN1/2_REG, or the ZA ADC
output register. The data to these registers is left-aligned, bits 31-8 are mapped on bits 23-0 of the
SRC.

The 32 bits SRC outputs can be read in SRCx_OUT1_REG and SRCx_OUT2_REG and can also be
routed to the PCM interface. The input selection of this multiplexer is also controlled by
SRC1_MUX_REG[PCM1_MUX_IN].

An 8x32-bit FIFO can be connected to the SRC input or output data path when not in stereo mode.
When the FIFO services the SRC input data path, an SRC input event triggers a FIFO write, while a
CPU read access triggers a FIFO read. SRC_IN_IRQ / SRC2_IN_IRQ are issued when the FIFO
level increments to four samples. When the FIFO services the SRC output data path, an SRC output
event triggers a FIFO read, while a CPU write access triggers a FIFO write.
SRC_OUT_IRQ/SRC2_OUT_IRQ are issued when the FIFO level drops below five samples. FIFO
operation can be completely disabled.

The SRC can be configured to operate in two different modes of operation:
e Manual mode
e Automatic mode

In manual mode, the input/output sampling rate is determined by
SRCx_IN_FS_REG/SRCx_OUT_FS_REG registers.

In automatic mode, the input/output sampling rate is automatically derived from the external
synchronization signals and can only be read back at SRCx_IN_FS_REG/SRCx_OUT_FS REG
registers.

When PDM is used (input/output), SRC operates in automatic mode. The sampling rate reported in
SRCx_IN_FS_REG registers is PDM_CLK/64, 64 being the default oversampling ratio.

An overview of all possible data paths for both inbound as well as outbound audio streams is
illustrated in Figure 68.
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Figure 68: Inbound and Outbound Audio Streams Data Paths

30.2.2 Up/Down Sampler

The Up/Down Sampler (Figure 38) performs the required arbitrary resampling by polynomial
interpolation at an 8x oversampled input rate and 16x oversampled output rate.

For maximum flexibility, a generic single-cycle multiplier facilitates variable coefficient multiplications.
The multiplier is combined with optional pre- and post-adders into an arithmetic unit.

30.2.3 PCM Interface

30.2.3.1 Channel Access and Delay

The PCM interface has two 32-bit registers for TX and RX, namely PCM1_IN1/OUT1_REG and
PCM2_IN1/OUT2_REG for input and output directions respectively. These registers can be arranged
as two channels of 32 bits each, four channels of 16 bits each, or eight channels of 8 bits each,
named channel 1 to channel 8. By a configurable clock inversion, channel delay, and strobe length
adjustment, various formats like PCM, 12S, and TDM can be supported.

The 8 PCM channels can be delayed with a maximum delay of 31x8 bits by configuring
PCM1_CTRL_REG[PCM_CH_DEL]. Note that a high delay count in combination with a slow clock
can lead to the PCM_FSC sync occurring before all channels are shifted in or out. The received bits
of the current channel may not be properly aligned in that case. Furthermore, the SRC blocks only
support two channels.

30.2.3.2 Clock Generation

The PCM clock (PCM_CLK) must be generated according to the required sample rate. There are two
ways of generating the clock:

e The Fractional Option. Dividing the system clock by an integer and a fractional part (inserting
jitter in the clock pulse train). This is programmed in the PCM_DIV_REG and PCM_FDIV_REG
respectively
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e The Integer Only option. Approximate the sample rate by adding more clock pulses than bits
required. These extra pulses are ignored. This approach is used when external slave devices
cannot tolerate the inserted jitter on the clock line. It is configured in PCM_DIV_REG

The PCM_DIV_REG[PCM_DIV] is a 12-bits field that holds the integer part of the desired clock
divider. The fractional part of the divider is stored in the 16 bits PCM_FDIV_REG register. The value

of the register is calculated in the following way:

e The position of the leftmost 1 of the value in binary format defines the denominator
e The amount of 1s defines the numerator of the fraction as explained in the example of Table 174.

Table 174: PCM_FDIV_REG Programming Example

PCM_FDIV_REG (Hex) | PCM_FDIV_REG (Binary) | Numerator Denominator Fraction
0x0110 0b100010000 2 9 2/9
0x0101 0b100000001 2 9 2/9
Ox1ABC 0b1101010111100 8 13 8/13
OxBEEF 0b1011111011101111 13 16 13/16
OxFEEE 0b1111111011101110 13 16 13/16

The FSC pulse is generated from the PCM_CLK by further dividing it by PCM_FSC_DIV.

Both clock generation options are explained in Table 175, with 8 bits, 16 bits, 32 bits, and 48 bits in
various sample rates.

Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 251 of 1019 © 2022 Renesas Electronics



DA1470x LENESAS

Multi-Core Wireless SoC Family with PMU and GPU Final
Table 175: Fractional and Integer Only Clock Divisors for Various PCM Frequencies and Sample Rates
XTAL (kHz) PLL (kHz) RCHS (kHz) RCHS (kHz)
32000 160000 96000 64000
Integer
Fractional Only Fractional Integer Only Fractional | Integer Only Fractional | Integer Only
~| o] 2 ~ 5| ol o o] s% 5 10} 10} o s 5 ol o o s 5 ol o ol s
25 < S| 2| 2| 2|y S| =z 2| =z| g S| z|z| =z|%g| ©| z|=z| =z|%g
% 8 9? ; EI ; z § ; E| ; g § ; EI ;I g E gl El ; g
I 5 g1 2| 3| 8] ¢ gl 8| 3| 8| & gl 2|38 2| & gl 13| 2| &
g g o o o o
8| 1| 8 64 500 500 500 8 2500 | 2500 2500 | 8 1500 1500 1500 | 8 1000 | 1000 1000 | 8
8| 1] 16| 128 250 250 250 | 16 1250 | 1250 1250 | 16 750 750 750 16 500 | 500 500 16
8| 1] 24| 192 166,667 | 166 | 2/3 | 160 | 25 | 833,333 | 833 | 1/3 | 800 25 500 500 500 | 24 | 333.3| 333 | 1/3 | 320 25
8| 1]32]| 256 125 125 125 | 32 625 625 625 | 32 375 375 375 | 32 250 | 250 250 32
8| 2| 8] 128 250 250 250 8 1250 | 1250 1250 | 8 750 750 750 8 500 | 500 500 8
8| 2| 16| 256 125 125 125 | 16 625 625 625 16 375 375 375 16 250 | 250 250 16
8| 2| 24| 384 83333 | 83 | 1/3 | 80 | 25 | 416,667 | 416 | 2/3 | 400 25 250 250 250 | 24 | 166.6 | 166 | 2/3 | 160 25
8| 2132]| 512|| 625 62 | 1/2 | 50 | 40 3125 | 312 | 1/2 | 250 | 40 187,5 187 | 1/2 | 150 | 40 125 | 125 125 32
6| 1| 8| 128 250 250 250 | 8 1250 | 1250 1250 | 8 750 750 750 8 500 | 500 500 8
16| 1|16 | 256 125 125 125 | 16 625 625 625 | 16 375 375 375 | 16 250 | 250 250 | 16
16| 1|24 3841 83333 | 83 | 1/3 | 80 | 25 | 416,667 | 416 | 2/3 | 400 | 25 250 250 250 | 24 |[166.6 | 166 | 2/3 | 160 | 25
16| 1|32 5121 625 62 | 1/2 | 50 | 40 3125 | 312 | 12 | 250 | 40 187,5 187 | 12 | 150 | 40 125 | 125 125 | 32
6 2| 8| 25 125 125 125 8 625 625 625 8 375 375 375 8 250 | 250 250 8
16| 2| 16| 512 625 62 | 1/2 | 50 | 20 3125 | 312 | 12 | 250 20 187,5 187 | 1/2 | 150 | 20 125 | 125 125 16
16| 2| 24| 768 41667 | 41 | 2/3 | 40 | 25 | 208,333 | 208 | 1/3 | 200 25 125 125 125 | 24 | 833 | 83 |1/3| 80 25
16| 2|32 (1024 3125 | 31 | 1/4 | 25 | 40 156,25 | 156 | 1/4 | 125 | 40 93,75 93 |3/4| 75 40 || 625 | 62 |12 | 50 40
32| 1| 8] 256 125 125 125 8 625 625 625 8 375 375 375 8 250 | 250 250 8
32| 1|16 | 512 @25 62 | 1/2 | 50 | 20 3125 | 312 | 1/2 | 250 20 187,5 187 | 1/2 | 150 | 20 125 | 125 125 16
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XTAL (kHz) PLL (kHz) RCHS (kHz) RCHS (kHz)
32000 160000 96000 64000
Integer

Fractional Only Fractional | Integer Only Fractional | Integer Only Fractional | Integer Only
32 1|24 768 41667 | 41 | 2/3 | 40 25 | 208,333 | 208 | 1/3 | 200 25 125 125 125 24 833 | 83 | 1/3| 80 25
32| 1| 321024 31,25 31 | 1/4 | 25 40 156,25 | 156 | 1/4 | 125 40 93,75 93 | 34| 75 40 62.5 62 | 1/2 | 50 40
32| 2| 8| 512 625 62 | 1/2 | 50 10 3125 | 312 | 1/2 | 250 10 187,5 187 | 1/2 | 150 10 125 | 125 125 8
32| 2| 16| 1024 | 3125 31 | 14 | 25 20 156,25 | 156 | 1/4 | 125 20 93,75 93 |34 | 75 20 625 | 62 | 1/2| 50 20
32| 2| 24| 1536 (| 20,833 | 20 | 5/6 | 20 25 || 104,167 | 104 | 1/6 | 100 25 62,5 62 | 1/2 | 50 30 416 | 41 | 2/3| 40 25
32| 2| 32|2048 (| 15625 | 15 | 5/8 | 10 50 78,125 78 | 1/8 | 50 50 46,875 46 | 7/8 | 30 50 |[31.25| 31 |14 | 25 40
48| 1| 8| 384 83333 | 83 | 1/3 | N/A | N/A || 416,667 | 416 | 2/3 | N/A | N/A 250 250 250 8 166.6 | 166 | 2/3 | N/A | N/A
48 | 1| 16| 768 41667 | 41 | 2/3 | NJA | N/A || 208,333 | 208 | 1/3 | N/A | N/A 125 125 125 16 833 | 83 | 1/3| N/A | NA
48 | 1| 24| 1152 | 27,778 | 27 | 7/9 | N/A | N/A || 138,889 | 138 | 8/9 | N/A | N/A |/ 83,33333333 | 83 | 1/3| 80 25 55.5 55 | 5/9 | N/A | NA
48 | 1| 32| 1536 20,833 | 20 | 5/6 | N/A | N/A || 104,167 | 104 | 1/6 | N/A | N/A 62,5 62 | 1/2 | 50 40 || 416 | 41 | 23| N/A | NA
48 | 2| 8| 768 41667 | 41 | 2/3 | NJA | N/A || 208,333 | 208 | 1/3 | N/A | N/A 125 125 125 8 833 | 83 |13 | N/A | NA
48 | 2| 16 | 1536 | 20,833 | 20 | 5/6 | N/A | N/A || 104,167 | 104 | 1/6 | N/A | N/A 62,5 62 | 1/2 | 50 20 || 416 | 41 | 2/3| NA | NA
48 | 2| 24| 2304 13889 | 13 | 8/9 | N/A | N/A || 69,444 | 69 | 4/9 | N/A | N/A | 4166666667 | 41 | 2/3 | 40 25 || 277 | 27 | 79| NA | NA
48 | 2|32 |3072| 10417 | 10 | 2/5 | N/A | N/A || 52,083 | 52 | 1/12 | N/A | N/A 31,25 31 | 14| 25 40 [ 208 | 20 |56 | NA | NA

The yellow marked fields designate that the actual word size achieved in the Integer Only option is larger than the required bits. The last clock pulses are
ignored in this case. For example, to get 24 bits at an 8 kHz sampling rate, a clock of 192 kHz is required. In the Integer Only option, this is not possible. A
higher clock will be generated (200 kHz), which results in a word of 25 bits. In this case, the last bit will be ignored. Note that the values in Table 175 are
valid for the 12S and TDM without offset modes of operation.
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30.2.3.3 External Synchronization

With the PCM interface in Slave mode, the PCM interface supports direct routing through the sample
rate converters (SRCs). Any drift in PCM_FSC or other frame sync frequencies like 44.1 kHz can be
directly resampled to, for example, 48 kHz internal sample rate.

30.2.3.4 Data Formats

PCM Master Mode
Master mode is selected if PCM1_CTRL_REG[PCM_MASTER] = 1.

In Master mode, PCM_FSC is output and falls always over Channel 0. The duration of PCM_FSC is
programmable with PCM1_CTRL_REG[PCM_FSCLEN] =1 or 8,16, 24, 32 clock pulses high. The
start position is programmable with PCM1_CTRL_REG[PCM_FSCDEL] and can be placed before or
on the first bit of channel 0. The repetition frequency of PCM_FSC is programmable in
PCM1_CTRL_REG[PCM_FSC_DIV] from 8 to 48 kHz.

If Master mode is selected, PCM_CLK is output and provides one or two clocks per data bit
programmable in PCM1_CTRL_REG[PCM_CLK_BIT].

The polarity of the signal can be inverted with bit PCM1_CTRL_REG[PCM_CLKINV].
The PCM_CLK frequency selection is described in Section 30.2.3.2.

PCM Slave Mode

In Slave mode, (bit MASTER = 0) PCM_FSC is input and determines the starting point of channel 0.
The repetition rate of PCM_FSC must be equal to PCM_SYNC and must be high for at least one
PCM_CLK cycle. Within one frame, PCM_FSC must be low for at least PCM_CLK cycle. Bit
PCM_FSCDEL sets the start position of PCM_FSC before or on the first bit (MSB).

In Slave mode, PCM_CLK is input. The minimum received frequency is 256 kHz, the maximum is
3.072 MHz.

In Slave mode, the main counter can be stopped and resumed on a PCM1_FSC or PCM2_FSC
rising edge.
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Figure 69: PCM Interface Formats
I12S Formats
The digital audio interface supports I12S mode, Left Justified mode, Right Justified mode, and TDM
mode.
I2S mode

To support 12S mode, the MSB of the right channel is valid on the second rising edge of the bit clock
after the rising edge of the PCM_FSC, and the MSB of the left channel is valid on the second rising
edge of the bit clock after the falling edge of the PCM_FSC, as shown in Figure 70.

Settings for 12S mode:

e PCM_FSC_EDGE: 1 (all after PCM_FSC)

e PCM_FSCLEN: 4 (4x8 High, 4x8 Low)

e PCM_FSC DEL: 0 (one bit delayed)

e PCM_CLK_INV: 1 (output on falling edge)

e PCM_CH_DEL: 0 (no channel delay)

e PCM_CLK BIT: 0 (one clock cycle per data bit)
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PCM_FSC j Right channel data | < Left channel data »
PCM_DO

Figure 70: I12S Mode

PCM_DI

TDM mode

A time is specified from the normal “start of frame” condition using register bits PCM_CH_DEL. In the
left justified TDM example illustrated in Figure 71, the left channel data is valid PCM_CH_DEL clock
cycles, after the rising edge of the PCM_FSC, and the right channel data is valid the same
PCM_CH_DEL number of clock cycles after the falling edge of the PCM_FSC.

By delaying the channels, left and right alignment can also be achieved.
Settings for TDM mode:

e PCM_FSC_EDGE: 1 (rising and falling PCM_FSC)

e PCM_FSCLEN: Master 1 to 4
Slave waiting for an edge.

e PCM_FSC_DEL: 1 (no bit delay)
e PCM_CLK INV: 1 (output on falling edge)
e PCM_CHO _DEL: Slave 1-3 (8/16/24bits offset)
Master 1-3
PCM_CLK | | | | | ]
PCM_FSC Right channel data ‘ Left channel data
D ‘ c
offset
< > ff
PCM—DO 1 N-2 }—‘ 1 ‘ 0 ‘ <°—59t>‘ N-1 N-2 }—‘ 1 ‘ 0 ‘
PCM_DI ‘ N-1 ‘ N-2 }—‘ 1 ‘ 0 ‘ ‘ N-1 ‘ N-2 1 ‘ 0 ‘

Figure 71: TDM Mode (Left Justified Mode)

Note that offset is always in multiples of eight.

30.2.4 PDM Interface

The PDM comprises two signals, namely the DATA, and the CLK, and supports stereo streams.
PDM_DATA is encoded so that the left channel is clocked in on the falling edge of CLK and the right
channel is clocked on the rising edge of PDM_CLK as shown in Figure 72.

The interface supports MEMS microphone sleep mode by disabling the PDM_CLK. The PDM
interface signals can be mapped on any GPIO by programming PID = 32 and PID = 33 for DATA and
CLK respectively in the Px_yz_ MODE_REG.
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Figure 72: PDM Mono/Stereo Formats
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Figure 73: SRC PDM Input Transfer Function

Note that the audio quality degrades when the oversampling ratio is less than 64. For an 8 kHz
sample rate, the minimum recommended PDM clock rate is 64 x 8 kHz = 512 kHz.

30.2.5 DMA Support

If more than one sample needs to be transferred to or from the CPU, or the sample rate is so high
that it interrupts the CPU too often, the DMA controller must be engaged to perform the transactions.
Three channels are reserved in the DMA to support the PCM, the SRC (IN), and the SRC (OUT)
directions.

30.2.6 Interrupts

After a Sample Rate Conversion, the input up-sampler and output down-sampler, generate edge
triggered interrupts on SRC_IN_SYNC and SRC_OUT_SYNC to the CPU which do not have to be
cleared. Note that only one sample shall be read from or written to a single register at a time (there
are no FIFOs included).
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30.3 Programming
There is a simple sequence of steps that needs to be followed to configure the Audio Unit:
1. Configure the GPIOs functionality used for the PDM and PCM I/F by writing the appropriate
Px_yy MODE_REGIPID] = 40,41 (PDM) and 36-39 (PCM).
2. Configure the GPIOs direction (Px_yy MODE_REG[PUPD]).
3. Configure PDM I/F:
a. Configure as Master by setting the PDM_DIV_REG[PDM_MASTER_MODE] bit.
b. Set PDM clock divider (PDM_DIV_REG[PDM_DIV]).
c. Enable PDM (internal) block clock (PDM_DIV_REG[CLK_PDM_EN]).
4. Configure PCM I/F:
Select the clock source (PCM_DIV_REG[PCM_SRC_SEL])).
Setup PCM clock division (PCM_DIV_REG[PCM_DIV], PCM_FDIV_REG).
Enable the clock (master mode) by setting the PCM_DIV_REG[CLK_PCM_EN] bit.
Disable PCM (PCM1_CTRL_REG[PCM_EN] = 0).
Set PCM Framesync divider (PCM1_CTRL_REG[PCM_FSC_DIV]).
(PCM1_CTRL_REG[PCM_FSC_EDGE)).
Set channel delay in multiples of 8 bits (PCM1_CTRL_REG[PCM_CH_DEL]).
Set the number of clock cycles per data bit (PCM1_CTRL_REG[PCM_CLK_BIT]).
Set polarity of PCM FSC (PCM1_CTRL_REG[PCM_FSCINV]).
Set polarity of PCM CLK(PCM1_CTRL_REG[PCM_CLKINVY]).
Set PCM DO output mode (PCM1_CTRL_REG[PCM_PPOD]).
Set PCM FSC start time (PCM1_CTRL_REG[PCM_FSCDEL)).
. Set PCM FSC data length (PCM1_CTRL_REG[PCM_FSCLEN]).
. Set PCM in Master mode (PCM1_CTRL_REG[PCM_MASTER] = 1).
5. Configure the Sample Rate Converter:
a. Setthe SRC clock divider (SRC_DIV_REG[SRC_DIV]).
b. Enable the SRC block clock by setting the SRC_DIV_REG[CLK_SRC_EN] bit.

c. Select the SRC input Up Sampling IIR filters setting according to the sample rate
(SRC1_CTRL_REG[SRC_IN_DS])).

Configure the SRC input sample rate (SRC1_IN_FS_REG).

e. Select the SRC output Up Sampling IIR filters setting according to the sample rate
(SRC1_CTRL_REG[SRC_OUT_US])).

f. Configure the SRC output sample rate (SRC1_OUT_FS REG).
g. Selectthe PDM as input to SRC (APU_MUX_REG[PDM1_MUX_IN] = 1).

h. Enable the SRC FIFO (SRC1_CTRL_REG[SRC_FIFO_ENABLE]) and set direction
(SRC1_CTRL_REG[SRC_FIFO_DIRECTION] = 1). Note that in stereo mode, FIFO cannot
be used.

i. Select the output to PCM (APU_MUX_REG[PCM1_MUX_IN] =1).

j-  Set APU_MUX_REG[SRC1_MUX_IN] =0.

k. Set SRC input to Automatic conversion mode (SRC1_CTRL_REG[SRC_IN_AMODE] =1).
6. Enable SRC (SRC1_CTRL_REG[SRC_EN] = 1).
7. Enable PCM (PCM1_CTRL_REG[PCM_EN] = 1).

Se@ "0 o0 o0

jg—x‘—
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31 VAD
Device DA14701 DA14705 DA14706 DA14708
Feature Availability 4 v v v

31.1 Introduction

The VAD block implements a Voice Activity Detection (VAD) engine for ultra-low power applications.
It allows the System on Chip (SoC) stay in sleep mode until enough audible energy has been sensed
to trigger an interrupt assertion and consequently wake up the rest of the SoC. It is an adaptative
solution that adapts itself to the background noise. The ratio between ambient noise and voice to be
detected is adjustable.

It operates on a low-power 32 kHz input clock and will be connected to an analog microphone that
resides externally to the SoC.

Features

m  Programmable detection parameters enabling to optimize performances for different application
requirements

m Low power operation

Parallel and Control
m—)

Analog input from Dataand | Interface
& .p > i Control
MEMS microphone
Interface _

» IRQ

Figure 74: Block Diagram of the VAD and the Digital Control Unit
31.2 Architecture

31.2.1 Voice Detection Concept

The VAD system relies on the principle of energy-based detection. The block computes both the
short-term energy (for voice signal) and the long-term energy (for ambient noise) in the voice
bandwidth (from 100 Hz to 6 kHz). The detection of a voice event occurs when the relative power
between the short-term energy and the long-term energy exceeds a programming threshold (Power
Level Sensitivity) as shown in Figure 75.

Input

Detection ﬂ

Interruption

Time

Figure 75: Voice Activity Detection Concept
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The frequency sensitivity of the long-term energy can be adjusted by setting the Background Noise
Tracking parameter. The frequency sensitivity of the short-term energy can be adjusted by setting the
Voice Tracking parameter.

These parameters allow to speed up or slow down the transient response of the energy computation,
and thus increase or lower the frequency sensitivity.

The VAD functionality is dedicated to the power saving purpose for voice detection and voice
recognition applications, enabling to wake up the recording path and the application processor.

31.2.2 System Integration

The VAD connects to an external analog microphone which must be constantly operating. The same
microphone is also connected to the chip’s PGA/AppADC which is powered off. As soon as the VAD
senses audible energy that crosses the predefined threshold, it wakes up the CPU which in turn,
enables the PGA/AppADC block to start fetching samples into RAM for further processing.

Connections between the VAD, the PGA, and the analog microphone are shown in Figure 76.

V30

DA1470x V18P

V30
o—{ }—vV30 LDO

7
N\

-
!

MIC_GND

\
/

Figure 76: VAD/AMIC/PGA Connection

The VAD and analog microphone (AMIC) are supplied with 3 V by the V30 power rail of the chip. The
PGA and the ADC are supplied with 1.8 V by the V18P rail of the chip. The PGA/AppADC supply is
DC decoupled from the VAD/AMIC supply.

The VAD circuitry resides in the Sleep power domain (PD_SLP). It also requires VDD = 0.9 V so that
the digital part of the VAD is running when the rest of the system is in sleep mode.

31.2.3 Operating Modes

The VAD block comprises three operating modes, as illustrated in Figure 77.
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Stand-by
Mode

Always Listening
Mode

SB=0
SLEEP=0

Figure 77: VAD Operating Modes
When in Stand-by-Mode, the VAD is turned off. No voice event can be detected. IRQ line is 0.

In Sleep mode, the analog part of the VAD block is powered on. No voice event can be detected
while the IRQ line is still 0. This mode allows a fast transition to Always Listening mode. It is
recommended to set the VAD in Sleep mode during the recording of AIP/AIN audio inputs on the
PGA/ADC path.

When entering Always Listening mode, IRQ is set to 0. A voice event can be detected. When a voice
event is detected, IRQ is set to 1. This interruption can be used to wake up a part of or all the
system. IRQ output is synchronized on the internal clock rising edge. The minimum amount of time
that this IRQ line is held high is 8 VAD clock cycles.

Note that the delay for the IRQ clearance mechanism depends on the input voice signal. To force the
IRQ to O for cases of the false trigger, the Sleep mode of the VAD should be used.

31.3 Programming

There is a simple sequence of steps that needs to be followed to configure and enable the VAD
block:
1. Deactivate the VAD block by setting VAD_CTRL3_REG[VAD_SB] = 1.

2. Select the clock of the VAD block by configuring CLK_CTRL_REG[VAD_CLK_SEL]. The
XTAL32k is the recommended clock for the block.

3. Set the clock division VAD_CTRL3_REG[VAD_MCLK_DIV] = 1.
4. Configure the IRQ mode in VAD_CTRL4_REG[VAD_IRQ_MODE].
5. Optional configuration:

a. Configure voice tracking, background noise tracking parameters, and power level sensitivity
in the VAD_CTRLO_REG register if needed.

b. Configure minimum delay and minimum event duration in the VAD_CTRL1_REG register if
needed.

6. Enable the VAD block by configuring the mode to always listening, by setting
VAD_CTRL3_REG[VAD_SB] = 0 and VAD_CTRL3_REG[VAD_SLEEP] =0

7. After the VAD_IRQ assertion change the mode of the VAD to sleep by setting
VAD_CTRL3_REG[VAD_SLEEP] =1
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32 12C Interface
Device DA14701 DA14705 DA14706 DA14708
v v v v

Feature Availability

3

2.1

Introduction

The 12C Interface is a programmable control bus that provides support for the communication link

between Integrated Circuits in a system. It is a simple two-wire bus with a software-defined protocol
for system control, which is used in temperature sensors and voltage level translators to EEPROMS,
general-purpose I/O, A/D, and D/A converters. It comprises 32 levels deep buffers in both directions.

The DA1470x comprises three instances of the 12C Controller namely 12C, 12C2, and 12C3.

F

eatures

Two-wire 12C serial interface consists of a serial data line (SDA) and a serial clock (SCL)
Three speeds are supported:
o Standard mode (0 to 100 kbit/s)
o Fast mode (<= 400 kbit/s)
O High Speed mode (<= 3.4 Mbit/s)
Clock synchronization
32 locations deep transmit/receive FIFOs (32 x 8-bit Rx, 32 x 10-bit Tx)
Master transmit, Master receive operation
7-bit or 10-bit addressing
7-bit or 10-bit combined format transfers

Bulk transmit mode

Default slave address of 0x055
Interrupt or polled-mode operation
Handles Bit and Byte waiting at both bus speeds
Programmable SDA hold time

DMA support

32.2 Architecture

The 12C Controller block diagram is shown in Figure 78.

12C
AMBA Bus Register Fil Slave State Master State
Interface Unit e = Machins Machine
Clock

Genarator Rx Shift Tx Shife Rx Filter

Interrupt

Toggle Synchronizer Controller

RX FIFO TX FIFO

Datasheet

Figure 78: 12C Controller Block Diagram
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It contains the following subblocks:

AMBA Bus Interface Unit. Interfacing via the APB-32 slow interface to access the register file
Register File. Contains the configuration registers and is the software interface of the block
Slave State Machine. Follows the 12C protocol for a slave device

Master State Machine. Generates the 12C protocol for the master transfers

Clock Generator. Calculates the required timing to do the following:

o0 Generate the SCL clock when configured as a master

o Check for bus idle

o Generate a START and a STOP

o Setup the data and hold the data

Rx Shift. Takes data into the design and extracts it in byte format

Tx Shift. Presents data supplied by CPU for transfer on the 12C bus

Rx Filter. Detects the events in the bus; for example, start, stop and arbitration lost

Toggle. Generates pulses on both sides and toggles to transfer signals across clock domains
Synchronizer. Transfers signals from one clock domain to another

Interrupt Controller. Generates the raw interrupt and interrupt flags, allowing them to be set and
cleared

e RXFIFO/TX FIFO. Holds the RX FIFO and TX FIFO register banks and controllers, along with
their status levels

32.2.1 12C Behavior

The 12C can be controlled (through software) to be either an 12C master only, communicating with
other I12C slaves, or an 12C slave only, communicating with one or more 12C masters.

The master is responsible for generating the clock and controlling the transfer of data. The slave is
responsible for transmitting or receiving data to and from the master. Data acknowledgment is sent
by the device that receives data, which can be master or slave. The 12C protocol allows multiple
masters to reside on the 12C bus. It uses an arbitration procedure to determine bus ownership.

Each slave has a unique address that is determined by the system designer. When a master wants
to communicate with a slave, the master transmits a START/RESTART condition that is then
followed by the slave’s address and a control bit (R/W) to determine if the master wants to transmit
data or receive data from the slave. The slave then sends an acknowledge pulse (ACK) after the
address.

If the master (master-transmitter) is writing to the slave (slave-receiver), the receiver gets one byte of
data. This transaction continues until the master terminates the transmission with a STOP condition.
If the master is reading from a slave (master-receiver), the slave transmits (slave-transmitter) a byte
of data to the master, and the master then acknowledges the transaction with the ACK pulse. This
transaction continues until the master terminates the transmission by not acknowledging (NACK) the
transaction after the last byte is received, and then the master issues a STOP condition or addresses
another slave after issuing a RESTART condition. This behavior is illustrated in Figure 79.

iy o o PorR
SDA, || | MsB | (... | LsB | ACK | \ [ [ AcK] i
: from slave from receiver
s ST 2] [T [%] J¥] [T]_Jz] _[39] [o] _ [FoP
R L
START or Byte Complete  SCL held low STOP AND
RESTART Interrupt within ~ While servicing RESTART
Condition Slave interrupts Condition
Figure 79: Data Transfer on the 12C Bus
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The I12C is a synchronous serial interface. The SDA line is a bidirectional signal and changes only
while the SCL line is low, except for STOP, START, and RESTART conditions. The output drivers
are open-drain or open-collector to perform wire-AND functions on the bus. The maximum number of
devices on the bus is limited by only the maximum capacitance specification of 400 pF. Data is
transmitted in byte packages.

32211 START and STOP Generation

When operating as an I12C master, putting data into the transmit FIFO causes the 12C Controller to
generate a START condition on the I12C bus. Writing a “1” to 12C_DATA_CMD_REG[9] causes the
I2C Controller to generate a STOP condition on the 12C bus; a STOP condition is not issued if this bit
is not set, even if the transmit FIFO is empty.

When operating as a slave, the 12C Controller does not generate START and STOP conditions, as
per the protocol. However, if a read request is made to the 12C Controller, it holds the SCL line low
until read data has been supplied to it. This stalls the 12C bus until read data is provided to the slave
I12C Controller, or the I12C Controller slave is disabled by writing a 0 to 12C_ENABLE.

32.2.1.2 Combined Formats

The 12C Controller supports mixed read and write combined format transactions in both 7-bit and 10-
bit addressing modes.

The 12C Controller does not support mixed address and mixed address format — that is, a 7-bit
address transaction followed by a 10-bit address transaction or vice versa — combined format
transactions.

To initiate combined format transfers, 12C_CON.I12C_RESTART_EN should be set to 1. With this
value set and operating as a master, when the 12C Controller completes an 12C transfer, it checks
the transmit FIFO and executes the next transfer. If the direction of this transfer differs from the
previous transfer, the combined format is used to issue the transfer. If the transmit FIFO is empty
when the current 12C transfer completes, a STOP is issued, and the next transfer is issued following
a START condition.

32.2.2 12C Protocols

The 12C Controller has the following protocols:
START and STOP Conditions

Addressing Slave Protocol

Transmitting and Receiving Protocol
START BYTE Transfer Protocol

32.2.2.1 START and STOP Conditions

When the bus is idle, both the SCL and SDA signals are pulled high through external pull-up resistors
on the bus. When the master wants to start transmission on the bus, the master issues a START
condition. This is defined to be a high-to-low transition of the SDA signal while SCL is 1. When the
master wants to terminate the transmission, the master issues a STOP condition. This is defined to
be a low-to-high transition of the SDA line while SCL is 1. Figure 80 shows the timing of the START
and STOP conditions. When data is being transmitted on the bus, the SDA line must be stable when
SCL is 1.
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Figure 80: START and STOP Conditions
NOTE

The signal transitions for the START/STOP conditions, as depicted in Figure 80, reflect those observed at the
output signals of the Master driving the 12C bus. Care should be taken when observing the SDA/SCL signals
at the input signals of the Slave(s), because unequal line delays may result in an incorrect SDA/SCL timing
relationship.

32.2.2.2  Addressing Slave Protocol
There are two address formats: 7-bit address format and 10-bit address format.
7-bit Address Format

During the 7-bit address format, the first seven bits (bits 7:1) of the first byte set the slave address
and the LSB bit (bit 0) is the R/W bit as shown in Figure 81. When bit 0 (R/W) is set to 0, the master
writes to the slave. When bit 0 (R/W) is set to 1, the master reads from the slave.

MSB LSB

S | A6| A5 | A4 | A3 | A2| A1 | A0 | RW|ACK

|
| | sent by slave
Slave Address

S = START condition ACK = Acknowledge R/W = Read/Write Pulse

Figure 81: 7-bit Address Format

10-bit Address Format

During 10-bit addressing, two bytes are transferred to set the 10-bit address. The transfer of the first
byte contains the following bit definition. The first five bits (bits 7:3) notify the slaves that this is a 10-
bit transfer followed by the next two bits (bits 2:1), which set the slaves address bits 9:8, and the LSB
bit (bit 0) is the R/W bit. The second byte transferred sets bits 7:0 of the slave address. Figure 82
shows the 10-bit address format, and Table 176 defines the special purpose and reserved first byte
addresses.
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s|1|1|1]|1|'0|A9|A8|R/W|ACK|A7|A6| A5| A4| A3| A2| A1| A0| ACK
I I | |

Reserved for 10-bit sent by slave sent by slave
Address
S = START condition
R/W = Read/Write Pulse
ACK = Acknowledge

Figure 82: 10-bit Address Format

Table 176: 12C Definition of Bits in First Byte

Slave Address R/W Bits | Description

0000 000 0 General Call Address. 12C Controller places the data in the receive buffer
and issues a General Call interrupt

0000 000 1 START byte. For more details, refer to “START BYTE Transfer Protocol”
0000

0000 001 X CBUS address. 12C Controller ignores these accesses

0000 010 X Reserved

0000 011 X Reserved

0000 1XX X High-speed master code (for more information, refer to “Multiple Master
Arbitration”

1111 1XX X Reserved

1111 0XX X 10-bit slave addressing

The 12C Controller does not restrict you from using these reserved addresses. However, if you use
these reserved addresses, you may run into incompatibilities with other 12C components.

32.2.2.3  Transmitting and Receiving Protocols

The master can initiate data transmission and reception to/from the bus, acting as either a master-
transmitter or master-receiver. A slave responds to requests from the master to either transmit data
or receive data to/from the bus, acting as either a slave-transmitter or slave-receiver, respectively.

Master-Transmitter and Slave-Receiver

All data is transmitted in byte format, with no limit on the number of bytes transferred per data
transfer. After the master sends the address and R/W bit or the master transmits a byte of data to the
slave, the slave-receiver must respond with the acknowledge signal (ACK). When a slave-receiver
does not respond with an ACK pulse, the master aborts the transfer by issuing a STOP condition.
The slave must leave the SDA line high so that the master can abort the transfer.

If the master-transmitter is transmitting data as shown in Figure 83, then the slave-receiver responds
to the master-transmitter with an acknowledge pulse after every byte of data is received.
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For 7-bit Address

S | Slave Address | R/W |A | DATA |A| DATA |A/A| P

|
‘0" (write)
For 10-bit Address

g | Slave Address | o4y | o | Slave Address | A | hata |a/al P

First 7 bits Second Byte
T I
“11110xxx’ ‘0" (write)

A = Acknowledge (SDA low)

A = No Acknowledge (SDA high)
S = START Condition

P = STOP Condition

D From Master to Slave

D From Slave to Master

Figure 83: Master-Transmitter Protocol

Master-Receiver and Slave-Transmitter

If the master is receiving data as shown in Figure 84 then the master responds to the slave-
transmitter with an acknowledge pulse after a byte of data has been received, except for the last
byte. This is the way the master-receiver notifies the slave-transmitter that this is the last byte. The
slave-transmitter relinquishes the SDA line after detecting the No Acknowledge (NACK) so that the
master can issue a STOP condition.

When a master does not want to relinquish the bus with a STOP condition, the master can issue a
RESTART condition. This is identical to a START condition except it occurs after the ACK pulse. The
master can then communicate with the same slave or a different slave.

For 7-bit Address

S | Slave Address | R/W | A| DATA |A| DATA |A| P

|
1" (read)

For 10-bit Address

s Slave Address rRW A Slave Address | , Sr Slave Address rRWlAlDATAl Al P

First 7 bits Second Byte First 7 bits
1 I | |
"11110x0¢ 0" (wnte) 1111 0xxx” 1" (read)
] From Master to Siave A = Acknowledge (SDA low) R = RESTART Condition

A = No Acknowledge (SDA high) P = STOP Condition

Fi ve as
[ From Stave to, Master S = START Condition

Figure 84: Master-Receiver Protocol

START BYTE Transfer Protocol

The START BYTE transfer protocol is set up for systems that do not have an onboard dedicated 12C
hardware module. When the 12C Controller is addressed as a slave, it always samples the 12C bus at
the highest speed supported so that it never requires a START BYTE transfer. However, when 12C
Controller is a master, it supports the generation of START BYTE transfers at the beginning of every
transfer in case a slave device requires it. This protocol consists of seven zeros being transmitted
followed by a 1, as illustrated in Figure 85. This allows the processor that is polling the bus to under-
sample the address phase until O is detected. Once the microcontroller detects a 0, it switches from
the under-sampling rate to the correct rate of the master.
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s | o ACK | sr |
I |< start byte 00000001 >! L

Figure 85: START BYTE Transfer

The START BYTE procedure is as follows:

1. Master generates a START condition.
2. Master transmits the START byte (0000 0001).

3. Master transmits the ACK clock pulse. (Present only to conform with the byte handling format
used on the bus)

4. No slave sets the ACK signal to 0.
5. Master generates a RESTART (Sr) condition.

A hardware receiver does not respond to the START BYTE because it is a reserved address and
resets after the RESTART condition is generated.

32.2.3 Multiple Master Arbitration

The 12C Controller bus protocol allows multiple masters to reside on the same bus. If there are two
masters on the same 12C-bus, there is an arbitration procedure if both try to take control of the bus at
the same time by generating a START condition at the same time. Once a master (for example, a
microcontroller) has control of the bus, no other master can take control until the first master sends a
STOP condition and places the bus in an idle state.

Arbitration takes place on the SDA line, while the SCL line is 1. The master, which transmits a 1
while the other master transmits 0, loses arbitration and turns off its data output stage. The master
that lost arbitration can continue to generate clocks until the end of the byte transfer. If both masters
are addressing the same slave device, the arbitration could go into the data phase. Figure 86
illustrates the timing of when two masters are arbitrating on the bus.

For high-speed mode, the arbitration cannot go into the data phase because each master is
programmed with a unique high-speed master code. This 8-bit code is defined by the system
designer and is set by writing to the High-Speed Master Mode Code Address Register,
I2C_HS_MADDR. Because the codes are unique, only one master can win the arbitration, which
occurs by the end of the transmission of the high-speed master code.

Control of the bus is determined by address or master code and data sent by competing masters, so
there is no central master or any order of priority on the bus.

Arbitration is not allowed between the following conditions:
e A RESTART condition and a data bit

e A STOP condition and a data bit
e A RESTART condition and a STOP condition

Slaves are not involved in the arbitration process.
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Figure 86: Multiple Master Arbitration

32.2.4 Clock Synchronization

When two or more masters try to transfer information on the bus at the same time, they must
arbitrate and synchronize the SCL clock. All masters generate their own clock to transfer messages.
Data is valid only during the high period of the SCL clock. Clock synchronization is performed using
the wired-AND connection to the SCL signal. When the master transitions the SCL clock to 0, the
master starts counting the low time of the SCL clock and transitions the SCL clock signal to 1 at the
beginning of the next clock period. However, if another master is holding the SCL line to 0, then the
master goes into a HIGH wait state until the SCL clock line transitions to 1.

All masters then count off their high time, and the master with the shortest high time transitions the
SCL line to 0. The masters then count out their low time. The one with the longest low time forces the
other master into a HIGH wait state. Therefore, a synchronized SCL clock is generated, which is
illustrated in Figure 87. Optionally, slaves may hold the SCL line low to slow down the timing on the
12C bus.

Wait State

;Q—P; Start counting HIGH period

o I
CLK343-|_ : |— —————
SCL L—I— —————

SCL LOW transition | SCL transitions HIGH
Resets all CLKs to start | when all CLKs are in HIGH state
counting their LOW periods !

CLKA,

Figure 87: Multiple Master Clock Synchronization
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32.3 Programming

There is a simple sequence of steps that needs to be followed to configure and use the 12C
Controllers:
1. Set up the GPIOs to be used for the 12C interface (Px_yy_MODE_REGIPID]).

2. Configure 12C clock frequency.
For CLK_SNC_REG[I2Cx_CLK_SEL] = 0 (DivN clock):

a. Standard mode (100 kbit/s): I2Cx_CON_REG[I2C_SPEED] = 1.

b. Full speed mode (400 kbits/s): I2Cx_CON_REG[I2C_SPEED] = 2.

c. High speed mode (1 Mbit/s): 12Cx_CON_REGJ[I2C_SPEED] = 3.
3. Set up the Controller as:

a. Master: 12Cx_CON_REG[I2C_MASTER_MODE] = 1 and
I2Cx_CON_REG[I2C_SLAVE_DISABLE] = 1.

b. Slave: I2Cx_CON_REG[I2C_MASTER_MODE] = 0 and
I2Cx_CON_REG[I2C_SLAVE_DISABLE] = 0.

4. Choose whether the controller starts its transfers in 7 or 10-bit addressing mode when acting as a
master (I2Cx_CON_REG[I12C_10BITADDR_MASTER]) or when acting as a slave, whether the
controller responds to 7- or 10-bit addresses (I12Cx_CON_REGJ[I2C_10BITADDR_SLAVE]).

5. Settarget slave address in:

a. Master mode (I2Cx_TAR_REGI[IC_TAR] = 0x55 (default)).

b. Slave mode (I2Cx_SAR_REG[IC_SAR] = 0x55 (default)).

Set threshold level on RX and TX FIFO (12Cx_RX_TL_REG, 12Cx_TX_TL_REG).

Enable the required interrupts (I2Cx_INTR_MASK_REG).

Enable the I2C Controller by setting the 12Cx_ENABLE_REGJ[I12C_EN] bit.

Read a byte:

a. Prepare to transmit the read command byte (12Cx_DATA_CMD_REG[I2C_CMD] = 1).
b. Wait until TX FIFO is empty (12Cx_STATUS_REG[TFE] = 1).

c. Wait until the master has finished reading the byte from the slave device
(12Cx_STATUS_REG[MST_ACTIVITY] = 0).

10. Write a byte:

a. Prepare to transmit the write command byte (12Cx_DATA_CMD_REG[I2C_CMD] = 0 and
12Cx_DATA_CMD_REG[I2C_DAT] = command byte).

b. Wait until TX FIFO is empty (I12Cx_STATUS_REG[TFE] = 1).
Wait until the master has finished reading the response byte from the slave device
(12Cx_STATUS_REG[MST_ACTIVITY] = 0).
11. Stop using and disable the controller:
a. Define a timer interval (ti2c_poll) equal to the 10 times the signaling period for the highest 12C
transfer speed used in the system. For example, if the highest 12C transfer mode is 400 kb/s,
then this ti2c_poll is 25 ps.

b. Define a maximum time-out parameter, MAX_T_ POLL_COUNT, such that if any repeated
polling operation exceeds this maximum value, an error is reported.

c. Execute a blocking thread/process/function that prevents any further 12C master transactions
to be started by software but allows any pending transfers to be completed (poll
I2C_ENABLE_STATUS_REG).

The variable POLL_COUNT is initialized to zero.
Set bit 0 of the I2C_ENABLE_REG register to 0.

f. Read the IC_ENABLE_STATUS register and test the IC_EN bit (bit 0). Increment
POLL_COUNT by one. If POLL_COUNT >= MAX_T_POLL_COUNT, exit with the relevant
error code.

© ©® N
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g. IfI2C_ENABLE_STATUS REG]JO0] is 1, then sleep for ti2c_poll and proceed to the previous
step. Otherwise, exit with a relevant success code.

Datasheet Revision 3.2 10-Nov-2022

CFR0011-120-00 271 of 1019 © 2022 Renesas Electronics



RENESAS

Multi-Core Wireless SoC Family with PMUandGPU ~ Final

33 13C Interface

Device DA14701 DA14705 DA14706 DA14708
Feature Availability v v v v

33.1 Introduction

The I3C Interface is a programmable control bus that provides support for the communications link

between Integrated Circuits in a system. It is a simple two-wire bus with a software-defined protocol
for system control, which is used in temperature sensors and voltage level translators to EEPROMS,
general-purpose I/O, A/D, and D/A converters. It comprises 32 levels deep buffers in both directions.

Features

Two-wire 13C serial interface is backward compatible with 12C

Maximum Speed 12.5 Mb/s

Clock synchronization

32 locations deep transmit/receive FIFOs (32 x 32-bit Rx, 32 x 32-bit Tx)
In-band interrupt (I1BI) with slave address

Master mode only

SDR mode only

DMA support (by using the general-purpose DMA engine)

33.2 Architecture

The I3C Controller block diagram is shown in Figure 78.

>
(]
>
. 9 e >
Registers 3
Control 2 ARA] Transaction
5 RAM Control
<>  Access
Control @
<«

Single Port

I3C core

Figure 88: I3C Controller Block Diagram
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It contains the following subblocks:
Slave Interface Module

The Slave interface module converts the APB transactions to the generic register interface to interact
with the register block.

Register Control Block Module

The Register Control block contains all the 13C registers. All registers in the block are 32-bit wide.
The register interface in 13C is used to program the controller for different bus modes, timing
parameters, and enabling/disabling of interrupts.

The register interface is also used for the transmission of command and Tx-data to the controller and
reception of Rx-data, IBI-data, and response from the controller.

The Register Control block supports port registers, which are mapped to either FIFO's or Queue's
present in the I3C controller.

Interrupt Controller Module

The Interrupt controller module enables the interrupts as a single pin. Interrupts are generated and
cleared based on the Interrupt Register settings.

DMA Handshake Interface Module

The DMA handshake interface module is responsible for the assertion and de-assertion of the DMA
handshake interface, based on the occupancy levels of Tx-FIFO and Rx-FIFO's. This interface is
used for accessing the 13C block through the GP-DMA of the system.

Async Queue Block

The Async queue block consists of each asynchronous queue for the Data Buffers and Queues to
maintain coherency between the Slave interface clock and core clock.

RAM Access Control

The RAM access control block performs an arbitration role for the data to be communicated between:
e Data Router and SPRAM

e APB interface and SPRAM

Packet Router Block

Packet router block performs the packing and unpacking of data between the transaction layer and
the RAM access control block. Data that comes as separate bytes is packaged and written to the
RAM access control that supports four-byte data. Similarly, data transmitted from RAM access
control (four-byte data) is unpacked to separate bytes or words, as required by the transaction layer.

Transaction Control Module

The Transaction Control block is a state machine that controls both transmit and receive operations
in the current Master mode of I3C. This module instructs the transmit and receive control blocks to
operate based on commands from the application interface or in-band interrupt from the slaves.

Transmit Control and Receive Control Blocks

The Transmit Control and Receive Control blocks are used to control protocol-related transmit or
receive signals (including timing signals) for Master and Slave, and for arbitration loss checks.

Bus Monitor
The Bus Monitor block is responsible to handle the following:

e |BI Start and HDR-TS Turnaround detection
® Bus-free (in Master mode)
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33.2.1 Bus Configuration
Three different bus configurations are supported by the Master I3C interface:

e Pure 13C bus: Configuration with only 13C devices present on the bus

e Mixed Fast Bus: Configuration with both I3C devices and Legacy 12C Slaves present on the bus.
In this case, the legacy I12C Slaves are restricted to the ones that are generally permissible (that
is Slave-only, no clock stretching, and that have a true 12C 50 ns glitch filter on SCL)

e Mixed Slow/Limited Bus: Configuration with both 13C devices and legacy 12C Slaves present on
the bus. In this case, the legacy 12C Slaves are restricted to the ones that are selectively
backward compatible with the 12C standard (that is, Slave-only and no clock stretching); but
these do not have a true 50 ns glitch filter on SCL

In a Mixed bus configuration, the maximum possible data rate with I3C devices depends on the
compliance of the I12C Slave as defined by the 12C Specification. The maximum data rate as
specified in I3C Specification is possible only if all 12C slaves have the 50 ns spike filter on SCL.

In the absence of spike filters or if the presence of filter is unknown, the maximum data rate is limited
to only FM or FM+, even for I3C devices (as per the I3C specification). 12C Slaves are not allowed to
extend the clock.

33.3 Programming

There is a simple sequence of steps that needs to be followed to configure the 13C controller:

1. Setupthe P1_11 and P1_12 GPIOs to be used for the 13C interface (P1_11 MODE_REG|PID] =
32 and P1_12_MODE_REGIPID] = 31).

2. Configure 13C clock frequency:

a. Select the clock source (Divl or DivN) for the 13C controller by setting the
CLK_SNC_REG]II3C_CLK] register.

b. Enable the input clock in the 13C controller by setting the CLK_SNC_REG[I3C_ENABLE]
register.

3. Disable the I3C controller by setting I3C_DEVICE_CTRL_REG[ENABLE] =0
4. |Initialize the I3C controller in Master mode:
a. Program the timing register depending on the speed of operation:

i. For I3C operation the I3C_SCL_I3C_* registers should be configured. For maximum
throughput in I3C mode (12.31Mbps) the PLL160M clock should be selected as Divl
(sys_clk) and the following values should be configured:

-I13C_SCL_I3C_PP_TIMING_REG[I3C_PP_LCNT] =6
-13C_SCL_I3C_PP_TIMING_REGI[I3C_PP_HCNT] =7
ii. For 12C operation the I3C_SCL_I2C_* registers should be configured

b. Configure the data buffer threshold controller register
(I3C_DATA BUFFER_THLD_CTRL_REG) and the queue threshold control register
(I3C_QUEUE_THLD_CTRL_REG).

c. Configure the acknowledge support for hot-join devices
(I3C_DEVICE_CTRL_REG[HOT_JOIN_CTRL] and broadcast I3C address support
(I3C_DEVICE_CTRL_REGIIBA_INCLUDE]) if needed.

d. Enable the required fields for the interrupts by setting the I3C_INTR_SIGNAL_EN_REG and
I3C_INTR_STATUS_EN_REG registers.

e. Configure the device address table register based on the number of devices connected on
the bus and set the slave static address and if it is a legacy 12C device or not in the
I3C_DEV_ADDR_TABLE_LOC1_REG register.

5. Enable the I13C controller (I3C_DEVICE_CTRL_REG[ENABLE] = 1) and wait until the controller
enters the idle state (I3C_PRESENT_STATE_REG[MASTER_IDLE] = 1).

6. Read a byte:
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e.

Send the transfer argument (CMD_ATTR = 1) or short data argument (CMD_ATTR = 2)
followed by the RnW bit set to zero for writing/addressing the internal slave’s memory space
(I3C_COMMAND_QUEUE_PORT_REG).

Send the transfer argument (CMD_ATTR = 1) by specifying the number of bytes to read from
the slave device (I3C_COMMAND_QUEUE_PORT_REG).

Send the transfer command (CMD_ATTR = 0) with the RnW bit set to one for reading from
the slave device (I3C_COMMAND_QUEUE_PORT_REG).

Polling the interrupt receive buffer to see if there is data in the RX FIFO of the I3C controller
(IBC_INTR_STATUS_REG[RX_THLD_STS] = 1).
Read incoming data from the RX FIFO (I3C_RX_TX DATA PORT_REG)

7. Write a byte:

a. For transfers with data payload, send the transfer argument (CMD_ATTR = 1) or short data
argument (CMD_ATTR = 2) based on the number of bytes followed by the transfer command
(CMD_ATTR = 0) with the RnW bit set to zero (I3C_COMMAND_QUEUE_PORT_REG).

b. Wait for the transfer to compete by polling the response ready status bit
(I3C_INTR_STATUS_REG[RESP_READY_STS] =1).

c. Read the response and check that is error-free (I3C_RESPONSE_QUEUE_PORT_REG).

d. Wait for the controller to be in the IDLE state
(I3C_PRESENT_STATE_REG[CM_TFR_ST_STS] =0).
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34 UART
Device DA14701 DA14705 DA14706 DA14708
Feature Availability v v v v

34.1 Introduction
The DA1470x contains three instances of this block: UART, UART2, and UARTS3.

The UART block is compliant to industry-standard 16550 and is used for serial communication with a
peripheral. Data is written from a master (CPU) over the APB bus to the UART. It is converted to
serial form and transmitted to the destination device. Serial data is also received by the UART and
stored for the master (CPU) to read back.

There is also DMA support on the UART block, so the internal FIFOs can be used. UART2 and
UART3 support hardware flow control signals (RTS, CTS).

Features

m Dedicated 16 bytes Transmit and 16 bytes Receive FIFO for each UART

Hardware flow control and 9-bit mode support (CTS/RTS, UARTZ2, and UART?3)

Shadow registers reduce software overhead and include a software programmable reset
Transmitter Holding Register Empty (THRE) interrupt mode

Functionality based on the 16550 industry standard:

o Programmable character properties, such as the number of data bits per character (5-8)
o Optional parity bit (with odd or even select) and number of stop bits (1, 1.5, or 2)

O Line break generation and detection

O Prioritized interrupt identification

m  Programmable serial data baud rate as calculated by the following: baud rate = (serial clock
frequency)/(16 x divisor) and the fractional part UART_DLF/16

m [SO7816 support (UART?3)
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Figure 89: UART Block Diagram

34.2 Architecture

34.2.1 UART (RS232) Serial Protocol

Because the serial communication between the UART and the selected device is asynchronous,
additional bits (start and stop) are added to the serial data to indicate the beginning and end. Utilizing
these bits allows two devices to be synchronized. This structure of serial data accompanied by start
and stop bits is referred to as a character, as shown in Figure 90.

Bit Time
« One Character. »

Figure 90: Serial Data Format

An additional parity bit may be added to the serial character. This bit appears after the last data bit,
but before the stop bit(s) in the character structure. It provides the UART with the ability to perform
simple error checking on the received data.

The UART Line Control Register (UART_LCR_REG) is used to control the serial character
characteristics. The individual bits of the data word are sent after the start bit, starting with the least
significant bit (LSB). These are followed by the optional parity bit, followed by the stop bit(s), which
canbe 1, 1.5, or 2.

All the bits in the transmission (with exception of the half-stop bit when 1.5 stop bits are used) are
transmitted for the same time duration. This is referred to as a Bit Period or Bit Time. One Bit Time
equals 16 baud clocks. To ensure stability on the line, the receiver samples the serial input data at
approximately the mid-point of the Bit Time, after the start bit has been detected. As the exact
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number of baud clocks that each bit was transmitted for is known, calculating the mid-point for
sampling is not difficult, that is every 16 baud clocks after the mid-point sample of the start bit. Figure
91 shows the sampling points of the first couple of bits in a serial character.

Serial Data In Start / Data Bt U (LSE) Data Bit 1

HHHHHHHHHHHHHHHHHHH

E >+ - >
8 16 16

Figure 91: Receiver Serial Data Sampling Points

As part of the 16550 standard, an optional baud clock reference output signal (baudout_n) is
supplied to provide timing information to receiving devices that require it. The baud rate of the UART
is controlled by the serial clock (sclk or pclk in a single clock implementation) and the Divisor Latch
Register (DLH and DLL). The registers settings for common baud rate values are presented in the
following tables.

Table 177: UART/2/3 Baud Rate Generation on DIVN

Baud Rate | Divider Divisor DLH Reg | DLL Reg DLF Reg Actual BR | Error %
(Note 1) Latch

1200 1666.667 | 1666.6875 | 6 130 11 1199.99 0.00
2400 833.333 | 833.3125 |3 65 5 2400.06 0.00
4800 416.667 | 416.6875 | 1 160 11 4799.76 0.00
9600 208.333 | 208.3125 | O 208 5 9600.96 0.01
14400 138.889 138.875 0 138 14 14401.44 0.01
19200 104.167 104.1875 0 104 3 19196.16 0.02
28800 69.444 69.4375 0 69 7 28802.88 | 0.01
38400 52.083 52.0625 0 52 1 38415.37 | 0.04
57600 34.722 34.75 0 34 12 57553.96 | 0.08
115200 17.361 17.375 0 17 6 115107.91 | 0.08
230400 8.681 8.6875 0 8 11 230215.83 | 0.08
460800 4.340 4.3125 0 4 5 463768.12 | 0.64
921600 2.170 2.1875 0 2 3 914285.71 | 0.79
1000000 2 2 0 2 0 1000000 0.00

Note 1  Values are valid for UART CLK = 32 MHz (divN_clK).

Table 178: UART/2/3 Baud Rate Generation on RCHS

Baud Rate | Divider Divisor DLH Reg | DLL Reg DLF Reg Actual BR | Error %
(Note 1) Latch

1200 5000.000 | 5000 19 136 0 1200.00 0.00

2400 2500.000 | 2500 9 196 0 2400.00 0.00

4800 1250.000 | 1250 4 226 0 4800.00 0.00

9600 625.000 | 625 2 113 0 9600.00 0.00

14400 416.667 416.6875 1 160 11 14399.28 0.00

19200 312.500 3125 1 56 8 19200.00 0.00
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Baud Rate | Divider Divisor DLH Reg | DLL Reg DLF Reg Actual BR | Error %
(Note 1) Latch
28800 208.333 | 208.3125 |0 208 5 28802.88 | 0.01
38400 156.250 | 156.25 0 156 4 38400.00 | 0.00
57600 104.167 104.1875 0 104 3 57588.48 0.02
115200 52.083 52.0625 0 52 1 115246.10 | 0.04
230400 26.042 26.0625 0 26 1 230215.83 | 0.08
460800 13.021 13 0 13 0 461538.46 | 0.16
921600 6.510 6.5 0 6 8 923076.92 | 0.16
1000000 6 6 0 6 0 1000000 0.00
3000000 2 2 0 2 0 3000000 0.00
6000000 1 1 0 1 0 6000000 0.00

Note 1  Values are valid for CLK_SNC_REG[UARTx_CLK_SEL] = 1 and sys_clk = 96 MHz. For
CLK_SNC_REG[UARTx_CLK_SEL] = 0, see Table 177.

Table 179: UART/2/3 Baud Rate Generation on PLL160M

Baud Rate | Divider Divisor DLH Reg | DLL Reg DLF Reg | Actual BR | Error %
(Note 1) Latch

1200 8333.333 | 8333.3125 | 32 141 5 1200.00 0.00
2400 4166.667 | 4166.6875 | 16 70 11 2399.99 0.00
4800 2083.333 | 2083.3125 | 8 35 5 4800.05 0.00
9600 1041.667 | 1041.6875 | 4 17 11 9599.81 0.00
14400 694.444 694.4375 2 182 7 14400.14 0.00
19200 520.833 520.8125 2 8 13 19200.77 0.00
28800 347.222 347.25 1 91 4 28797.70 0.01
38400 260.417 | 260.4375 |1 4 7 38396.93 | 0.01
57600 173.611 173.625 0 173 10 57595.39 0.01
115200 86.806 86.8125 0 86 13 115190.78 | 0.01
230400 43.403 43.375 0 43 6 230547.55 | 0.06
460800 21.701 21.6875 0 21 11 461095.10 | 0.06
921600 10.851 10.875 0 10 14 919540.23 | 0.22
1000000 10 10 0 10 0 1000000 0.00
3000000 3.333 3.3125 0 3 5 3018867.9 | 0.63
6000000 1.667 1.6875 0 1 11 5925925.9 | 1.23

Note 1  Values are valid for CLK_SNC_REG[UARTx_CLK_SEL] =1 and sys_clk = 160 MHz. For
CLK_SNC_REG[UARTX_CLK_SEL] = 0, see Table 177.

34.2.2 Clock Support

The UART has two system clocks (pclk and sclk). Having the second asynchronous serial clock
(sclk) implemented accommodates accurate serial baud rate settings, as well as APB bus interface
requirements.

With the two-clock design, a synchronization module is implemented for synchronization of all control
and data across the two system clock boundaries.
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A serial clock faster than four times the pclk does not leave enough time for a complete incoming
character to be received and pushed into the receiver FIFO. However, in most cases, the pclk signal
is faster than the serial clock and this should never be an issue.

The serial clock modules must have time to see new register values and reset their respective state
machines. This total time is guaranteed to be no more than eight clock cycles of the slower of the two
system clocks. Therefore, no data should be transmitted or received before this maximum time
expires, after the initial configuration.

34.2.3 Interrupts

The assertion of the UART interrupt (UART_INT) occurs whenever one of the several prioritized
interrupt types is enabled and active. The following interrupt types can be enabled with the IER

register:

e Receiver Error

e Receiver Data Available

e Character Timeout (in FIFO mode only)
[ J

Transmitter Holding Register Empty at/below threshold (in Programmable THRE interrupt mode)

When an interrupt occurs, the master accesses the UART_IIR_REG to determine the source of the
interrupt before dealing with it accordingly. These interrupt types are described in more detail in

Table 180.

Table 180: UART Interrupt Priorities

Interrupt ID Interrupt Set and Reset Functions
Bits [3-0] Priority | Interrupt Type Interrupt Source Interrupt Reset Control
0001 - None
0110 Highest | Receiver Line status | Overrun/parity/framing errors Reading the line status
or break interrupt register
0100 1 Receiver Data Receiver data available (non- | Reading the receiver
Available FIFO mode or FIFOs buffer register (non-FIFO
disabled) or mode or FIFOs disabled)
RCVR FIFO trigger level or the FIFO drops below
reached (FIFO mode and the trigger level (FIFO
FIFOs enabled) mode and FIFOs
enabled)
1100 2 Character timeout No characters in or out of the Reading the receiver
indication RCVR FIFO during the last buffer register
four-character times and there
is at least one character in it
during this time
0010 3 Transmitter holding Transmitter holding register Reading the IIR register
register empty empty (Prog. THRE Mode (if the source of
disabled) or XMIT FIFO at or interrupt); or, writing into
below threshold (Prog. THRE | THR (FIFOs or THRE
Mode enabled) Mode not selected or
disabled) or XMIT FIFO
above threshold (FIFOs
and THRE Mode
selected and enabled)
0000 4 Reserved - -
0111 Lowest | Busy detect Line Control Register was Reading the UART status
written while the UART is register
busy (RX or TX line is low)
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34.2.4 Programmable THRE Interrupt

The UART can be configured to have a Programmable THRE Interrupt mode available to increase
system performance.

When Programmable THRE Interrupt mode is selected, it can be enabled via the Interrupt Enable
Register (IER[7]). When FIFOs and the THRE Mode are implemented and enabled, THRE Interrupts
are active at, and below, a programmed transmitter FIFO empty threshold level, as opposed to
empty, as shown in the flowchart in Figure 92.

For the THRE interrupt to be
controfied as shown here, the
following must be trua:

- FIFO_MODE != NONE

- THRE_MODE == Enabled

- FIFOs enabled (FCR{0] = 1)

- THRE moda enabled (IER[7] = 1)

CLEAR INTR +

FIFO LEVEL > TX
Empty Trigger?

THRE Interrupt
Enabled?

Y
Under the condition that v
there are no other pending

interrupts, the intarrupt SETINTR
signal (intr) is asserted

FIFOLEVEL>T
Empty Trigger?

Figure 92: Flowchart of Interrupt Generation for Programmable THRE Interrupt Mode

This threshold level is programmed into FCR[5:4]. The available empty thresholds are: empty, 2, ¥,
and %. See UART_FCR_REG for threshold setting details. The selection of the best threshold value
depends on the system's ability to begin a new transmission sequence in a timely manner. However,
one of these thresholds should prove optimum in increasing system performance by preventing the
transmitter FIFO from running empty.

In addition to the interrupt change, Line Status Register (LSR[5]) also switches function from
indicating transmitter FIFO empty to FIFO full. This allows the software to fill the FIFO of each
transmit sequence, by polling LSR[5] before writing another character. The flow then becomes “fill
transmitter FIFO whenever an interrupt occurs and there is data to transmit” instead of waiting until
the FIFO is completely empty. Waiting until the FIFO is empty causes a performance hit whenever
the system is too busy to respond immediately.

Even if everything else is selected and enabled, if the FIFOs are disabled via FCRJ[0], the
Programmable THRE Interrupt mode is also disabled. When not selected or disabled, THRE
interrupts and LSR[5] function normally (both reflecting an empty THR or FIFO). The flowchart of
THRE interrupt generation, when not in programmable THRE interrupt mode, is shown in Figure 93.
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For the THRE interrupt to be
controlied as shown here, ons or
more of the following must be true:

- FIFO_MODE = NONE

- THRE_MODE == Disabled

- FIFOs disabled (FCR[0] == 0)

- THRE mode disabled (IER[7] == 0}

CLEAR INTR * “

THRE Interrupt
Enabled?

Under the condition that v
there are no othar pending

interrupts, the intarrupt SET INTR
signal (infr) is asserted

TX FIFO Not Empty

Figure 93: Interrupt Generation not in Programmable THRE Interrupt Mode

34.2.5 Shadow Registers

The shadow registers shadow some of the existing register bits that are regularly modified by
software. These can be used to reduce the software overhead that is introduced by having to perform
read-modify-writes.

e UART_SRBR_REG support a host burst mode where the host increments its address, but still
accesses the same Receive buffer register

e UART_STHR support a host burst mode where the host increments its address, but still
accesses the same transmit holding register

e UART_SFE_REG accesses the FCRJ[0] register without accessing the other UART_FCR_REG
bits

e UART_SRT_REG accesses the FCR[7-6] register without accessing the other UART_FCR_REG
bits

e UART_STER_REG accesses the FCR[5-4] register without accessing the other
UART_FCR_REG bits

34.2.6 Direct Test Mode

The on-chip UARTSs can be used for the Direct Test Mode required for the final product PHY layer
testing. It can be done either over the HCI layer, which engages a full CTS/RTS UART, or using a
two-wire UART directly as described in the Bluetooth® Low Energy Specification (Volume 6, Part F).

34.3 Programming

There is a simple sequence of steps that needs to be followed to configure and use the UART
controllers:

1. Set up the GPIOs to be used for the UART interface (Px_yy MODE_REGIPID]).
2. Select the UART clock (CLK_SNC_REG[UARTx_CLK_SEL]).
3. Enable the selected UART by setting the CLK_SNC_REG [UARTx_ENABLE] bit.
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Enable access to Divisor Latch Registers (DLL and DLH) by setting the
UARTx_LCR_REG[UART_DLAB] bit.

Set the desired baud rate. To calculate the registers values for the desired baud rate, use the
formula: Divisor = UART CLK / (16 x Baud rate).

a. UARTx_IER_DLH_REG: High byte of the Divisor integer part.

b. UARTXx RBR_THR_DLL_REG: Low byte of the Divisor integer part.

c. UARTx_DLF_REG: The fractional part of the Divisor.

Configure the brake control bit, parity, number of stop bits, and data length (UARTXx_LCR_REG).
Enable and configure the FIFO (UARTx_IIR_FCR_REG).

Configure the generated interrupts, if needed (UARTx_IER_DLH_REG).

Send a byte:

a. Check if Transmit Hold Register (THR) is empty (UARTx_LSR_REG[UART_THRE]).

b. Load the byte to THR (UARTx_RBR_THR_DLL_REG).

c. Check if the byte was transmitted (UARTX_LSR_REG[UART_TEMT)).

10. Receive a byte:

a. Wait until serial data is ready (UARTX_LSR_REG[UART_DR]).
b. Read the incoming byte from the THR (UARTx_RBR_THR_DLL_REG).
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35 UART3ISO 7816

Device DA14701 DA14705 DA14706 DA14708
Feature Availability 4 v v v

35.1 Introduction

The UART3 block in the DA1470x supports asynchronous protocol smartcards as defined in the ISO
7816-3 (Class B and C) standard.

Features

m ISO/IEC 7816-3 (Class B and C) complaint
m  UART Line with Flow Control Signals
m Interrupt line
m  DMA support
m An Error signal support with an indication for character repetition
m Inverse and direct convention
m  Guard time
APBi/f 1507816

APB slave
1s07816_en

1s07816_en

Uart3_tx
Uart3_rx )
1507816 N
Timer / Guart Time '507816—4>data
1s07816_en
UART3
1s07816_en 1s07816_data
(out)
ISO7816. Uart3_cts Err_signal
Clk generation GT cts
_ >

1S07816
Error Signal core

Figure 94: Smart Card (1ISO7816-3) Block Diagram

35.2 Architecture

35.2.1 1S0O7816-3 Clock Generation

The ISO7816-3 block operates on a system-based clock with a 50 % duty cycle. The clock frequency
is calculated using the formula:

Fscik / [2 * (UART3_CTRL_REG[ISO7816_CLK_DIV] + 1)]

The UART3_CTRL_REG[ISO7816_CLK_DIV] value can be updated at any time, whether the
ISO7816-3 clock is enabled or not. The operation of the clock can be checked at any given time by
polling the UART3_CTRL_REG[ISO7816_CLK_STATUS] bit and disabled by clearing the
ISO7816_CLK_EN[ISO7816_CLK_EN] bit. The UART3_CTRL_REG[ISO7816_CLK_LEVEL] reflects
the logical level of the clock while it has been disabled.
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35.2.2 1S0O7816-3 Timer — Guard Time

The ISO7816-3 block is equipped with an ISO7816-3 Timer/Guard Timer and can operate in two
modes:

e UART3 _TIMER_REG[ISO7816 _TIM_MODE] =0
The timer is clocked with the clock of the ISO7816 module and starts when
UART3_TIMER_REG[ISO7816_TIM_EN] = 1. It counts from O to
UART3_TIMER_REG[ISO7816_TIM_MAX] value. The value of the timer can be read from
UART3_TIMER_REG[ISO_TIM_MAX] register field.
At the point where the top value is reached, the timer stops and the
UART3_IRQ_STATUS_REG[ISO7816_TIM_EXPIRED_IRQ] is set. If the
UART3_CTRL_REG[ISO7816_TIM_EXPIRED_ IRQMASK] is 1, an interrupt is generated. The
interrupt is cleared when UART3_TIMER_REG[ISO7816_TIM_EN] is set.

e UART3_TIMER_REG[ISO7816_TIM_MODE] =1
The timer is clocked with the 1/16 of the UART bit clock (1/16 etu). If the UART fractional divider
has been set, the 1/16 of the UART bit clock does not have a fixed value. If the
UART3_TIMER_REG [ISO7816_TIM_EN] bit is set, the timer starts counting from 0 to
UART3_TIMER_REG[ISO_TIM_MAX] value, each time a start bit is transmitted by the UART.
If the UART3_TIMER_REG[ISO_TIM_MAX] value is set equal to 16*GuartTime-1, the timer
counts the minimum delay between the leading edges of two consecutive characters (Guard
time). If no FIFO mode and GT>12 etu, the expiration of the timer indicates that the module is
allowed to send the next character (Guard Time elapsed). If FIFO mode and GT>12 etu, the
UART3_CTRL_REG[ISO7816_AUTO_GT] bit can be set so the module will be able to send the
next character automatically each time the Guard Time is reached.

35.2.3 1S0O7816-3 Error Detection

The 1ISO7816-3 block is designed to support the functionality described in section 7.3 of the
ISO7816-3 specification document.

Transmit Phase

The transmitter checks the ISO7816 data level for 11 etu sampling time after a character’s leading
edge is detected. The module samples the data line at 11 etu time and creates two types of
interrupts:

e The ISO7816_ERR_TX_TIME_IRQ interrupt is created each time a character is sent
e The ISO7816_ERR_TX VALUE_IRQ interrupt is created each time the receiver sends an error

The software must check if an ISO7816_ERR_TX_ VALUE_IRQ interrupt is generated to retransmit
the character. The IRQs are generated at the same time.

Receive Phase

The receiver holds the data line level Low between 1 etu (minimum) and 2 etu (maximum) at 10.5 etu
time. The error detection circuit uses the UART parity check and creates an error signal to the
transmitter at the proper time. The error signal pulse width and offset can be configured using the
UART3_ERR_CTRL_REG register. Furthermore, the ISO7816-3 block can hold the UART_RXx signal
High during the error signal transmitting to prevent UART errors from happening.
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35.3 Programming

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

1.

o gk wN

9.

Set up the GPIOs to be used for the ISO7816-3 interface (Px_yy_MODE_REG[PID]). Reset
(output) and card insert (input) signals shall be configured as GPIOs (Px_yy MODE_REG|PID] =
0).

Enable UART3 by setting the CLK_SNC_REG[UART3_ENABLE] bit.

Set up UARTS3 clock (CLK_SNC_REG[UART3_CLK_SEL]).

Enable the ISO7816-3 module by setting the UART3_CONFIG_REG[ISO7816_ENABLE] bit.
Set up the 1SO7816-3 clock (UART3_CTRL_REG[ISO7816_CLK_DIV]).

Initialize UART3 as follows:

a. Configure FIFO, if needed (UART3_IIR_FCR_REG, UART3_SRT_REG,
UART3_STET_REG, UART3_SFE_REG). Note that if Error detection is enabled, the TX
FIFO shall remain disabled.

b. Configure ISO7816 convention.

Select data length (UART3_LCR_REG[UART_DLS]):

a. Select the number of stop bits (UART3_LCR_REG[UART_STOP]).
b. Enable/disable parity (UART3_LCR_REG[UART_PEN]).

c. Select even or odd parity (UART3_LCR_REG[UART_EPS]).

d

If needed, enable Error detection (UART3_CONFIG_REG[ISO7816_ERR_SIG_EN]) and
configure the error pulse width and offset (UART3_ERR_CTRL_REG).

e. Select direct/inverse convention (UART3_CONFIG_REG[ISO7816_CONVENTION]).

Configure the baud rate. To calculate the registers values for the desired baud rate, use the
formula: Divisor = Fi * (ISO7816_CLK_DIV + 1) / (8 * Di). For Fi and Di values, refer to ISO/IEC
7816-3 Standard Specification, table 7 and table 8:

a. Enable access to the Divisor Latch register: UART3_LCR_REG[UART_DLAB] = 1.
b. Setthe High byte of the Divisor integer part (UART3_IER_DLH_REG).

c. Setthe Low byte of the Divisor integer part (UART3_RBR_THR_DLL_REG).

d. Set the fractional part of the Divisor (UART3_DLF_REG).

Configure the generated interrupts, if needed (UART3_CTRL_REG).

10. Send a byte:

a. Set up the Guard Timer (UART3_TIMER_REG).

b. If TX FIFO is enabled, check if FIFO is full (UART3_USR_REG[UART_TFNF]) or check if
Transmit Hold Register (THR) is empty (UART3_LSR_REG[UART_THRE])).

c. Load the byte to THR (UART3_RBR_THR_DLL_REG).
d. Check if the byte was transmitted (UART3_LSR_REG[UART_TEMT]).

11. Receive a byte:

a. Set up the Wait Time (UART3_TIMER_REG).
b. Wait until serial data is ready (UART3_LSR_REG[UART_DR]) or timer expiration.
c. Read the received byte from the THR (UART3_RBR_THR_DLL_REG).
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36 SPI Interface

Device DA14701 DA14705 DA14706 DA14708

Feature Availability 4 v v v

36.1 Introduction

This controller implements the Serial Peripheral Interface (SPI™) for master and slave modes.

NOTE

SPI is a trademark of Motorola, Inc.

The serial interface can transmit and receive from 4 to up to 32 bits in master/slave mode. The
controller comprises separate TX and RX FIFOs and DMA handshake support. Slave mode clock
speed is independent from the system clock speed. The controller can generate an interrupt upon the
data threshold reached in the TX or RX FIFOs.

The DA1470x comprises three instances of the