RENESAS

Datasheet

RAG6W1
Arm-Cortex-M33-based Dual Band Wi-Fi 6 MCU

The RA6W1 is a highly integrated ultra-low-power
Wi-Fi microcontroller (MCU) integrating an Arm®
Cortex®-M33 system processor with a dual band
802.11a/b/g/n/ax Wi-Fi subsystem, on-chip memory,
flexible peripheral interfaces, and power
management features. This provides a standalone
single chip solution which can support complex low-
power loT solutions that require Wi-Fi network
connectivity.

Extremely low-power operation is accomplished by
dynamically disabling elements of the MCU which
are not in use, thus allowing a near zero level of
power consumption when not actively transmitting
or receiving data. Such low-power operation can
extend the battery life up to a year or more
depending on the application.

Built from the ground up for the Internet of Things
(IoT), the RA6W1 is ideal for door locks,
thermostats, sensors, pet trackers, asset trackers,
sprinkler systems, connected lighting, video
cameras, video doorbells, wearables, and other loT
devices.

Key Features

» Arm® Cortex®-M33 Core
e Armv8-M architecture
¢ Maximum operating frequency: 160 MHz
¢ Arm Memory Protection Unit (Arm MPU)

o Protected Memory System Architecture
(PMSAV8)

o MPU: eight regions
o SysTick timer
= Full Networking OS and TCP/IP stack
e Comprehensive networking software stack

e Provide TCP/IP stack: in the form of network
socket APls

= Wi-Fi processor
e Operating modes: Station, Soft AP
¢ Bluetooth® coexistence
o WPS-PIN/PBC for easy Wi-Fi provisioning

e Connection manager for autonomous and fast
Wi-Fi connections

o |IEEE 802.11b/g/n/ax, 1x1, 20 MHz channel
bandwidth, 2.4 GHz

e |EEE 802.11a/n/ac/ax, 1x1, 20 MHz channel
bandwidth, 5 GHz

o |[EEE 802.11s Wi-Fi mesh
e On-chip PA, LNA, and RF switch

o Wi-Fi security: WPA/WPA2-
Enterprise/Personal, WPA2 S|, WPA3 SAE,
and OWE

e Vendor EAP types: EAP-TTLS/MSCHAPvV2,
PEAPVO/EAP-MSCHAPV2, PEAPV1, EAP-
FAST, and EAP-TLS

= Advanced security and encryption
e Secure Crypto Engine

e Symmetric algorithms: AES, DES/3DES,
CHACHA

e Hash/HMAC: SHA1/224/256
o Asymmetric algorithms: RSA, DH, ECC
e TRNG
e Secure boot
e Secure debug (SWD)
e Secure asset storage
e Device lifecycle management
e TLS/DTLS protocol acceleration

= Wi-Fi Alliance certifications
e Wi-Fi CERTIFIED™ b, g, n
o WPA™ — Enterprise, Personal
o WPA2™ — Enterprise, Personal
o WPA3™ — Enterprise, Personal
¢ Wi-Fi Enhanced Open™
o« WMM
¢ WMM - Power Save
o Wi-Fi Protected Setup™

= |nterfaces
e SPI Master/Slave interface
o |12C Master/Slave interface
e |28 for digital audio streaming
o PDM/Digital Mic for digital audio streaming
e General PWM Timer 32-bit x 8
¢ Multiplexed GPIO x 28
o ADC (12-bit SAR) for sensor interfaces x 4
¢ eMMC/SD expanded memory
e SDIO Host/Slave function

o OQSPI with encrypted XIP for external
code/data Flash

o QSPI for additional PSRAM storage
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e UART x 3
= Power management unit
e On-Chip RTC

e Wake-up control of fast booting or full booting

with minimal initialization time
¢ Integrated DCDC and LDOs
e Support for ultra-low-power Sleep modes
= Clock source
e 40 MHz crystal (+ 20 ppm) for master clock

e 32.768 kHz crystal (+ 250 ppm) for RTC clock

¢ Integrated 32 kHz RC oscillator
= Memory

e SRAM: 704 kB

¢ Retention Memory: 64 kB

¢ ROM: 256 kB

e OTP:2kB
* Supply

¢ Single operating voltage: 1.9 Vto 3.6 V
(typical: 3.3 V)

¢ Digital I/O Supply Voltage: 1.8 V/3.3 V
e Blackout and brownout detector
= Package type

e 5.6 mm x 6.4 mm, 0.4 mm pitch, 66-pin,
FCQFN

e 3.471 mm x 4.065 mm, 0.424 mm pitch, 70-
pin, WLCSP

= Operating temperature range
e -40°Cto85°C

Applications

= Home Appliances
e Smart air-conditioners
e Smart dishwashers
e Smart oven
e Printers
e Washing machines
o Refrigerators
e Vacuum cleaners
e Dryers
e Coffee makers
o Air purifiers

= Home Automation
e Smoke detectors
e Smart thermostats

e Smart cameras

e Consumer and DIY video
¢ Digital voice assistant

e Smart plugs

e Smart door locks

e Smart video doorbells

e Generic loT sensors

¢ Light control

o Smart light bulbs

o Garage door openers

¢ Motion sensors

¢ Air quality sensors

e Smart blinds

Wearables

e Smart watches

e Smart rings

e Smart bracelets

e Smart bands

o Elderly tracking devices
o Pet trackers

e Child location monitors
Industrial

e Electronic shelf labels

o Building security access control
¢ Connected solar panels
e Smart EV chargers

o Agricultural sensors and monitors

e Environmental sensors: humidity, CO/CQO2,
methane, and fine particles

o Point of sales (POS) solutions
¢ Retail location trackers

¢ Robotics

e Factory automation devices
¢ Industrial wireless sensors

e Smart building

¢ Energy management devices
¢ Smart smoke detectors

e Garage door openers

o Educational toys

o Wi-Fi enabled toys

¢ Baby monitors

¢ Internet music players

o Live streaming devices
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DCACHE_MRM_TINT_REG (0X21000018).....c.uuueeieiteeeeeiieeeeeeiieeeeseitteeesieeeeessneeeeessneeeeessnneeeessnneeeas 150
DCACHE_MRM_MISSES_THRES_REG (0X2100001C) ....uuiiitiieiieeeiieesiiee st siee e snee e 150
DCACHE_MRM_HITS_THRES_REG (0X21000020) .......uuteieiiieieeiiiieee st e e 150
DCACHE_MRM_EVICTS_THRES_REG (0X21000024) .......ccoiuteiieieiieesiiie ittt 151
ReGISter Map DIMA ...ttt e h bttt e sttt e s ab et e e ab et e e e nne e e e e as 151
DMAO_A_START_REG (0X40070700) .....uueeeieieeieeeiiteeeeaaieeeeessieeeeesseeeeesaneeeeessnsseeessnneeessanneeeesannneeas 153
DMAO_B_START_REG (OX40070704) ......ueiiiieeiieeaiteeeeieeaieeasteeeseteeeseeeesteeesbeeesnseesneeasseeesneeanseeens 154
DMAO_INT_REG (OX4A0070708)....cceiueeeeeiieeeaeiieeeeeatieee et ee e st eeessseeeesamsseeesanseeeessnseeeesanneeeesanneeeas 154
DMAO_LEN_REG (OX4007070C) .....ceiiteteitieetieeitteeriee ettt sttt asee e sbe e sss e e sabeessneeesaneeeneeens 154
DMAO_CTRL_REG (OX40070710) «..uueeeieitieeee ettt ee ettt ettt st e st e e s e e e s enneeeesenneeeas 154
DMAQ_IDX_REG (OX400707T4)...ceeeieeeeee ettt ettt ee ettt ettt e st e e st e e s aneeeeessnneeeesanneeeesanneeeas 156
DMA1_A_START_REG (OX40070720) .....uteeeueeeiuieeaiteeeeieeeieeateeesmteeeseeeesseeesbeeessseesnseessseessneesnseeens 156
DMA1_B_START_REG (0X40070724) .....eeeeieiieiee ettt ettt sttt a e s e e s e e e nnneeeas 156
DMAT_INT_REG (0X40070728)......eeiiteieiutieitie ettt ettt ettt ettt st sse e st ssn e e sane e s nnee e saneesnee e 156
DMA1_LEN_REG (OX4007072C) ... iueeeeeiueeeee ittt ettt sttt st e s e e s e e e senne e e e s anneeeas 157
DMA1T_CTRL_REG (0OX40070730) ....cccteteiureeaiieeiteeesieee sttt e siieestee e sebeesbee st e sbee e ssseesaneessneeesaneesneeens 157
DMAT_IDX_REG (0XA0070734)......eeeiieieiieeetie et e aeteeeseeesteeaateeesmbeeeaseeaaseeeaabeeesnseesnseeaaseeesnneeaaseeans 159
DMA2_A_START_REG (0X40070740) ....ueeeieiieiieeiiieie e aeeee et te e st ee e sttt e sneeeeessmneeeesenneeeesanneeeas 159
DMA2_B_START_REG (OX40070744) ......eeeiieeeiiee it eiee ettt eee et e st e smeeesteeenneeesnneeeneeens 159
DMA2_INT_REG (OXA0070748)....cceiueeeeeiiiieeeiteiee ettt ee ettt sttt e et e e s e e e s snneeeesanneeeesanneeeas 159
DMA2_LEN_REG (OX4007074C) .....coiiiieitiiatie ettt ettt sttt st e sbe e e sbe e ssbe e sabeesnbeeesabeeeneeens 159
DMA2_CTRL_REG (OX40070750) .....ueeeieiieeeeeiieeee e ateeee ettt ee ettt ettt e e s e e st eaessnneeeesanneeeesanneeeas 159
DMA2_IDX_REG (OXA0070754)......eee ittt ettt ettt ettt sbe et esnne e e s e nnne e 161
DMA3_A_START_REG (0X40070760) ......ueeeieiiiieieiiieeeeiiteee st ee et ee e e e e e srnnne e e s enneeeas 162
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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
Table 175:
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:
: DMA10_B_START_REG (OX40070844) ........ooieeiiiiiee e eit ettt eee e stee e e e stae e e s ennaea e e snnaeaeennees 181
Table 192:
Table 193:
Table 194
Table 195:
Table 196:

Table 191

DMA3_B_START_REG (OX40070764) .......v..vveeeeeeeeeeeeeeeseseeeeeeeeeeeeeseeeesseeeeseeesseeeeseesesseeseseeeeseeeee 162
DMAB3_INT_REG (OXA0070768)..........oveeereeereeeeeeeeeeeeeeeeeeeseeeseseeesseeeseeeeseeeeeeeeees e eeseeeeeeeseseeeeseeeee 162
DMA3_LEN_REG (0XA00707BC) ......e.oeeeereeeeeeeeeeeeeeeeeeeeeeeseeeeeeeseseeeeseeeesseeeeseeesseeeseeseseeeeeseeeseeeeee 162
DMA3_CTRL_REG (OX40070770) .......veeeveeeeeeeeeeeeeeeseeeeeeeeeeseeeeeeeeeeseeeeseeeeeseeeee e ees e eeeeeseseeeeeeeeee 162
DMAB3_IDX_REG (OXA0070774)......veoeeeeereereeeeeeeeeeeeeeeeseeeeseeeseseeeeseeeeseeees s eeseeees e ees e eseeeeeseeeeseeeeee 164
DMA4_A_START_REG (0X40070780) ........corvereeeeeeeeeeeeeeeeseeeseeeeeseeeeseeessseeeeseeesseseseeeeseeseseeesseeeee 164
DMA4_B_START_REG (OX40070784) .......ocoeveoeeeeeeeeeeeeeeeeeeeeeeseeeeseeeeseeeesseeeeseeees e eeseeeeeeeseseeseseeeee 165
DMAZ_INT_REG (OXA0070788)........e.eveeereeeeeeeeeeeesseeeeeeesesseessseessseeeseeeessesesseessseeeseesesseeeeseesseeseee 165
DMA4_LEN_REG (OXA007078C)........oveeereeeeeeeeeeeeeeeeeeseeeeseeeeeseeeeseeeseeeesseeeeseeees e seseeeeseeseseeesseeeee 165
DMA4_CTRL_REG (OX40070790) .......vverreereeeereeeeseeeeeeseeseseeeseseeseseeseseeeesseeeeseeees e seseesesseeseseeesseeeeee 165
DMA4_IDX_REG (OXA0070794).........oeeeoeeeeeeeeeeeeeeeeeeeeeeeeeseeeseseeeeeeees e ee e eeseeee s eeeeeesee s 167
DMA5_A_START_REG (0X400707A0) .......c.rvereeeeeeeeeeeeeeeeeeeeseseeeeseeeseeeesseeesseeseseseseeeeseeseseeseseeeee 167
DMA5_B_START_REG (OX400707A) c.....vverveoeeeeeeeeeeeeeeeeeseeeseseeesseeeeseeeessesesseeess e eeseesesseeeeseseseesenes 167
DMAS5_INT_REG (OXA00707AB) .......eoveeereeeeeeeeeeeeeeeeeeseeeeseeeeeseeeseeeeseeeesseeeeseeees e eeseeeeseeeeeseeesseeeee 167
DMAS5_LEN_REG (OXA00707AC)... ... veeereereeeereeeeeeeeeeseeeeeeseeeseseeseseeeseeeesseseeseeees e seseesesseeseseeeeseeeeee 168
DMA5_CTRL_REG (OX400707B0).........ecoveeeeeeereeeeeeeeeeeeeeeeeeeeseseeesseeeseeeesseeeeseeseseeseseeeeeeeseseeeeseeeee 168
DMAS5_IDX_REG (OXA00707BA) .......eoeveeereeeeeeeeeeeeeeeeeeeeeeeseeeseseeeeseeseseeeesseeeeseeees e ees e seeseeseseeeeseeeee 170
DMAB_A_START_REG (0X400707C0).......veervereeeeeeeeeeeeeeseseeeseseeeseeeeseesessesesseessseseseesesseeseseesseeeee 170
DMAB_B_START_REG (OX400707CA)........corveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeseeeeeseeees e ees e eeeeeseseessseeeee 170
DMAB_INT_REG (OXA00707CBY .....veoeeeeereeeeeeeeeeeeseeeeeseesesseeseseesseeeeseeeessesesseeesseeeseesesseeeeseesseeeeee 170
DMAG_LEN_REG (0X400707CC) ... eeeeeeeeeeeeeeeeeeeeseseeeeeeeeseeeesseeeeseeeee e eeeeeeeseeeeseeeee 170
DMAB_CTRL_REG (OX400707D0)..........coiveeereereeeeeeeeeeeseeseseeeseseeseseeeeseeeesseeesseeeeseseseesesseeseseessseeeeee 170
DMAG_IDX_REG (0X400707DA) .......oeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeees e eeseeeee e ees e eeeeeeeseeeeeeeeeee 172
DMA7_A_START_REG (0X400707EQ) .........rvereeeeeeeeeeeeeeeeseeeseeeeeeseeeseeeesseeeeseeseseeeseeeeseeseseeseseeeee 173
DMA7_B_START_REG (OX400707EA) .....vveorveoeeeeeeeeeeeeeeeeseeeeeseeeseeeeeseeeesseeeeseeess e eeseesesseeeeseeesseeeeee 173
DMA7_INT_REG (OXA00707EB) .......eoveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeseeeseeeesseeeeseeees e ees e eeeeeeeeseeeeeeeeee 173
DMA7_LEN_REG (OX400707EC).........veeereeeeeeeeeeeeseeeeeseeeeseeeseseeeeseeeeseeeesseseeseeeee e eeseeseseeeeeseeeeseeeee 173
DMA7_CTRL_REG (OX400707F0) .......veeeveeeeeeeeeeeeeeeeeeeeeeeeeeeseseeeseeeeseeeeseeeeeseesee e eeseeeeeeeeeeseeeeseeeee 173
DMA7_IDX_REG (OXA00707FA) ....veoeeeeeeeeeeeeeeeeeeeeeeeeeeeseeese s eeeeeeeseeees e eeseeees e eeseeseeseeeeseeeeseeeeee 175
DMA8_A_START_REG (0X40070800) ........c.rvereeeeeeeeeeeeeeseseeessseesseeeeseesessesesseessseessseesesseeseseesseeeee 175
DMA8_B_START_REG (OX40070804) ..........veoeeeeeeeeeeseeeeseeeseseeeeseeeseeeesseeeeseeseseeeseeeeseeeeeseeseseeeee 176
DMAB8_INT_REG (OXA0070808)...........veeereerereereeeeseeeeeeseeseseeeseseeeeseeeeseeeessesesseeses e eeseesesseeseseeseeeeeeee 176
DMA8_LEN_REG (0X4007080C)............eeoeveeeeeeeeeeeeeseeeeeeeeeeseeeseseeesseeeseeeesseeeeseeses e eeseeeeseeeeeseeeeseeeee 176
DMA8_CTRL_REG (OX40070810) .......vveereereeereeeeeeeeeeeseeseseeeseeeseseeeeseeeesseeeeseeeeseeeseeseseeeeeseeeeseeeeee 176
DMABS_IDX_REG (OXA0070814)......veoeveeeeeeeeeeeeeeeeseeeeeeeeeeseeessseeseeeseseeeessesesseeess e eeseesesseeeeseeeseeeee 178
DMA9_A_START_REG (0X40070820) ........c.rvereeeeeeeeeeeseeeeseeeeeseeeeseeeseeeeseeeeeseeseseeeeseeseseeeseseeseseeeeee 178
DMA9_B_START_REG (OX40070824) ..........vveoeeeeeeeeeeeeeeseseeoeeseeseeeeseeeessesesseeesseeeeseesesseeseseeesseeeeee 178
DMAO_INT_REG (OXA0070828)...........veeeveeeeeeeeeeeeeeeeeeeeeeseeeseseeeseeeeseeees e eeseeseeeeeseeeeeeeeseeeeseeeee 178
DMA9_LEN_REG (OXA007082C) .........eeeereeeeeeeeeeeeeeeeeeseeeeseeeseseeeseeseseeeesseseeseeeee e seseesesseeseseseeeeeee 179
DMA9_CTRL_REG (OX40070830) ..........coveeeeeereeeeeeeeeeeeeeeeseeeseseesseeeeseeeesseeeeseeseseseseeeeseeeeseeeeseeeee 179
DMAO_IDX_REG (OXA0070834)..........oveeereeeeeeeeeeeeeeeeeeseeeeeeeseseeeeseeeeseeeeseeeesseeeee e eeseeseseeeeseeeeseeeee 181
DMA10_A_START_REG (OX40070840) ........veoeveeeeeeeeeeeeeeeeeeseseeseeeeseeeesseseeseeesseeeeseesesseseeseeesseeeee 181

DMATO_INT_REG (OXA0070848).........veoeeeeeeeeeeeeeeeeeeeeeeeeeseeeseeeeeseeeeseeeesseeeeseeees e eeseeseseeeeeseeeseeeeee 181
DMA10_LEN_REG (OXA007084C) .........eeoeveeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeseeeseeeeseeeeeseeees e ees e eeeeeseseeeeseeeee 181
DMA10_CTRL_REG (OX40070850) ..........vverrvereeeeeeeeeeeseeseseeeeeseseseeeeseeeesseeseseeseeeseseesesseeseseeeseeeee 181
DMA10_IDX_REG (OXA0070854)............oveeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeseeesseeeeeseeeeeeeseeeeeeeeeseeeeseeeee 183
DMA11_A_START_REG (OX40070860) ...........cerveeeeeeeereereseeeeesesseeeeseeeesseeeeseeseseeeeseeseseeseseessseseee 184
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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:
Table 233:
Table 234:
Table 235:
Table 236:
Table 237:
Table 238:
Table 239:
Table 240:
Table 241:
Table 242:
Table 243:
Table 244

DMA11_B_START_REG (OX400708B4) .....c.veoeeeeeeeeeeeeeeseseeeeeeeeeeeeeseeeesseeeeseeesseeseseesesseseseeesseseee 184
DMAT1_INT_REG (OXA0070868)..........eeeoereeereeeeeeeeeeeeeeseeeeseeeseeeeesseeeseeeeseeeeeseeeeseeeseeeeseeseseeesseeeee 184

DMAT1_LEN_REG (OXA00708BC) ........veeoeveeereeeeeeeeeeeeeeseeseseeeseseeeseeeseeeesseeesseeeeseseseeseseeeseseeesseeeee 184
DMA11_CTRL_REG (OX40070870) .........ovveeeereeeeeeeeeeeeeeeseeeseseeeeeeseseeeesseeeeseeseeeeeseeeeeeeseseeeeseeeee 184
DMAT1_IDX_REG (OXA0070874).........veeeeeeeeeeeeeeeeeeeeeeeeeeeseeeseseeeeseeeeseeeesseeeeseeees e seseeseseeeeeseeeeseeeee 186
DMA12_A_START_REG (0X40070880) .............eveeeveeeeeeeeseeeeeseeseeeeseeeeseeeeeseeeseeseseeeeseeeseseeseseeeee 186
DMA12_B_START_REG (OX4007088A4) ..........eeeeeeeeeeeeeeeeeseeeseeeeeeeeeeseeeesseeeseeses e eeseeeeseeseseessseeeee 187
DMAT2_INT_REG (OXA0070888).........veeereeeeeereeeeeeseeeeeeseeesseessseesseeeessesessesesseessseseseesesseeseseesseeseees 187
DMA12_LEN_REG (OXA007088C) .........eeoveeereereeeeeeeeeeeeseeeeseeeseeeeesseeeseeeesseeeeseeses e eeseeeeseeseseessseeeee 187
DMA12_CTRL_REG (OX40070890) .........ovverrvereeeeeeeeeeeseeeeseeeseseeeeseeseseeeesseeseseeseseeseseesesseeseseeeeseeeee 187

DMA12_IDX_REG (OXA0070894).........oeeeeoeeeeeeeeeeeeeeeeeeseeeeseeeeseesseeessesesesesseesseesseseseseseesseseseessseessee 189
DMA13_A_START_REG (OX400708A0) .......rveeeeeeeeeseeereseeeeseesseeesesesesesseseseesseseseseseesseseseessseesee 189
DMA13_B_START_REG (OXA00708AG) ... .oeoeeoeeeeeeee oo seee e eeeeeeeee e eeee s e sesee e eeee 189
DMA13_INT_REG (OXA00708AB) ...v..veoeveoeeeeeeeeeeeeeeeeeseeeseseeseesseeesesesesessseessessesessesesseeseseseessseeese 189
DMA13_LEN_REG (OXA00708AC)......veo e eeeeeeeeseeeeeeee e eeeeeeeeesseeeseeeseseeseeeseesseeseseseseeeseseseeseseese 190
DMA13_CTRL_REG (0X400708B0)............veeeeeereeeeeesseeseeeeseesseoessesesesesssssssessesssesessesseseseessseeesee 190
DMA13_IDX_REG (OXA00708BA) .......vooeee oo e e eeeeeeeeeeeeeeeeesee s eeseeeeee s eeseseseeeseseseeseeeeee 192

DMA14_A_START_REG (OX400708C0).........veeeveeeeeeeeeeeeseseeeseseesseeeseesesseseeseessseseseesesseeseseesseeseee 192
DMA14_B_START_REG (OX400708CA)..........eoeeeeeeeeeeeeeeeseeeseeeeseseeeeseeeeseeeeeseeeeseseseeeseeseseeesseeeee 192
DMA14_INT_REG (OXA00708CB) .......oveeereeeeeeeeeeeeseeeeeeeeeeseeeseseesseeseseeeessesesseeess e eeseesesseeeeseesseseee 192
DMA14_LEN_REG (OXA00708CC) -....ovveeeveeeeeeeeeeeeeeeeeeeeeeeseeeeeseeeeeeeeseeess s eeseeee e eeseeeeeeeeeeseeeeseeeee 192
DMA14_CTRL_REG (0X400708D0)..........vveoevereeeeeeeeeeeseeeeseeeseseeeeseeseseeeesseeesseeeeseeseseesesseeseseessseeeee 192

DMA14_IDX_REG (OXA00708D4) .......veoeveoeeeeeeeeeeeeeeeeeeseeeeseeeeseesseesseseseeesssesseesseeeseseseesseseseessseeesee 194
DMA15_A_START_REG (OX400708ED) .......rveereeeeeeeeeereseeeeeeesseeesesesesesseeeseesseeesesessesseseseeesseesee 195

DMA15_B START_REG (0X400708E4)......cciiiiiiiieiiiiiee ittt sttt e e e e e nneeeas 195
DMA15_INT_REG (0X400708EB) .....cccueeeitiietieeitieeeitee et e stee ettt et ee et e steeesbeeesneeesnneeesneeesnneeenneeens 195
DMA1S5_LEN_REG (OX400708EC).......eeiiiiiiiieiiiiee ettt ettt st e s e e st e e e s e e e s ennneeas 195
DMA15_CTRL_REG (0X400708F0) ......ceeiteiiiieiiteeeiiete sttt sttt sbe e e s e nnee e seneesnee e 195
DMA15_IDX_REG (OX400708F4) ...ttt sttt e e e e s e e e e enneeeas 197
DMA_REQ_MUX_REG (0X40070900)........cetteiuueeeeiieeeeeaeeeeeaaieeteessseeeeesnseeeesaneseeessnnseeesanneeeesanneees 197
DMA_REQ_MUX2_REG (0X40070904)......ceiiueteiiee et iiteaieeasteeesmteeeseeeeaseeesseeesmseesseessseeesneeenseeans 199
DMA_REQ_MUX3_REG (0X40070908).......ccceiiuuieiaiiiiieeiiieieeaiieeeesiieee e e sieeeaesssseeeesanneeeesnnneeeas 199
DMA_REQ_MUX4_REG (0X40070900C) .....ccccuetiiteeerieierittesiee sttt sibeesiie ittt e s e e snee e 200
DMA_INT_STATUS_REG (0X40070910) ....eeieiuiieeeiiieeeeiiteeeesieeee ettt ee e e siseee e s rnseeeesamneeeessnneeeas 200
DMA_CLEAR_INT_REG (0X40070914)......eeiiiiiiiie ettt st e e e e e e enneee s 203
DMA_INT_MASK_REG (0X40070918)......uueeitieeiieeiiteeeieeeeieeasteeeseteeeseeeesseeesbeeesmseesseessseeesneesnseeens 205
ReGISter Map GPIO ...ttt st e et e e s e e e e enneee s 206
PO_DATA_REG (0X400B0000) ......uueeiteieiurieetie et stee ettt et ettt essee e ssseesbe e ssseesaneessneeesaneesneeens 207
P1_DATA_REG (OX400BO004) .....oeiiieieeeitieeeeiieeee ettt ee ettt e ettt et a e s amee e e e s amee e e e s enneeeesanneeeesanneeeas 207
SW_DATA_REG (0X400B0008)........ceeiteiitieeiiieitite st eiee ettt e bbb e ssne e sne e saneesaneas 208
PO_SET_DATA_REG (OX400BO000C).... .. ueteteteiuieeaiteeerieeeeieeateeesmteeeeeeesteeesbeeesnseesnseessneeesmneeanseeens 208
P1_SET_DATA_REG (0X400B00T0) ...eeteiueeereiiieieeiieeeeeaeiteeeeasieeeeesieteeesneeeeesanseeeessnneeeesanneeeessnneeeas 208
SW_SET_DATA_REG (0X400BO0T4).....ciiiuiieiieeaieeeeeeetie ettt et see e bee e st eesaeeesnseesneeesnneesnneas 208
PO_RESET_DATA_REG (OX400B00T8) ......ceiiiiiiiieiiiiieeiiieee ettt e e 208

P1_RESET_DATA_REG (0X400BOO0TC)........eeoeveeeeeeeseeeeeeeeeeeeeseeeeeseseseeseeeeeeseeeseseeseesseeeeeseeeesseeeeee 208
SW_RESET_DATA_REG (OX400B0020)........ . rveeereeeeeeeeeeseeeeseeeseessesessssesesseeessseeeesesessesseseesseeeeees 208
PO_00_MODE_REG (OX400B0024)............oveeeeeeeeeeeeeseeeeeeseeeeeeseeeeseeeseeseeeeeeseeeeeseeeses s eseseee e 209
PO_01_MODE_REG (OX400BO0028)............rveeeeeeeeeeeeeseeeeeseeeeeeeeseeseeeseseeseeeseeseeeseseeeeeeseeseeseeeeseeeee 211
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Table 245: PO_02_MODE_REG (OX400BO02C) .........vveeverreeeeeeeeseeeereseeeeseeeeseseseeeseseeeseeseseeeeseesesseeesseeseseeeeee 212
Table 246: PO_03_MODE_REG (OX400B0030)...........ovcrverreeeeeeeereeeereseeseeeeeseeseseeeseeeeseeesesessseeseseeeseseessseeeee 212
Table 247: PO_04_MODE_REG (OX400B0034) ..........vvceoverereeeeeeeseeeereseeeeseeeeseseseeeseseeeseesesesessesesseeeeseeeseeeeee 213
Table 248: PO_05_MODE_REG (OX400B0038)..........c.cooveereeeeieeeeeseeeeseeeeseeeeeeeeeeseeseeeeeeseesesessseeseeeeeseseessseeeee 214
Table 249: PO_06_MODE_REG (OX400BO03C) .........vveeverreeeeeeeeseeeereseeeesseseseseseeeseeeeseseseseesessesesseeesseessseeeeee 215
Table 250: PO_07_MODE_REG (OX400B0040) ..........o.ceverreeeeeeeseeeeeeseeeseeeeeeeeeseseeeseeeeeeeeseseseseeseseeeeeseeesseeeee 216
Table 251: PO_08_MODE_REG (OX400BO044) ........o.cooveereeeeeeeeeeeeeeseeesseeeseseeeeseeeseeeeeeeeeseseseseeseseeeeeseeseseeeee 216

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:

PO_09_MODE_REG (OX400B0048)........ccceiiteeeiieierireienreestee st sree e st sne e seneesneessneeesereesneeens 217
PO_10_MODE_REG (OX400BO04C) ..ottt sttt 218

PO_11_MODE_REG (OX400B0050)...........vveervereeeeeeeeeeeeseeseseeeseseesseseseeeesseeeesseseseseseesesseeseseeseseseee 219
PO_12_MODE_REG (OX400BO054)..........ovcoeveeeeeeeeeeeeeeeeeseeeseseeesseeeeseeessseeeeseeeeseeeeseeeeeeseseeesseeeee 219
PO_13_MODE_REG (OX400BO058)...........ovcorvereeeeseeeeeeeeeeeseeeseseessseeeseeeesseeesseeesseeseseeeeseeseseeesseeeee 220
P1_00_MODE_REG (OX400BOO05C) ........ovverreereeeeeseeeeeseessseeessseesseeeessesesseseeseessseseseesesseeseseesseseees 221
P1_01_MODE_REG (OX400BO0BO).........oveervereeeeeseeeeeeseeeeseeeseseesseeeseeeesseeesseeeeseseseeseeeeeseseessseeeeee 222
P1_02_MODE_REG (OX400BO0BA).........rveorvereeeeeeeeeeeeeeseseeeseseesseseseeeesseeeeseeesseeseseesesseeseseeseseeeee 222
P1_03_MODE_REG (OX400BO0BB).............corvereeeeeeeeeeeeeeeeseeeseseeeseeeeseeeesseeeeseeseseeeeseeeeseeseseeeeseeeee 223
P1_04_MODE_REG (OX400BOOBC) ........ovverreereeeeeeeeeeeseeeeseeeseseeesseeeeseeeesseeeeseeseseeeeseeseeseeseseeseseeeee 224
P1_05_MODE_REG (OX400B0070) .........ereeervereeeeeseeeeeseeseseeossseesseesessesessesesseesssessseesesseeseseesseeseee 225
P1_06_MODE_REG (OX400BO074) .........oveeereeeeeeeeeeeeeeeeeeeseeeeeseeeeseeeseeeesseeeeseeees e eeseeeeseeseseeseseeeee 225
P1_07_MODE_REG (OX400BO078) .........erveereereeeeeseeeeeseeseseeessseesseeeessesessesesseessseseseesssseeseseesseseee 226
P1_08_MODE_REG (OX400BOO07C) ........ovveereereeeeeeeeeeeeeeeeeeeeeseseeesseeeseeeeeseeeeseeeeseeeeeeeeeeeseseeesseeeee 227
P1_09_MODE_REG (OX400B0080).........vveervereeeeseeeeeeseeseseeeseseeeseeseseeeesseeeesseeeseseseesesseeseseeesseeeeee 228

P1_10_MODE_REG (OX400BO0BA)..........o.ceovereeeeeeeeeeeeeeeeeseeeeeseeeeseeeeseeeeseeeeeseeee e eeseeeseeseseeeeseeeee 228
P1_11_MODE_REG (OX400BO08B)...........o.corvereeeeeeeeeeeseeeeseeeseseeeeseeeseeeesseeeeseeses e seseeeeeeeseseessseeeee 229
P1_12_MODE_REG (OX400BOO0BC) ........ovverreerereeeseeeeeseeseseeessseesseeseseesessesesseeesseeeseesesseeeeseeeseeseee 230
P1_13_MODE_REG (OX400B0090).........veeervereeeeeeeeeeeseeseseeeseseeeseeeeseeeeseeeeeseeseseeeeseesesseeseseeeeseeeeee 231
P1_14_MODE_REG (OX400BO094) .........oeereeeeeeeeeeeeeeeeseeeeeeeseeeseeeeseeeesseeeeseeeeeeeeseeseseeeseseeeeeeeeee 231
P1_15_MODE_REG (OX400B009B)...........o.ervereeeeeeeeeeeeeeeeseeeseseeeeseeeseeeeseeeeeseeeseeeseeeeseeeeseeeeseeeee 232
SWO_MODE_REG (OX400BO0IC) ........ooeeeeeeeeeeereeeeeeeeeeeeeseseeeeseeseeeeesee e seseeseseeeeeseeeeseeseseeeeseeseeeenn 233

SW1_MODE_REG (OX400BO0A0) -.......eooveeeeeeeeeeresseeeeeeeeseeseseeeessessesssesesessesesseeesseeeeseseseeeseesensens 234
GPIO_CLK_SEL_REG (OXA00BOOAZ)...........oecereeeeeeeeeeeeeeeeseeeeeeeeeeeeeseeeeseseeeeseeeeseee e seseees e 234
EMMC_MODE_REG (OX400BO0AB)...........veeeveeeeeeereeeeeeeeeeeeeeeeeseeeeseeseseeeeeseeseseeses e eeeeesesseeseseseseeseee 235
SDIO_MODE_REG (OX400BO0AC)..........eeeeveeeeeeeeeeeeseeeeeeeeeseseeeeeeeeseseseseeseseeees e eeeeee e seseess e 237
GPIO_INT_SEL_PO_REG (OX400BO0CO) .......c.vereeeeeeeeeeeeeseseeeeeeeseeeeeseeeseseeseeseeseseeseeeeseseessseesseeens 237
GPIO_INT_SEL_P1_REG (OX400BO0CA) .......covveeeeeeeeeeeeeseseeeeeeesseeeeseeeeseseesessesssseeesseeeseeesseeseneens 237
GPIO_INT_POL_PO_REG (OX400BO0CS) .........eeoeveeeeeeeeeeeeeeseeeeeeeeeeeeeseseeseseeeesseeseseeseeeeseseessseseeeeas 238
GPIO_INT_POL_P1_REG (OX400BOOCC) .....covveeeveeeeeeeeeeeeseseeeeeeeseeeeeeeeesessesesseessseeesseseseesseesennens 238
GPIO_INT_STS_PO_REG (OX400B00DO) ...........coeveeeeeeeeeeeeeseeeeeeeoeeeeeseeeeseeeeeeseeesesee e seseess e 238
GPIO_INT_STS_P1_REG (OX400BO0DA) .........veeeveeeeeeeeeeeseseeeeeeeeseeeeseeeeseseesesseeseseeseseeseseeseseeseeeens 238

GPIO_INT_CLR_PO_REG (OX400BO0DS) ........coveoeeeeeeeeeeeeseeseseeeeseeseseseeseeesseesssesesesesseseseesssessee 238

Table 285: GPIO_INT_CLR_P1_REG (0X400B0O0DC) ......ccuuteitiiaiieeitiieaieeesiieeeieeesieeesteeesaeeesneeesaeeesneeesneeesnes 238
Table 286: GPIO_SEL_PO_REG (0X400BO0ED)........ccciiiiteeeiiiie ettt ettt e e sbee e e e sbee e e e sbee e e e snneeeeennees 238
Table 287: GPIO_SEL_P1_REG (0X400BOO0EA)...... ..ottt ettt e e e nae e e s e e sneeennee 239
Table 288: GPIO_SEL1_PO_REG (0X400BOO0ESB) .......ccicuiiiiiiiiie ettt e 239
Table 289: GPIO_SEL1_P1_REG (OX400BO0EC)... ...ttt et 239
Table 290: Register Map GPREG ... it et e e e et e e e abee e e e nnee 239
Table 291: DEBUG_REG (0X40070308)........uuteitiietieeniiieitet ettt ettt e st e b sre s sss e ssneesneeesene e nnne e e 240
Table 292: GP_STATUS_REG (0X4007030C).......c.uuttiiiiiteeeiiiee ettt ettt ettt e e et e e s sbe e s e sabee e e e anee 240
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Register map 12C...... .o
[2C_CON_REG (0X40090000) .......cetiiureeaieeanieeesreeesteesieeesieeesveeesireeseeeens
[2C_TAR_REG (0X40090004)........eeteiieeeieeeeieesieeesiee e eseeeeseeeesneeeeeneens
[2C_SAR_REG (0X40090008)........0eteireeiireeirieireee st e s siree e
[2C_HS_MADDR_REG (0X4009000C) ......cteieieiieeeiieeenieeesieesieeeseeeeeeeens
[2C_DATA_CMD_REG (0X40090010) ...cccuvieurieiieieiireeeieeesiree s siree s
[2C_SS_SCL_HCNT_REG (0x40090014) ......eeeiiiiieiieeeiieeniiee e siiee e
[2C_SS_SCL_LCNT_REG (0X40090018)....cc.cteiivereiireeierenirenieeeseeeseeens
[2C_FS_SCL_HCNT_REG (0X4009001C)......ceiiiiiieiiieaieeeniiee e seee e
[2C_FS_SCL_LCNT_REG (0x40090020).......cceimeeeiieeeneereneeenaeeeeeeeeeeens
[2C_HS_SCL_HCNT_REG (0X40090024)........ccccueeiieeiiiieeniieenieee e
[2C_HS_SCL_LCNT_REG (0x40090028) ......eeeiiueieiieeaieeeniieesieeeseee e
[2C_INTR_STAT_REG (0X4009002C).......ceeieeeiieeeiieeenieeesieesieeeseeeeeeeens
[2C_INTR_MASK_REG (0X40090030) .....eeeerureeiieeesiieeeieeerieeesieeesieeeseeeens
[2C_RAW_INTR_STAT_REG (0x40090034).....ccueteiieeeieeenieeneeeeieeeeeens
[2C_RX_TL_REG (0X40090038).......ccuterureeririeiieeeniieesieeesinee e sree e
[2C_TX_TL_REG (0X4009003C).....ceeiueraueeaiireaieeeaieeeseeeseeeseeeeseeeeeeeens
[2C_CLR_INTR_REG (0x40090040) ......ccueeieeeriieeeeieeeneeeseeeseeeesneeeseeeens
[2C_CLR_RX_UNDER_REG (0x40090044).......cceeiueiiiieaniieenieeesiee e
[2C_CLR_RX_OVER_REG (0x40090048) ......ccccoeeeiieeeieeenieesieeeseeeseeens
[2C_CLR_TX_OVER_REG (0X4009004C) ......cciiiieirieiiieeniieeniee e
[2C_CLR_RD_REQ_REG (0X40090050)........cceiteeeiieeeiereneeenaeeeeseeaeeeens
[2C_CLR_TX_ABRT_REG (0x40090054) ......coeiiiieiieeiiiieeniiee e
[2C_CLR_RX_DONE_REG (0x40090058) ......ccccoveeireeaiieeeniieenieeesieee s
[2C_CLR_ACTIVITY_REG (0x4009005C)......cceimiieiiireiieenieenieeesieeeeeens
[2C_CLR_STOP_DET_REG (0x40090060).......ccccteiueeeieraniirenieeenieeeieens
[2C_CLR_START_DET_REG (0X40090064)........cceicoeeeierareeaaieeeaieeaneeenns
[2C_CLR_GEN_CALL_REG (0x40090068)........cceerueerieeeniiieriieenieenieeens
[2C_ENABLE_REG (0X4009006C) .......eeirieeiieeaieeeaieeeseeenieeeieeeeeeeeeeeens
[2C_STATUS_REG (0X40090070).......ueeeeeeeaeieiiieesieeeneeeeseeeeseeeeseeeseeeens
[2C_TXFLR_REG (0X40090074).....ccciuteiueeaiieeaieeeaieeeniee e e siee e seee e
[2C_RXFLR_REG (0X40090078) ....cceiueeaieeeeaeeeanieeeaieeeseeeeseeeseeeesneeeseeeens
[2C_SDA_HOLD_REG (0x4009007C) ....ccuvteiuieeiieieiieeeiee e sieeesivee e
[2C_TX_ABRT_SOURCE_REG (0x40090080) ......ccueeeieereneraaieeeaieeeeeenns
[2C_DMA_CR_REG (0x40090088).......ccemteerieeiieresieeeneeeseeeeseeeeseeesneeeens
[2C_DMA_TDLR_REG (0x4009008C).......ceeiueeiieeeiieeaieeesiieesieeeseeeseeeens
[2C_DMA_RDLR_REG (0x40090090) .....vvteiiieiieeeiieeenieeesieesieeeseeeeeeeens
[2C_SDA_SETUP_REG (0X40090094) ......ccccuteiiiieiieeiiie et
[2C_ACK_GENERAL_CALL_REG (0x40090098) .......cccceereeeaieeenieeaeeenns
[2C_ENABLE_STATUS_REG (0x4009009C).......cciiueiiiieeiiienieee e
[2C_IC_FS_SPKLEN_REG (0x400900A0) ......cceieeeiieeeneeenieenieeesieeeieens
[2C_IC_HS_SPKLEN_REG (0x400900A4)......ccciiieieeaiieenieesieeesieeeeeens
Register map 12C2........ooo e
[2C2_CON_REG (0X40090100) ... eeeeiueeeeeeeenieeeaieeeaieeeseeeeseeeeseeeesmeeeseeeens
[2C2_TAR_REG (0X400907T04) ... uetiiieeiiieeiiee e riee e
[12C2_SAR_REG (0X40090108).......ceeiiieeiieaiieeaieeesieeeseeeseeeeseeeesneeeenaeeens
12C2_HS_MADDR_REG (0X4009010C) .....cccctieiriieiieeeiee e
12C2_DATA_CMD_REG (0X40090110) ..uueeeiiieiieeeeieeeseeesiieesieeeseee e
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Table 361

12C2_SS_SCL_HCNT_REG (0X40090T14) ......coveeeeeeeeeee e eeeee e eseeeeeseeees e eeeeeeeseeseeeeeeeseeeseeeeee 267
12C2_SS_SCL_LCNT_REG (0X40090T18)........covverreeeeeeeeeeeeeeseeeeeeeeeseeeseseeeeseeeeseeeeseeseseeeseseeesseeeee 267
12C2_FS_SCL_HCNT_REG (OX40090T1C).....eeoreeerereeeeeeeeeeeeseeeeseeseseeeesseeeeseeseseeeseeseseeeseseeeseeeeee 268
12C2_FS_SCL_LCNT_REG (OX40090120) .........ovverreeeemeeeeeeeereeeeeeeseseeeseseeeeseeseseeeeseeeeeeeeseseeseseeeee 268
12C2_HS_SCL_HCNT_REG (OX40090124).........ooveeeeeeeeeeeeeeeeseeeeeeeseseeeseseeeseeees e eeseeseseeeeseeeeseeeee 268
12C2_HS_SCL_LCNT_REG (0X40090128) .........vveereeeeeeeeeeeeeeeeeeeeeeseeeeeseeeseeeseeseeeeeseeeeeseeesseeeeee 269
12C2_INTR_STAT_REG (OX4009012C)........coveeieeeeeeeeeseeeeeeeeeeseeeeeeeeeseeeeeseeeeseseseeeseeseeeeseseeeseeeeeee 269
12C2_INTR_MASK_REG (OX40090130) .......eoveeeeeereeeeeeeeseeeeeseeesseesesseeeeseeesseesseeesseeseeseeseseesseeeeee 271
12C2_ RAW_INTR_STAT_REG (0X40090134).........corveereeeeeeeeereeeeeeeeeseeeeeeeeeseeeseeesseeeeeeeseseeeeseeeee 272
12C2_ RX_TL_REG (0XA0090T38)......coovereeeeeeeeseeeeseseeeeeeeeeeeeeseseeeesseseseeeesseeeeseeses e eeseesesseseseeseseeeee 274
12C2_ TX_TL_REG (OXA0090T3C)......cooverieeeeeeeeeeeeeeeeeeeseeeeeeeeseseeesseeeeseeeesseeeeseesee e eeseeeeeeeeeeseeeee e 274
12C2_CLR_INTR_REG (OX40090140) .........eooeeeeeeeereeeeseeeeeeeseseeeeseeseseeeeeeeeeeseeses e eeseeseeeeeeeseeeeeeeeeee 274
12C2_CLR_RX_UNDER_REG (0X40090144) .......ocoreeeeeeeeeeeeeseeeseeereseeeesseeesseessseeeseesesseeseseesseeseee 275
12C2_CLR_RX_OVER_REG (OX40090T48) ........overeeereeeeeeeeseeeeeeeeeseeeeeseeeseeeseeeseeeeseeeseseeesseeeee 275
12C2_CLR_TX_OVER_REG (OX40090T4C) .......vveereeeeeeeeeeeeeseeeeseeeeseeeeeseeeeseeseseeeeseeseseeseseeesseeeee 275
12C2_CLR_RD_REQ_REG (OX40090150)...........ovveereeeeeeeeieeeeeseeeeeeeeeseeeseseeeeseeeeseesseeeeeseeseseeesseeeee 275
12C2_CLR_TX_ABRT_REG (0X40090154) .........ovveereeeeeeeeeeeeseeseseereseeeeeseeeeseeseseeesseesesseeseseessseeeee 275
12C2_CLR_RX_DONE_REG (0X40090158) ........ovverreereeeeeeeeseseeesseeresseesssesessessseeesssesesseeseseesseeneee 276
12C2_CLR_ACTIVITY_REG (0X4009015C).........vveereeeeeeeeeeeeseeesseeseseeeeeseeesseseseeeeseeeeseeseseeseseeeee 276
|2C2_CLR_STOP_DET_REG (OX40090160)........cvcorveeereereeeeeeeseessseereseesseseesseessseeesssesssseeseseesseeseee 276

[2C2_CLR_GEN_CALL_REG (0X40090168).....ccceitrteiaiiiieeeiiieeeeaiteeeesieee e siaee e sbseee s sveeeessneeee e 277
[2C2_ENABLE_REG (0X4009016C) .....ccoiteiiiteieiiiierireesitee sttt e st sineesne e snneesnee e 277
[2C2_STATUS_REG (0X40090170)......eeiteeeitieeiteeeriteeeteeasteeesbee e steeesieeesbeeesbeessseeesaseesabeeesaneesseeans 277
[2C2_TXFLR_REG (0OX40090174).. . eeeieiteiee e iitiee ettt ettt ettt e e st e e e sbae e e e sbte e e e sneeeeesneeeeeans 279
[2C2_RXFLR_REG (0X40090T78) .. iuteiiiieeitiee et e rieeeeteeestee e stee st e e seeeesabeaesmteeasseeesaseesnneeesnneeeneeens 279
[2C2_SDA_HOLD_REG (0X4009017C) .. .eeeiiiteieieitieee e itieee e steee ettt e s sbeee et e e sbse e e s sbeeee s anneeeeans 279
12C2_TX_ABRT_SOURCE_REG (0X40090180) .....ueeiitiiiieieitet et siiee sttt 279
[2C2_DMA_CR_REG (0X40090188).....cuteeeeeitiieeeiieeeeeiieiee e siiee ettt e st ee e sbae e e s sbse e e s sbeeeessneeeaeans 282
[2C2_DMA_TDLR_REG (0X4009018C) .. ..eeiiitiieeeitiieeeatieee e steeee e steee e steee e e staee e e snee e e s sneeeessneeeeeans 282
12C2_DMA_RDLR_REG (0X40090190) ... .eiiitiieitieeiieeeteeesieeesteeesieeesneeessteeesmbeessseeesaseessseeesnneesnseeens 282
[2C2_SDA_SETUP_REG (0X40090194) ....coiitiiiiiitiiee ittt ettt e e e e s snreee e 282
12C2_ACK_GENERAL_CALL_REG (0X40090198) .....ccttiiitiieiieieniieeniree ettt 282
[2C2_ENABLE_STATUS_REG (0X4009019C)......ttiiiiiiiiee ettt e e e e s sneeee e 283
[12C2_IC_FS_SPKLEN_REG (OX40090TAD) ... .eetiiiiiieeeiiiieeeiieeeeeetteee e steee et ee st eessneeeessneeeeeans 284
[12C2_IC_HS_SPKLEN_REG (0X40090TAZG).....cteieiieeeiee ettt ettt see e stee e stee e steeesiaeessaeeesnneeeneeens 284
ReGisSter Map KDIMA ...ttt ettt e e sttt e e s ne et e e s nee e e e s anne e e e s anneeeeeanneeeas 284
KDMA_ENABLE_REG (0X40070A00) ....c.uteiiteeiitiee et sitee sttt sttt st ssse et essneeesaneesnee e 285
KDMA_RESET_REG (0OX40070A04 ) .....ccc ettt ettt e e s e e e s e e e s enneeeas 285
KDMA_CFG_DESCRIPTOR_ADDR_REG (0x40070A08) .....cccuutiiteiiiiieiiie ittt 285
KDMA_CHANNEL_ENABLE_REG (OX40070A0C)... ... iiteiieeetiieaieeeie e et seeesieeeseeeesneeenee e 286
KDMA_IRQ_DONE_TYPE_REG (0X40070AM0) ..eiiiieiiieiiieee et eiteee et seeeea e sneeeeessnneeeas 286
KDMA_SW_REQUEST_REG (0X40070AT4) ...ttt siee e e e saee e e e enee e 288
KDMA_IRQ_DONE_REG (OX40070AM8) .. .eetieiieieeeiiieie et ee ettt e e s e e e s enneeeeennneeeas 288
KDMA_IRQ_DONE_CLR_REG (0X40070ATC) ....eiiiitiieiieeeiee ettt ettt 288
KDMA_IRQ_ERR_REG (0X40070A20)........eeiiiiiieieitieee et ee ettt e e st e e snseeeesenneeeesnnneeeas 288
KDMA_IRQ_ERR_CLR_REG (0X40070A24) .......otiiiiieiiieeiee ettt ettt snee e 288
KDMA_STATUS_REG (OX40070A28)........ueeiieiiiieieiiieee ettt sttt e e 289
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KDMA_STATUS_DESC_REG (0X40070A34) .....uetiiiiieiiee et e aieeeseeeesieeesteeesneeesaeeesseeesneeenneeens 289
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SDIO_ARM_GP_REG (0X400T0128).....ceteiiiiiieiiiiiieeaiiieeeatteeessiteeessnieeessseeeesanteeeesnnneeeesnnneeessnnses 396
SDIO_RDDATRDY_REG (0X400T0T2C) «..uueieiiieiieeeeee ettt e e e see e st eenee e sneeeeneeeesmeeeeneeas 396
SDIO_BLKSIZE_REG (0X400T0130) ....ueiteiiiieieiiiiieeeaiteeeestteeesssieeesssteeessseeeesannseeeesanseeessnnseeessnnses 397
SDIO_ARGUMENT_REG (0X400T0134) ....uuiiiieiiiiiee ettt e et e e st e e e et e e s enteeaesnneeaeennneeeeennees 397
SDIO_WRBLKCNT_REG (0X40010138) .....eieiiieiiieeeieeeeiieesiieesieeesieeeseeesteeesnteeenseeesneeesnseeesnseesnsens 397
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1. Terms and Definitions

ADC

AES

API
Bluetooth LE
CBC

Analog to Digital Converter
Advanced Encryption Standard
Application Programming Interface
Bluetooth® Low Energy

Cipher Block Chaining

ChaCha ChaCha20 Stream Cipher Algorithm
CRC Cyclic Redundancy Check

CRG Clock and Reset Generator

DAC Digital-to-Analog Converter

DAI Digital Audio Interface

DES Data Encryption Standard

DMA Direct Memory Access

ECC Elliptic Curve Cryptography

EAP Extensible Authentication Protocol

ECB Electronic Codebook

FPU Floating Point Unit

GPIO General Purpose Input/Output

HMAC Hash-based Message Authentication Code
12C Inter-Integrated Circuit

12S Inter-IC Sound

loT Internet of Things

JTAG Joint Test Action Group

LDO Low-Dropout Regulator

LLI Linked-List ltem

LNA Low Noise Amplifier

LSB Least Significant Bit

MTB Micro Trace Buffer

NVIC Nested Vectored Interrupt Controller
NVRAM Non-Volatile RAM

OoTP One Time Programmable

PA Power Amplifier

PDM Pulse-density Modulation

PLL Phase-Locked Loop

PPA Programmable Pin Assignment

PRNG Pseudo Random Number Generator
PWM Pulse Width Modulation

PSRAM Pseudo Static Random Access Memory
QSPI Quad-Lane SPI

RoT Root of Trust

RTC Real-Time Clock

RwWC Read Wait Control

MRC Maximum Ratio Combining

MSL Moisture Sensitivity Level

RSA Rivest-Shamir-Adleman Public Key Crypto System
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RTM Retention Memory

SAR ADC Successive Approximation Analog-to-Digital Converter
SCB System Control Block

SHA Secure Hash Algorithm

SoC System on Chip

SPI Serial Peripheral Interface

SRC Sampler Rate Converter

SRAM Static Random-Access Memory

SWD Serial Wire Debug

TAP Test Access Port

TLS Transport Layer Security

TRNG True Random Number Generator

UART Universal Asynchronous Receivers and Transmitter
WFE Wait for Event

WFI Wait for Interrupt

WMM Wi-Fi Multimedia

WPA Wi-Fi Protected Access

WPS Wi-Fi Protected Setup

XIP eXecute in Place
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2. Block Diagrams

Figure 1 shows an overview of the hardware features of RAGW1.

4 ch - 12-bit ADC |

Debug Clock Application CPU Subsystem
| SWp | | XTAL4OM | _ |vmB ] [FPu ] [mPu]
Digital 10 ILterfaoes ‘ XTAL 32K ‘ ((D% 8
_ | | spi03.0Device . Ro3K | E & Arm Cortex M3
E | 8x PWM/Timer |
% ‘ 3x UART ‘ System | ICache (32 kB) |
T | 2xSPIMIS | RTC/Power
; ‘ 2% 12C M/S ‘ Management Bus Fabric
g ‘ 28x GPIO ‘ ‘ Watchdog Timer ‘
E ‘ DMA ‘ Memory
5’ Digital Audio Interface 64 kB
S 12sMs | security Retention Memory
704 kB
‘ DMIC/PCM ‘ ‘ Crypto ‘ ‘ OTP 2 kB System Memory
Analog IO Interfaces ‘ TRNG ‘ 256 kB ROM
| OTP |

Wi-Fi Subsystem

802.11 MAC
a/b/g/n/ac/ax

802.11 PHY

RF 2.4/5 GHz
+ DSSS/OFDM
MODEM
(20 dBm)

Bluetooth LE
Coex

Storage Interfaces

Octa/Quad SPI
Flash

Quad SPI
PSRAM

SDIO 3.01/
EMMC 4.1 Host

Figure 1. Hardware block diagram
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Figure 2 shows an overview of the software features of RAGW1.

g User Apps Network Apps
S AT Command User ‘ ‘ CLI User ‘ S e~ £
=1 . . £ =
= ‘ Ping H Suppllcant‘ £ % 2 "
User Apps DNS || HTTP(s) || P £ 3 5
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°g |LWiP | TCcP || uDP | o
B Re}
Z [ - °
5 | 802.11 Link Layer Il Embedded RTOS || &
| (For example, o
i 802.11 Upper MAC FreeRTOS) §
= | 802.11 Lower MAC | »
‘ Device Drivers ‘
= | Wi-Fi MAC + PHY R Peripheral Devices |
Figure 2. Software system diagram
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3. Part Numbering

Figure 3 shows the product part number information, including memory capacity and package type. Table 1
shows a list of products.

R7SA6W1CEDZNR#HADQ

—|; Production identification code

Table 1: Product list

Terminal material (Pb-free)
A: Tray/Sn (Tin) only
C: Tray/others

A: Tray (Bulk)

B: Tray (Full carton)
U: Tray (Full tray)
H: Tape & Reel

Package type
NR: QFN
DD: WLCSP

Quality Grade

OperaEing temperature
D:-40 Cto 105 C

Memory size

Feature set

A: Wi-Fi 4 2.4 GHz
B: Wi-Fi 6 2.4 GHz
C: Wi-Fi 6 2.4/5 GHz
Group number
Application
Performance

RA family

No Flash Integrated

Renesas microcontroller

Figure 3. Part numbering scheme

Product part Wi-Fi Wi-Fi Package SRAM Operating Shipment Pack
number frequency | version code junction form quantity
temperature production

R7SA6W1AEDZNR 2.4 GHz Wi-Fi 4 FQOO066AA 768 kB | -40 to 105°C | Reel 4000
R7SA6W1BEDZNR 2.4 GHz Wi-Fi 6
R7SA6W1CEDZNR 2.4/5 GHz | Wi-Fi6
R7SA6W1AEDZDD 2.4 GHz Wi-Fi 4 WDO0070AA
R7SA6W1BEDZDD 2.4 GHz Wi-Fi 6
R7SA6W1CEDZDD 2.4/5 GHz Wi-Fi 6
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4. Pin Information
The RA6W1 is available in two package variants:

= 66-pin, FCQFN — 5.6 mm x 6.4 mm, 0.4 mm pitch
= 70-pin, WLCSP - 3.471 mm x 4.065 mm, 0.424 mm pitch.
The actual pin/ball assignment is described in the following sections.

4.1 FCQFN Pinout
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e} L s =
X
8I % IﬁD:L I%L § § u‘_)l g 6' il QI sI
Pn1D r 282k Ki 3558k
| | | | | | | |
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o [« [ce] N~ o [Ye) < ™ ~— o [}
Te) < < < < < < < < < (3p] |
s P1_11
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VDDRF_PA 2 s [ P1_10
VSSRF_1 ESDN ‘ 35000 P1_09
RFTX 2G [ 3 Bl B 5 | 34 [0 P1.08
- | VSSRF_IF VSSD_2 -
RFRX 2G | 4 RST_N VSSIO_2 33 P1_07
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PO 00 [ 6 VSSA_1 kVSSIOﬁS ] 31 | P1 05
o — EX o o (& i
PO 01 | 17 VSSIO_1 P1_01 30l P1_04
| P0_09  VSSA_2 ‘ |
P0_02/XTAL32K_M [ ]8 65 64| 66 29[| VDDIO_FDIO
PO_03/XTAL32K P [ ]9 VSSD_1 P1_00 28] P1_03
PO 04 [ 10 27: VDDA _DCDC_PA
PO 05 [ 11 26 LX_PA
PO 06 [ |12 25 | VSSA DCDC_PA
P ¥TLeer222 549487
| | | | | | | \
| dH0 B
~ l_
5820%F¥28<3<gxg
ol 8 ool &< 5 9
o O o o o o | >
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@) O N o
a Q )
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> [ [
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3 3
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(Transparent top view)
Switching signal, Static signal, ; ;
high current high current, D Analog signal . Quiet ground
D No connection Eﬁtfuf:ggsl‘ D Digital signal D Noisy ground

Figure 4. FCQFNG66 (top level view)
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4.2 WLCSP Pinout
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M XTAL
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DCDC
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PO_09 _DCDC

>
p4
>

@‘Q‘O‘Q‘O‘Q‘Q

VDDIO
_DIO1

|

D Analog signal

Static signal,
low current,

D Digital signal
D Noisy ground

(Top view)

Switching signal,
high current high current,

. Quiet ground D No connection

Figure 5. WLCSP70 (top level view)
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4.3 Pin Descriptions

Table 2: RA6W1 pin description

F.CQFN sl el Pin name Type Description
pinno | no.
Radio
A1 VSSRF_4 GND GND (TX5G)
1 VSSRFQ_1 GND GND
49 VSSRFQ_2 GND GND
50 | A3 RF 5G AlIO g%sb\;avnd transmitter output and receiver input, connect to
48 | A5 VDDRF Al rcore power, 1.375 V from DCDC_ANA.
B2 VSSRF_5 GND GND (TX5G)
B4 VSSRF_6 GND GND (RX5G)
47 | B6 VSSRF_PLL GND GND (RF_PLL)
2| C1 VDDRF_PA Al PA power, 1.35 V from DCDC_PA.
C3 VSSRF_2 GND GND (TX5G)
52 | C5 VSSRF_IF GND GND (RXIF)
51 | D2 VSSRF_1 GND GND (TX2G)
D4 VSSA 5 GND GND (rcore)
53 | D6 ESDN GND GND (RF_DIG)
56 | E3 VSSA 4 GND GND (rcore)
F2 RFTX 2G AlIO 2G band transmitter output, connect to inductor.
G1 RFRX_2G AlIO 2G band receiver input, connect to inductor.
G3 VSSA 3 GND GND (rcore)
5| H2 VSSRF_3 GND GND (RX2G)
59 | J1 VSSA 1 GND GND (acore)
65 | K8 VSSA_2 GND GND (ana_ldo_buck)
27 | K10 VDDA _DCDC Al DCDC_PA output: 1.35 V,-connect to VDDRF_PA (PA
_PA power), external capacitor: 10 pF.
25 | L9 VEEA—DCDC GND DCDC_PA analog ground.
21 | ms VDDA _DCDC Al DCDQ_ANA, connect to VDDRF (1.375 V), external
_ANA capacitor: 10 pF.
23 | M10 VE&Q—DCDC GND DCDC_ANA analog ground.
A R Y T e
2% | L1t LCPA | WO LM TPNARTMGH (bt
24 | N11 VBAT Al Battery input: 1.9 ~3.6 V.
Oscillator
46 | A7 XTAL40M_M AlIO 40M XTAL oscillator output.
45 | B8 XTAL40M_P AIO 40M XTAL oscillator input.
9| M2 PO_03/XTAL3 AIO INPUT/OUTPUT with puII—up/dovx_/n resistor. Analog sharing:
2K P XTAL32K_P (VBAT power domain).
8 | L1 PO_02/XTAL3 AlO INPUT/OUTPUT with puII—up/dowp resistor. Analog sharing:
2K M XTAL32K M (VBAT power domain).
I/0 Pins
44 | A9 P1 15 DIOD :I;ISF;.UT/OUTPUT with pull-up/down resistor. ATB for analog
40 | A1 P1_13 DIOD INPUT/OUTPUT with pull-up/down resistor.
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F.CQFN pellEelp el Pin name Type Description
pinno | no.
39 | B10 P1_12 DIOD INPUT/OUTPUT with pull-up/down resistor.
38 | C9 P1_11 DIOD INPUT/OUTPUT with pull-up/down resistor.
37 | C11 VDDIO_DIO2 | Al Digital I/O power: 1.8~3.3 V (typ).
57 | D8 VSSIO_2 GND GND (digital 1/0O)
54 | D10 VSSD_2 GND GND (dcore)
43 | E5 SWDIO DIOD INPUT/OUTPUT. Serial Wire Debug data 1/O.
41 | E7 P1_14 DIOD :ZSTPT/OUTPUT with pull-up/down resistor. ATB for analog
55 | F4 RST_N DIOD INPUT. Device reset (active LOW). (VBAT power domain).
42 | G5 SWCLK DIOD INPUT. Serial Wire Debug clock.
lm |eaoe  |oop | MEUTOUTRUTWEnilpiioun eer s s
17 | H6 PO_11 DIOD INPUT/OUTPUT with pull-up/down resistor.
6| J3 P0_00 DIOD z{\l/gx_'ll:/gol\)lvzjtél' r:/1va;tirr1)p.>ull—up/down resistor. Analog sharing
15| J5 PO_10 DIOD INPUT/OUTPUT with pull-up/down resistor.
61 | J9 VSSIO_3 GND GND (digital I/O)
29 | J11 VDDIO_FDIO | Al E;)thilt/c())r E])OJ\[/:?L 1.8 V from FDIO_LDO output, external
7 | k2 P0_01 DIOD R\I/E;J\_'II_'/F?OL:V'I;I:LCJ‘Z r;/]v:;tirr:)p.>ull—up/down resistor. Analog sharing
i o Joop | EUTOUTUTwnniioun eer s s
64 | K6 VSSD_1 GND GND (dcore)
0[5 [P0 oop | NECOUTUTAR pioun er feos sarns
60 | L5 VSSIO_1 GND GND (digital 1/0O)
19 | L7 P0O_13 DIOD INPUT/OUTPUT with pull-up/down resistor.
63 | M4 P0O_09 DIOD INPUT/OUTPUT with pull-up/down resistor.
18 | M6 PO_12 DIOD INPUT/OUTPUT with pull-up/down resistor.
WM [pos oo | BeOTOUTUTAD pour sl feos sarna
14 | N3 PO_08 DIOD INPUT/OUTPUT with pull-up/down resistor.
16 | N5 VDDIO_DIO1 | Al Digital I1/0 power: 1.8~3.3 V (typ).
20 | N7 VDDD Al ggg;ii?gme;bl{;.v from DIG_LDO output, external
36 | E9 P1_10 DIOD INPUT/OUTPUT with pull-up/down resistor.
QSPI
35 | F6 P1_09 DIOD INPUT/OUTPUT with pull-up/down resistor.
58 | F8 P1_02 DIOD INPUT/OUTPUT with pull-up/down resistor.
33 | F10 P1_07 DIOD INPUT/OUTPUT with pull-up/down resistor.
62 | G7 P1_01 DIOD INPUT/OUTPUT with pull-up/down resistor.
31| G9 P1_05 DIOD INPUT/OUTPUT with pull-up/down resistor.
32 | G11 P1_06 DIOD INPUT/OUTPUT with pull-up/down resistor.
66 | H8 P1_00 DIOD INPUT/OUTPUT with pull-up/down resistor.
30 | H10 P1_04 DIOD INPUT/OUTPUT with pull-up/down resistor
28 | J7 P1_03 DIOD INPUT/OUTPUT with pull-up/down resistor.
34 | E11 P1_08 DIOD INPUT/OUTPUT with pull-up/down resistor.
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5. 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): VBAT1 = VBAT2 = 3.3 V, TA = 25 °C. All radio
measurements are performed with standard RF measurement equipment providing a source/load impedance

of 50 Q.

The specified Min and Max capacitor values define the range of the effective capacitance, which may vary over
the applied voltage because of voltage derating. See the component manufacturer for the capacitor
specifications.

5.1 Absolute Maximum Ratings

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.
These are stress ratings only, so functional operation of the device at these or any other conditions beyond
those indicated in the operational sections of the specification are not implied. Exposure to Absolute Maximum
Rating conditions for extended periods may affect device reliability.

/A | CAUTION

Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such conditions can
adversely impact product reliability and result in failures not covered by the warranty.

Table 3: Absolute maximum ratings

Parameter | Description Conditions Min Max Unit
Electrostatic discharge voltage
Vesp_cou (Charged Device Model) -500 500 v
Electrostatic discharge voltage
VESD_HBM (Human Body Model) -2000 2000 \
VBAT_LIM Limiting battery supply voltage -0.2 3.7 \%
VPIN_Li_voD Limiting voltage on a pin -0.2 3.7 \%
10_DIO1
VPiN_um_voD Limiting voltage on a pin -0.2 3.7 \
10_DIO2
VPIN Li_voD Limiting voltage on a pin -0.2 3.7 \%
I0_FDIO
;/P'N—L'M—VDD Limiting voltage on a pin -0.1 1.22 \%
\R/FP'N—L'M—VDD Limiting voltage on a pin -0.1 1.55 \
VPiN_um_vDD Limiting voltage on a pin -0.1 1.55 V
RF_PA
5.2 Recommended Operating Conditions
Table 4: Recommended operating conditions
Parameter | Description Conditions Min Typ Max Unit
Ta Ambient temperature -40 25 85 °C
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Parameter | Description Conditions Min Typ Max Unit
;P'N—VDD'O—D' Voltage on a pin 1.62 3.6 \
:)/:'N—VDD'O—D' Voltage on a pin 1.62 3.6 \%
XP'N—VDD'O—F' Voltage on a pin 1.62 3.6 \%
VPIN_VDDD Voltage on a pin 1.1 Vv
VPIN_VDDRF Voltage on a pin 1.37 \%
)\/P'N—VDDRF—P Voltage on a pin 1.35 V
Veat Battery supply voltage 1.9 3.3 3.6 \%

5.3 DC Characteristics

Table 5: DC characteristics
Parameter | Description Conditions Min Typ Max Unit
:AT—OFF—SLEE Off-state battery supply current 0.3 HA
LBZAT-OFF—SLEE Off-state battery supply current 25 MA
LE;AT*OFF*SLEE Off-state battery supply current 3.7 MA
lFiAT—OFF—SLEE Off-state battery supply current 200 WA

500

leat_orr_siee Off-state battery supply current MA
PS5 Note 1

Note 1  You can find Sleep mode definitions in the System Overview section.

5.4 Crystal Oscillator 40 MHz — Recommended Operating Conditions

Table 6: Crystal Oscillator 40 MHz - Recommended operating conditions
Parameter | Description Conditions Min Typ Max Unit
V/IN_XTAL40M Input voltage 1.1 \%
fxtaL_xtaL4om | Crystal oscillator frequency 40 MHz
AfxTAL_XTAL40 C_)rystal_ frequ_ency tolerance 20 20 ppm
M (including aging)
ESR _xtaL4om | Equivalent series resistance 50 Q
CL_xTAL40M Load capacitance 6 8 10 pF
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5.5 XTAL32K - Recommended Operating Conditions

Table 7: XTAL32K - Recommended operating conditions

Parameter | Description Conditions Min Typ Max Unit
ZE;K—EXT—XTAL External clock frequency 32.768 kHz
AfXTAL_XTAL32 Qwsta! frequgncy tolerance 250 250 ppm
K (including aging)
ESR xraLs2k | Equivalent series resistance 100 kQ
CL_xTAL32K Load capacitance 10 pF
Co_xTAL32K Shunt capacitance 15 pF
5.6 GPADC - DC Characteristics
Table 8: GPADC - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
VIN_GPADC Input voltage VDD =3.3/11V; TA=25°C 0 14 \%
5.7 GPADC - Electrical Performance
Table 9: GPADC - Electrical performance
Parameter | Description Conditions Min Typ Max Unit
SNR crabc | Signal to noise ratio VDD =3.3/1.1V; TA=25°C 55.5 dB
THD _cpapc Total harmonic distortion VDD =3.3/1.1V; TA=25°C 65.3 dB
SFDR cprapc | Spurious-free dynamic range VDD =3.3/11V; TA=25°C 67.7 dB
5.8 RST_N Digital /0 — Recommended Operating Conditions
Table 10: RST_N Digital IO - Recommended operating conditions
Parameter | Description Conditions Min Typ Max Unit
VBAT_RST_N Battery supply voltage 1.62 3.6 \%
VIHRSTNVE | o level input voltage 1.13 Y%
AT_1V8
VIL_RST_N v Low-level input voltage 0.92 \%
T_1v8
VIH_RSTN_ve High-level input voltage 2.2 Vv
AT_3V3
ViL RsT N vBA Low-level input voltage 1.8 \
T_3v3
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5.9 GPIO - Recommended Operating Conditions

Table 11: GPIO - Recommended operating conditions

Parameter | Description Conditions Min Typ Max Unit
VBAT_gPIO Battery supply voltage 1.62 3.6 \%
ViH_ecrio_1vs | High-level input voltage 1.26 1.8 \Y,
ViL_cprio_1vs | Low-level input voltage 0 0.54 \%
ViH_epPio_sva | High-level input voltage 2 3.3 \Y,
ViL_eprio_sva | Low-level input voltage 0 0.8 \%

5.10 GPIO - DC Characteristics

Table 12: GPIO - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
Von_crio_1vs | High-level output voltage 1.2 1.8 \%
VoL_crio_1vs | Low-level output voltage 0 04 \%
Rpu_crio_1vs | Pull-up resistance 10 60 kQ
Rpp_crio_1vs | Pull-down resistance 10 60 kQ
Von_ario_svs | High-level output voltage 24 3.3 \%
VoL_crio_svs | Low-level output voltage 0 04 \%
Rpu_cpio_svs | Pull-up resistance 10 60 kQ
Rpb_cprio_svs | Pull-down resistance 10 60 kQ
liH_cPio_3v3 High-level input current -10 0.1 10 nA
liL_cPio_3v3 Low-level input current -10 -0.1 10 nA
liH_cPio_1vs High-level input current -10 0.1 10 nA
liL_cPio_1vs Low-level input current -10 -0.1 10 nA

5.11 Radio

5.11.1 WLCSP Package WLAN Radio Characteristics

Table 13: Radio - 802.11.ax RX (2.4 GHz) - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
BAT RX2G No RX: No Signal input, VBAT = 47
SignaT —— | Battery supply current S.SSO\C/;, VDDRF =1.375V, TA= Note 1 mA
lBAT RX2G 115 RX: Modulated signal input, 50
o - Battery supply current VBAT =3.3 \f VDDRF = Note 1 mA

1.375V, TA=25°C
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Parameter | Description Conditions Min Typ Max Unit
| RX: Modulated signal input,
BATRX2G1 | Battery supply current VBAT = 3.3V, VDDRF = 61 mA
-M 1.375V, TA=25°C
| RX: Modulated signal input,
BATRX2G_1In | Battery supply current VBAT = 3.3V, VDDRF = 60 mA
Mes? 1.375V, TA = 25°C
| RX: Modulated signal input,
BATRX2G_112 | Battery supply current VBAT = 3.3V, VDDRF = 60 mA
x Mcse 1.375V, TA=25°C
Note 1 CPU clock = 40 MHz, Low Current Mode for DTIM.
Table 14: Radio - 802.11.ax RX (2.4 GHz) - AC characteristics
Parameter | Description Conditions Min Typ Max Unit
Sensitivity
ZSTSS—RXZGJ (8% PER for 11b rates, 802.11b, 1 Mbps DSSS -97.3 dBm
B 10% PER for 11g/11n rates)
Sensitivity
ZS;“A‘S—RXZGJ (8% PER for 11b rates, 802.11b, 2 Mbps DSSS -94.3 dBm
- 10% PER for 11g/11n rates)
Sensitivity
Poens.jx20-1 | (8% PER for 11b rates, 802.11b, 11 Mbps CKK -86.7 dBm
- 10% PER for 11g/11n rates)
Sensitivity
TSE““A‘S*RXZGJ (8% PER for 11b rates, 802.11g, 6 Mbps OFDM -89.9 dBm
- 10% PER for 11g/11n rates)
Sensitivity
:DSESS—RXZGJ (8% PER for 11b rates, 802.11g, 9 Mbps OFDM -89.4 dBm
. 10% PER for 11g/11n rates)
Sensitivity
:DSTQ‘S—RXZGJ (8% PER for 11b rates, 802.11g, 18 Mbps OFDM -85.9 dBm
- 10% PER for 11g/11n rates)
Sensitivity
TSE:S—MGJ (8% PER for 11b rates, 802.11g, 36 Mbps OFDM -79.9 dBm
. 10% PER for 11g/11n rates)
Sensitivity
:DSEI‘;—MGJ (8% PER for 11b rates, 802.11g, 54 Mbps OFDM -75.3 dBm
& 10% PER for 11g/11n rates)
Sensitivity
:DS’\EA'\;SSBRXZGJ (8% PER for 11b rates, 802.11n, MCSO -89.7 dBm
n
- 10% PER for 11g/11n rates)
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Parameter | Description Conditions Min Typ Max Unit
Sensitivity
:DS;“(‘:SS;RX”J (8% PER for 11b rates, 802.11n, MCS7 -71.8 dBm
n
B 10% PER for 11g/11n rates)
Sensitivit
PSeNs_Rxza.t y 802.11ax, MCS9 -64.5 dBm
1ax_MCS9 (10% PER for 11ax rates)
Wanted signal = 2412 MHz/-70
ACR Rrx2G_11 dBm
b_11M Interferer signal = 2437 MHz 802.11b, 11 Mbps CKK 43.5 dB
Gmode = from AGC
Wanted signal = 2412 MHz/-79
ACR Rrx2G_11 dBm
g_6M Interferer signal = 2437 MHz 802.11g, 6 Mbps OFDM 38.5 dB
Gmode = from AGC
Wanted signal = 2412 MHz/-62
ACR Rrx2G_11 dBm
g_54M Interferer signal = 2437 MHz 802.11g, 54 Mbps OFDM 245 dB
Gmode = from AGC
Wanted signal = 2412 MHz/-79
dBm
ACR Rx26_11 | | 1o rferer signal for ACR= 2437 802.11n, MCSO 31 dB
n_MCS0
MHz
Gmode = from AGC
Wanted signal = 2412 MHz/-61
dBm
ACRRx26.11 | | o ferer signal for ACR = 2437 | 802.11n, MCS7 19.5 dB
n_MCS7
- MHz
Gmode = from AGC
Wanted signal = 2412 MHz/-54
dBm
ACRRx26.11 | | o ferer signal for ACR = 2432 | 802.11ax, MCS9 3.5 dB
ax_MCS9
MHz
Gmode = from AGC
Table 15: Radio - 802.11ax RX (5 GHz) - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
| RX: Ch36, No Signal input, 55
E_‘AT*RXSG*NO* Battery supply current VBAT = 3.3V, VDDRF = mA
Signal 1.375V, TA = 25°C Note 1
| RX: Ch36, Modulated signal 59
BAT_RX3G_11a Battery supply current input, VBAT = 3.3V, VDDRF mA
- =1.375V, TA=25°C Note 1
| RX: Ch36, Modulated signal
BAT_RX5G_T1a Battery supply current input, VBAT = 3.3V, VDDRF 67 mA
oM =1.375V, TA=25°C
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Parameter | Description Conditions Min Typ Max Unit
| RX: Ch36, Modulated signal
BATRXSG_112 | Battery supply current input, VBAT = 3.3 V, VDDRF 67 mA
xMes? =1.375V, TA=25°C
| RX: Ch165, No Signal input, 69
BAT_RXSGNo_ | Battery supply current VBAT = 3.3V, VDDRF = mA
Signal 1.375V, TA = 25°C Note 1
| RX: Ch165, Modulated signal 71
BAT_RXSG_T1a Battery supply current input, VBAT = 3.3V, VDDRF mA
- =1.375V, TA=25°C Note 1
| RX: Ch165, Modulated signal
BAT_RXSG_T1a Battery supply current input, VBAT = 3.3V, VDDRF 68 mA
o =1.375V, TA=25°C
| RX: Ch165, Modulated signal
BAT_RXSG_T1a Battery supply current input, VBAT = 3.3V, VDDRF 68 mA
xMes? =1.375V, TA=25°C
Note1 CPU clock = 40 MHz, Low Current Mode for DTIM.
Table 16: Radio - 802.11ax RX (5 GHz) - AC characteristics
Parameter | Description Conditions Min Typ Max Unit
f’sgssf%“ PSDU length: 1000 octets 802.11a, 6 Mbps OFDM -89.9 dBm
a_
TSSSS—R“GJ PSDU length: 1000 octets 802.11a, 9 Mbps OFDM -89.6 dBm
a_
:Dsf:;—'*xseﬂ PSDU length: 1000 octets 802.11a, 18 Mbps OFDM -86.7 dBm
a_
TS:‘J—RXSGJ PSDU length: 1000 octets 802.11a, 36 Mbps OFDM -80.1 dBm
a_
:DSEZ‘;—R“GJ PSDU length: 1000 octets 802.11a, 54 Mbps OFDM -735 dBm
a_
Psens_rxsc_1 | PSDU length 4096 octet; LGI; non- 802.11n, MCSO0 897 dBm
1n_MCS0 STMC
Psens_rxsc_1 | PSDU length 4096 octet; LGI; non- 802.11n, MCS7 68.4 dBm
1n_MCS7 STMC
Psens rxsc_1 | PSDU length: 4096 octet; LGl; 802.11ac, MCS7 68.2 dBm
1ac_MCS7 non-STMC
Psens_rxsc_1 | PSDU length: 4096 octet; LG, 802.11ax, MCS7 68.3 dBm
1ax_MCS7 non-STMC
Wanted signal = 5500 MHz/-79
dBm
ACRRxse_11 | | terferer signal for ACR = 5520 | 802.11a, 6 Mbps OFDM 235 dB
a.ou MHz
Gmode = from AGC
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Parameter | Description Conditions Min Typ Max Unit
Wanted signal = 5500 MHz/-62
dBm
ACR Rxs6_11 | | torferer signal for ACR = 5520 | 802.11a, 54 Mbps OFDM 8 dB
a_54M
- MHz
Gmode = from AGC
Wanted signal = 5500 MHz/-79
dBm
ACRRxs6_11 | | 1o erer signal for ACR = 5520 | 802.11n, MCSO 21.4 dB
n_MCS0
MHz
Gmode = from AGC
Wanted signal = 5500 MHz/-61
dBm
ACRRxse_11 | | o rferer signal for ACR = 5520 | 802.11n, MCS7 5.4 dB
n_MCS7
- MHz
Gmode = from AGC
Wanted signal = 5500 MHz/-61
dBm
ACRRxse11 | e rforer signal for ACR = 5520 | 802.11ac, MCS7 5 dB
ac_MCS7
- MHz
Gmode = from AGC
Wanted signal = 5500 MHz/-54
dBm
ACRrxse_11 | | ntorterer signal for ACR = 5520 | 802.11ax, MCS7 4.2 dB
ax_MCS7
MHz
Gmode = from AGC
Table 17: Radio - 802.11ax TX (2.4 GHz) - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
IsaT_TXx_2G_11b | Battery supply current measured TX: VBAT =3.3V, TA=25°C, 370 mA
1M for EVM and SEM compliance Ch1, Pout = 17.5 dBm
IsaT_Tx_2G_11g | Battery supply current measured TX: VBAT=3.3V, TA=25°C, 285 mA
_6M for EVM and SEM compliance Ch1, Pout = 16 dBm
IsaT_Tx_2G_11b | Battery supply current measured TX: VBAT =3.3V, TA=25°C, 492 mA
_1M for EVM compliance Ch1, Pout = 19 dBm
IsaT_Tx 2G_11g | Battery supply current measured TX: VBAT =3.3V, TA=25°C, 492 mA
_6M for EVM compliance Ch1, Pout = 19 dBm
IsaT_TXx_2G_11n | Battery supply current measured TX: VBAT =3.3V, TA=25°C, 296 mA
_Mcs7 for EVM compliance Ch1, Pout = 14.5 dBm
IsaT_TX_2G_11a | Battery supply current measured TX: VBAT =3.3V, TA=25°C, 150 mA
x_MCS9 for EVM compliance Ch1, Pout = 10.5 dBm
Table 18: Radio - 802.11ax TX (2.4 GHz) - AC characteristics
Parameter | Description Conditions Min Typ Max Unit
Pomax)_11b_1 | Maximum Output Power measured
M for EVM and SEM compliance 802.11b, 1 Mbps DSSS 16.5 dBm
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Parameter | Description Conditions Min Typ Max Unit
Pomax)_11b_2 | Maximum Output Power measured
M for EVM and SEM compliance 802.11b, 2 Mbps DSSS 165 dBm
Pomax)_11b_5 | Maximum Output Power measured
M5 for EVM and SEM compliance 802.11b, 5.5 Mbps CCK 175 dBm
Pomax)_11b_1 | Maximum Output Power measured
M for EVM and SEM compliance 802.11b,11 Mbps CCK 175 dBm
Pomax)_11g_6 | Maximum Output Power measured
M for EVM and SEM compliance 802.11g, 6 Mbps OFDM 17.5 dBm
Pomax)_11g 5 | Maximum Output Power measured
am for EVM and SEM compliance 802.119,54 Mbps OFDM 14.5 dBm
Pomax)_11n_m | Maximum Output Power measured
cso for EVM and SEM compliance 802.11n, MCSO 15 dBm
Pomax)_11n_m | Maximum Output Power measured
cs7 for EVM and SEM compliance 802.11n, MCS7 135 dBm
Pomax)_11ax_ | Maximum Output Power measured
MCS9 for EVM and SEM compliance 802.11ax, MCS9 10 dBm
Pomax)_11b_1 | Maximum Output Power measured 802.11b, 1 Mbps DSSS 195 dBm
M for EVM compliance
Pomax)_11b_2 | Maximum Output Power measured 802.11b, 2 Mbps DSSS 19 dBm
M for EVM compliance
Pomax)_11b_5 | Maximum Output Power measured 802.11b, 5.5 Mbps CCK 195 dBm
M5 for EVM compliance
Pomax)_11b_1 | Maximum Output Power measured 802.11b,11 Mbps CCK 19 dBm
M for EVM compliance
Pomax)_11g_6 | Maximum Output Power measured 802.11g, 6 Mbps OFDM 19 dBm
M for EVM compliance
Pomax)_11n_m | Maximum Output Power measured 802.11n, MCSO0 195 dBm
cso for EVM compliance

Table 19: Radio - 802.11ax TX (5 GHz) - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
I Battery supply current measured TX: Modulated signal output,
M for E\;yM arrl)g éEM compliance VBAT =3.3V, TA = 25°C, 340 mA
oM P Ch36, Pout = 16.5 dBm
I Battery supply current measured TX: Modulated signal output,
Sl P it A VBAT =33V, TA=25°C, 613 mA
oM P Ch36, Pout = 20 dBm
I Battery supply current measured TX: Modulated signal output,
BT e e E\'}VM Cgr‘;y”ance VBAT = 3.3V, TA = 25°C, 224 mA
-Mes? P Ch36, Pout = 12.5 dBm
I Battery supply current measured TX: Modulated signal output,
M for E\;yM ar?g éEM compliance VBAT =33V, TA=25°, 412 mA
oM P Ch165, Pout = 16.5 dBm
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Parameter | Description Conditions Min Typ Max Unit
I Battery supply current measured TX: Modulated signal output,
PATpe- e | EV’,’\A ngyliance VBAT = 3.3V, TA=25°C, 711 mA
oM P Ch165, Pout = 19.5 dBm
I Battery supply current measured TX: Modulated signal output,
e b E\;VM Cgrﬁ’]y”ance VBAT = 3.3V, TA = 25°C, 220 mA
Mes? P Ch165, Pout = 10.5 dBm

Table 20: Radio - 802.11ax TX (5 GHz) - AC characteristics
Parameter | Description Conditions Min Typ Max Unit
Pomax)_11a_6 | Maximum Output Power measured
M for EVM and SEM compliance 802.11a, 6 Mbps OFDM 7 dBm
Pomax)_11a_5 | Maximum Output Power measured
am for EVM and SEM compliance 802.11a,54 Mbps OFDM 15 dBm
Pomax)_11n_m | Maximum Output Power measured
cso for EVM and SEM compliance 802.11n, MCSO 16.5 dBm
Pomax)_11n_m | Maximum Output Power measured
cs7 for EVM and SEM compliance 802.11n, MCS7 13 dBm
Pomax)_11ac_ | Maximum Output Power measured
MCS7 for EVM and SEM compliance 802.11ac, MCS7 13 dBm
Pomax)_11ax_ | Maximum Output Power measured
Mcs7 for EVM and SEM compliance 802.11ax, MCS7 13 dBm
Pomax)_11a_6 | Maximum Output Power measured 802.11a, 6 Mbps OFDM 20.5 dBm
M for EVM compliance
PoMmax)_11n_m | Maximum Output Power measured 802.11n, MCS0 20.5 dBm
cso for EVM compliance

5.11.2 FCQFN Package WLAN Radio Characteristics

Table 21: Radio - 802.11.ax RX (2.4 GHz) - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
| RX: No Signal input, VBAT = 50
BAT_RX2G_No_ | Battery supply current 3.3V, VDDRF = 1.375 V, TA = mA
Signal o Note 1

25°C

| RX: Modulated signal input, 50
BAT_RX2G_11b Battery supply current VBAT = 3.3V, VDDRF = mA
- 1375V, TA = 25°C Note 1
| RX: Modulated signal input,
BATRX2G_11b | Battery supply current VBAT = 3.3V, VDDRF = 61 mA
- 1.375V, TA=25°C
| RX: Modulated signal input,
BATRX2G1n | Battery supply current VBAT = 3.3V, VDDRF = 65 mA
-Mest 1375V, TA = 25°C
| RX: Modulated signal input,
BATRX2G.Ma | Battery supply current VBAT = 3.3V, VDDRF = 69 mA
xMCS9 1.375V, TA=25°C
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Note 1

CPU clock =40 MHz, Low Current Mode for DTIM.

Table 22: Radio - 802.11.ax RX (2.4 GHz) - AC characteristics

Parameter | Description Conditions Min Typ Max Unit
Sensitivity
Zsf““ﬂ‘s—meﬂ (8% PER for 11b rates, 802.11b, 1 Mbps DSSS -96.9 dBm
- 10% PER for 11g/11n rates)
Sensitivity
ZS;“A‘S*RXZGJ (8% PER for 11b rates, 802.11b, 2 Mbps DSSS -93.8 dBm
- 10% PER for 11g/11n rates)
Sensitivity
Zsf:‘;ﬁxzeﬁ (8% PER for 11b rates, 802.11b, 11 Mbps CKK -85.8 dBm
N 10% PER for 11g/11n rates)
Sensitivity
TSESS—RXZGJ (8% PER for 11b rates, 802.11g, 6 Mbps OFDM -88.7 dBm
. 10% PER for 11g/11n rates)
Sensitivity
TS:;S—RXZGJ (8% PER for 11b rates, 802.11g, 9 Mbps OFDM -88.2 dBm
- 10% PER for 11g/11n rates)
Sensitivity
:Dsfg‘;—RXZGJ (8% PER for 11b rates, 802.11g, 18 Mbps OFDM -86.5 dBm
- 10% PER for 11g/11n rates)
Sensitivity
TSESJ—RXZG—‘ (8% PER for 11b rates, 802.11g, 36 Mbps OFDM -80 dBm
g_.
10% PER for 11g/11n rates)
Sensitivity
:DSEI‘;—MGJ (8% PER for 11b rates, 802.11g, 54 Mbps OFDM -73.6 dBm
g_s
10% PER for 11g/11n rates)
Sensitivity
:DS“EA“(‘:SSBR”GJ (8% PER for 11b rates, 802.11n, MCSO0 -89.1 dBm
n
- 10% PER for 11g/11n rates)
Sensitivity
f’sa“(‘:ss;m@ (8% PER for 11b rates, 802.11n, MCS7 -70.5 dBm
n
- 10% PER for 11g/11n rates)
Sensitivit
Peens_Roxze_t vy 802.11ax, MCS9 63.7 dBm
1ax_MCS9 (10% PER for 11ax rates)
Wanted signal = 2412 MHz/-70
ACR Rrx2G_11 dBm
b_11M Interferer signal = 2437 MHz 802.11b, 11 Mbps CKK 43.5 dB
Gmode = from AGC
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Parameter | Description Conditions Min Typ Max Unit
Wanted signal = 2412 MHz/-79
ACR Rrxz_11 | 4BM
g_6M Interferer signal = 2437 MHz 802.11g, 6 Mbps OFDM 38.5 ds
Gmode = from AGC
Wanted signal = 2412 MHz/-62
ACR Rrx2G_11 dBm
g_54M Interferer signal = 2437 MHz 802.11g, 54 Mbps OFDM 24.5 dB
Gmode = from AGC
Wanted signal = 2412 MHz/-79
dBm
ACR Rie6 11 | | iorferer signal for ACR= 2437 | 802.11n, MCSO0 31 dB
n_MCS0
MHz
Gmode = from AGC
Wanted signal = 2412 MHz/-61
dBm
ACRRx26.11 | | o ferer signal for ACR = 2437 | 802.11n, MCS7 19.5 dB
n_MCS7
- MHz
Gmode = from AGC
Wanted signal = 2412 MHz/-54
dBm
ACRRx26.11 | e rforer signal for ACR = 2432 | 802.11ax, MCS9 3.5 dB
ax_MCS9
MHz
Gmode = from AGC
Table 23: Radio - 802.11ax RX (5 GHz) - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
| RX: Ch36, No Signal input, 58
?AT—RXF’G—N‘)— Battery supply current VBAT = 3.3V, VDDRF = mA
Signal 1.375V, TA = 25°C Note 1
| RX: Ch36, Modulated signal 58
BAT_RX3G_11a Battery supply current input, VBAT = 3.3V, VDDRF mA
- =1.375V, TA = 25°C Note 1
| RX: Ch36, Modulated signal
BAT_RXSG_11a Battery supply current input, VBAT = 3.3V, VDDRF 69 mA
oM =1.375V, TA=25°C
| RX: Ch36, Modulated signal
BATRXSG.Ma | Battery supply current input, VBAT = 3.3V, VDDRF 72 mA
xMest =1.375V, TA=25°C
| RX: Ch165, No Signal input, 58
BAT_RXSGNo_ | Battery supply current VBAT = 3.3V, VDDRF = mA
Signal 1375V, TA= 25°C Note 1
| RX: Ch165, Modulated signal 60
BAT_RX5G_T1a Battery supply current input, VBAT = 3.3V, VDDRF mA
- =1.375V, TA=25°C Note 1
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Parameter | Description Conditions Min Typ Max Unit
| RX: Ch165, Modulated signal
BATRXS6.Ma | Battery supply current input, VBAT = 3.3V, VDDRF 70 mA
oM =1.375V, TA=25°C
| RX: Ch165, Modulated signal
BATRXSG.Ma | Battery supply current input, VBAT = 3.3 V, VDDRF 72 mA
x_Mcs7 =1.375V, TA=25°C
Note 1 CPU clock = 40 MHz, Low Current Mode for DTIM.
Table 24: Radio - 802.11ax RX (5 GHz) - AC characteristics
Parameter | Description Conditions Min Typ Max Unit
TS;“A‘S—RXE’GJ PSDU length: 1000 octets 802.11a, 6 Mbps OFDM -88.8 dBm
a_l
f’ssssﬁmﬁ PSDU length: 1000 octets 802.11a, 9 Mbps OFDM -88.5 dBm
a_s
f’sf;‘;—R“GJ PSDU length: 1000 octets 802.11a, 18 Mbps OFDM -86 dBm
a_
TSE:J—RXF’GJ PSDU length: 1000 octets 802.11a, 36 Mbps OFDM -79.1 dBm
a_
TS::‘;—RXE’GJ PSDU length: 1000 octets 802.11a, 54 Mbps OFDM 72.1 dBm
a_s
Psens_rxsc_1 | PSDU length: 4096 octet; LGl; 802.11n, MCSO 882 dBm
1n_MCS0 non-STMC
Psens_rxsc_1 | PSDU length: 4096 octet; LG, 802.11n, MCS7 68.3 dBm
1n_MCS7 non-STMC
Psens_rxsc_1 | PSDU length: 4096 octet; LG, 802.11ac, MCS7 68.4 dBm
1ac_MCS7 non-STMC
Psens rxsc_1 | PSDU length: 4096 octet; LGl; 802.11ax, MCS7 66.7 dBm
1ax_MCS7 non-STMC
Wanted signal = 5500 MHz/-79
dBm
ACRRxs6.11 | | erferer signal for ACR = 5520 | 802.11a, 6 Mbps OFDM 235 dB
a_6M MHz
Gmode = from AGC
Wanted signal = 5500 MHz/-62
dBm
ACR rxse_11 | | ntorterer signal for ACR = 5520 | 802.11a, 54 Mbps OFDM 8 dB
a_54M
- MHz
Gmode = from AGC
Wanted signal = 5500 MHz/-79
dBm
ACR Rxs6_11 | |torferer signal for ACR = 5520 | 802.11n, MCS0 21.4 dB
n_MCSO0
- MHz
Gmode = from AGC
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Parameter | Description Conditions Min Typ Max Unit
Wanted signal = 5500 MHz/-61
dBm
ACRRx66. 11 | | terferer signal for ACR = 5520 | 802.11n, MCS7 5.4 dB
n_MCS7
MHz
Gmode = from AGC
Wanted signal = 5500 MHz/-61
dBm
ACR Rxsc_11 Interferer signal for ACR = 5520 802.11ac, MCS7 5 dB
ac_MCS7
MHz
Gmode = from AGC
Wanted signal = 5500 MHz/-54
dBm
ACR mise_11 | | nterferer signal for ACR = 5520 | 802.11ax, MCS7 4.2 dB
ax_MCS7
- MHz
Gmode = from AGC
Table 25: Radio - 802.11ax TX (2.4 GHz) - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
IsaT_Tx_2G_11b | Battery supply current measured TX: VBAT=3.3V, TA=25°C, 302 mA
_1M for EVM and SEM compliance Ch1, Pout = 17.5 dBm
IsaT_Tx 2G_11g | Battery supply current measured TX: VBAT =3.3V, TA=25°C, 204 mA
_6M for EVM and SEM compliance Ch1, Pout = 15.5 dBm
IsaT_TXx_2G_11b | Battery supply current measured TX: VBAT =3.3V, TA=25°C, 435 mA
_1M for EVM compliance Ch1, Pout = 19.5 dBm
IsaT_Tx_2G_11g | Battery supply current measured TX: VBAT=3.3V, TA=25°C, 479 mA
_6M for EVM compliance Ch1, Pout = 20 dBm
IsaT_Tx_2G_11n | Battery supply current measured TX: VBAT =3.3V, TA=25°C, 198 mA
_Mcs7 for EVM compliance Ch1, Pout = 14.5 dBm
IsaT_TX 2G_11a | Battery supply current measured TX: VBAT =3.3V, TA=25°C, 148 mA
x_MCS9 for EVM compliance Ch1, Pout = 10.5 dBm
Table 26: Radio - 802.11ax TX (2.4 GHz) - AC characteristics
Parameter | Description Conditions Min Typ Max Unit
Pomax)_11b_1 | Maximum Output Power measured
M for EVM and SEM compliance 802.11b, 1 Mbps DSSS 18 dBm
Powaxy_110_2 | Maximum Output Power measured
M for EVM and SEM compliance 802.11b, 2 Mbps DSSS 18 dBm
Pomax)_11b_5 | Maximum Output Power measured
Ms for EVM and SEM compliance 802.11b, 5.5 Mbps CCK 18 dBm
Pomax)_11b_1 | Maximum Output Power measured
M for EVM and SEM compliance 802.11b,11 Mbps CCK 18 dBm
Pomax)_11g_6 | Maximum Output Power measured
M for EVM and SEM compliance 802.11g, 6 Mbps OFDM 155 dBm
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Parameter | Description Conditions Min Typ Max Unit
Pomax)_11g_5 | Maximum Output Power measured
™ for EVM and SEM compliance 802.11g, 54 Mbps OFDM 15 dBm
Pomax)_11n_m | Maximum Output Power measured
cso for EVM and SEM compliance 802.11n, MCS0 145 dBm
Pomax)_11n_m | Maximum Output Power measured
cs7 for EVM and SEM compliance 802.11n, MCS7 145 dBm
Pomax)_11ax_ | Maximum Output Power measured
MCs9 for EVM and SEM compliance 802.11ax, MCS9 105 dBm
Pomax)_116_1 | Maximum Output Power measured 802.11b, 1 Mbps DSSS 20 dBm
M for EVM compliance
Pomax)_11b_2 | Maximum Output Power measured 802.11b, 2 Mbps DSSS 20 dBm
M for EVM compliance
Pomax)_11b_5 | Maximum Output Power measured 802.11b, 5.5 Mbps CCK 20 dBm
M5 for EVM compliance
Pomax)_116_1 | Maximum Output Power measured 802.11b,11 Mbps CCK 20 dBm
1M for EVM compliance
Pomax)_11g_6 | Maximum Output Power measured 802.11g, 6 Mbps OFDM 20 dBm
M for EVM compliance
Pomax)_11n_m | Maximum Output Power measured 802.11n, MCS0 205 dBm
cso for EVM compliance

Table 27: Radio - 802.11ax TX (5 GHz) - DC characteristics
Parameter | Description Conditions Min Typ Max Unit
I Battery supply current measured TX: Modulated signal output,
e for E\;yM ar?g 3éEM compliance VBAT =33V, TA =25°C, 300 mA
oM P Ch36, Pout = 14 dBm
I Battery supply current measured TX: Modulated signal output,
il b BN Cgﬁ]y“ance VBAT = 3.3V, TA = 25°C, 743 mA
oM P Ch36, Pout = 19.5 dBm
I Battery supply current measured TX: Modulated signal output,
il P Cé’iy”ance VBAT = 3.3V, TA = 25°C, 188 mA
-Mes? P Ch36, Pout = 7.5 dBm
I Battery supply current measured TX: Modulated signal output,
e for E\;yM arF:g éEM compliance VBAT =3.3V, TA =25°C, 295 mA
oM P Ch165, Pout = 13.8 dBm
I Battery supply current measured TX: Modulated signal output,
PATDee e | 2 E\'}VM Cgr‘;y”ance VBAT = 3.3V, TA = 25°C, 598 mA
oM P Ch165, Pout = 18.5 dBm
I Battery supply current measured TX: Modulated signal output,
PATDee e | 2 EV)|/\A Cgr‘;y”ance VBAT = 3.3V, TA = 25°C, 188 mA
Mes P Ch165, Pout = 7 dBm
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Table 28: Radio - 802.11ax TX (5 GHz) - AC characteristics

Parameter | Description Conditions Min Typ Max Unit
"
2
"
'\le(MAX)_11a_6 ]Ic\(/I)raE\Tl\ljln;OOn:th)ﬁ:LEswer measured 802.11a, 6 Mbps OFDM 185 B
ESC())(MAX)_ﬂn_M ;\:I)?E\Tl\t;lrr;c?n:;ﬂ::"sgwer measured 802.11n, MCSO0 185 B
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6. System Overview

The RA6W1 contains the following components:

Arm® Cortex®-M33 CPU: The processor is used to run customer applications along with a full Wi-Fi stack
(TCP/IP). The M33 provides 1.45 dMIPS/MHz (232 dMIPS at 160 MHz) and has a powerful 32 kB cache
controller with 4-way associativity and 16-byte cache line size. Code can be executed from an external Flash
device through the secure XIP cache controller, from the internal system or retention memory and from the
internal ROM. This gives a high level of flexibility to operate in very low power scenarios.

Depending on the application, the processor can be clocked by the internal PLL configurable from 2.5 MHz up to
160 MHz.

ROM: The internal 256 kB of ROM contains the secure boot loader as well as various library functions such as
security and networking which can be used by the firmware to help reduce code size for applications running
from internal SRAM.

OTP: The One Time Programmable (OTP) memory is 2 kB in size and consists of two regions. A 256-byte
secure region which is used to store sensitive keys used by the crypto subsystem and a 1792-byte general
purpose region which can be used by user applications. Various information such as trim values for the clocks
and Wi-Fi interface, MAC addresses, and boot configuration scripts are stored in the general-purpose region
during production testing. The remaining OTP is available for use by user applications.

System Memory: The system memory is 704 kB of internal SRAM which is primarily used as data memory by
the software. It also provides the ability to load and run code for implementing very low power applications. To
achieve optimal power consumption, the system memory consists of three memory blocks (two blocks of 256 kB
and one block of 192 kB) which can be independently powered off or placed into a low power content retention
state. The Cortex M33 can access the system memory at 160 MHz with zero wait cycles.

Retention Memory: The retention memory is a 64 kB block of memory that is retained during the low power
operating states of the system. This memory block includes data for maintaining the state of the Wi-Fi interface
plus code which can be executed when waking up to perform simple Wi-Fi tasks such as DTIM.

Octa/QSPI Controller: The Octa/QSPI Controller (OQSPIC) interfaces to external Quad or Octa Flash devices
which store the applications code and data. The controller provides a zero-overhead secure eXecute In Place
(XiP) interface which decrypts the code/data on the fly at up to 80 MHz. This allows for the code/data to be
stored securely in Flash and only be accessible internally to the device. The OQSPIC interface supports Flash
devices of up to 64 MB.

QSPI Controllers: The QSPI Controller (QSPIC) can interface with an external non secure Flash or PSRAM.
For increased read/write performance of the PSRAM, an 8 kB data cache with write-back capabilities can be
enabled. The QSPI interface supports Flash or PSRAM devices of up to 64 MB.

Crypto Subsystem: The crypto subsystem provides hardware acceleration of symmetric algorithms (AES
128/192/256, ChaCha20), asymmetric algorithms (RSA, ECC), hash and HMAC algorithms (SHA-1,
SHA224/256), and plus support for accelerating specific operations such as key derivation and secure signature
processing. There is also a hardware based True Random Number Generator (TRNG) included for secure key
generation and support for secure life cycle management.

UART/UART2/UART3: The UART interfaces are asynchronous serial interfaces with hardware flow control. The
UART interfaces support both RS-232 and RS-485 physical protocols at data rates up to 5 Mbaud.

SPI/SPI2: The SPI interfaces are serial peripheral interfaces with master and slave capability for connection to
SPI devices in master mode or being connected to by a host MCU in slave mode. They have separate RX/TX
FIFOs (32 bytes) and support SPI clock rates up to 48 MHz.

12C/12C2: The 12C interfaces support master and slave capability with clock stretching and are used for
communicating to sensors and/or a host MCU. Each controller includes 32 locations deep FIFO (8-bit RX, 9-bit
TX). They support slow, fast, and high-speed modes up to 3.4 Mbps.

Digital Audio Interface (12S and PDM): The digital audio interface (DAI) consists of both an 12S master/slave
interface and a Digital MIC interface supporting PDM for higher quality digital microphone input plus an
asynchronous Sampler Rate Converter (SRC) used to convert the input or output data to the required sample
rate. A Fractional PLL (FPLL) generates the base frequency for the audio subsystem.

The 12S interface supports either master or slave operation for stereo audio with two 32-bit channels at sample
rates of 8 kHz, 12 kHz, 16 kHz, 24 kHz, 32 kHz, 44.1 kHz, and 48 kHz.
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The Pulse-density Modulation (PDM) interface supports either master or slave operation for stereo audio sample
rates of 24 kHz, 32 kHz, or 48 kHz.

Analog to Digital Converter (ADC): The ADC is a general purpose 4-channel 12-bit analog to digital converter
which can be used for voltage measurement or audio sampling. It supports a sampling rate of up to 1 Msps.

General Purpose Timers/Pulse Width Modulators: There are eight general purpose 32-bit timers which
support PWM capabilities. These timers all support PWM generation, one capture channel to save a snapshot of
the timer, up/down counting with free-running mode, selectable clock source and one-shot pulse generation with
configurable width and edge detection counter modes. All timers support One-shot mode and automatic switch
from One-shot mode to Counter mode.

Real Time Clock: The RTC is a core feature of the RA6W1 which provides a stable counter that is maintained
during low power states such that it can accurately manage the reset and sleep states required to support low
power Wi-Fi operation. The RTC can be clocked with a 32.768 kHz crystal or from a calibrated internal 32 kHz
RC oscillator. The latter saves component costs. To manage sleep modes, the RTC coordinates the power
management of various internal blocks and sequences them as necessary to enter and exit the various low
power modes of operation. Wake-up from the sleep modes can be accomplished through a predefined timer
event or through external events from various GPIO pins.

Watchdog Timer: The watchdog timer provides a mechanism to protect the system against possible system
malfunctions. If there is either a software error or a hardware configuration which disrupts the normal execution
of code, the watchdog triggers and performs a reset of the system.

DMA: Two Direct Memory Access (DMA) controllers are included which are designed to improve performance
and offload the CPU from moving data through the system. The General Purpose DMA provides 16 channels
which can perform memory-memory or memory-peripheral data transfers. The Fast DMA specializes in
transferring data between memory and the Wi-Fi interface.

Debug Interface (SWD): A standard Serial Wire Debug (SWD) is provided to allow debugging of user
applications during the development phase of a product. When development is complete, the device is set to
secure mode and the SWD interface is disabled to protect the device from being tampered with.

GPIO and Programmable Pin Assignment: By default, all digital 1/O pins for the RA6W1 are defined as GPIOs
to give a total of 28 configurable 1/0Os. These can be configured by software to be mapped to any of the
supported digital peripherals. High performance interfaces such as OQSPIC, QSPIC, SDIO, and eMMC have
fixed mapping whereas all other interfaces can be mapped to any pin through the programmable pin assignment
(PPA) block.

SD/eMMC Host Controller: The SD/MMC Host Controller supports up to 80 MHz clock output in 1-bit, 4-bit, or
8-bit data bus mode. In 4-bit mode, two SD/SDIO/MMC 4.41 cards can be supported, and one SD card operates
at 1.8 V. The SD/MMC Host Controller is compliant with the following features:

= Secure Digital (SD) memory version 3.0 and version 3.01
= Secure Digital I/O (SDIO) version 3.0
= Multimedia Cards (MMC version 4.41, eMMC version 4.5 and version 4.51).

SDIO Device Controller: The SDIO device controller is compliant with version 3.00 of the SD specification. It
supports up to 80 MHz operation in 1-bit, 4-bit SD bus mode, and SPI Bus mode. This is used to provide a high
bandwidth interface to a host MCU or AP for high-speed communications of commands and Wi-Fi data.

Wi-Fi Subsystem: The Wi-Fi subsystem consists of a 2.4/5 GHz radio, PHY, and MAC supporting the following
features:

= Wi-Fi 802.11a/b/g/n/ac/ax in 2.4 GHz and 5 GHz bands
= 802.11a/b/g/n PHY/MAC 1x1 SISO
= Wi-Fi 6 802.11ax PHY/MAC 1x1 SISO
= 20 MHz channels for 2.4 GHz (802.11b/g/n/ax)
= 20 MHz channels for 5 GHz (802.11a/n/ac/ax)
= Compatible to the 802.11ac infrastructure in the 5 GHz band
o Station mode supports 5 GHz 802.11n mode compatible with 802.11ac
= Support Dynamic Frequency Selection in 20 MHz mode for all 5 GHz DFS bands in all regulatory domains
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= Wi-Fi 6 802.11ax loT features such as TWT

= Adjustable transmit power (1 dB step) where the Access Point (AP) helps set the Station (STA) output power
based on signal and noise conditions

= Bluetooth® Coexistence features to coordinate the sharing of the 2.4 GHz band between three devices.

Bluetooth Coexistence: The Bluetooth coexistence interface allows for sharing of the 2.4 GHz band between
Wi-Fi and a companion Bluetooth device such that these devices minimize interference with each other.

To support smart home systems which may also require coexistence with Zigbee or Thread devices, the
coexistence interface provides enhanced features to coordinate the sharing of the 2.4 GHz band between Wi-Fi
and two companion devices such as Bluetooth LE and Thread.

Sleep Modes: There are several sleep modes supported by the RA6W1 so that the lowest possible power can
be obtained while maintaining the Wi-Fi connection and performing Wi-Fi communications. The low-power
modes are defined as follows:

= Sleep 1 — Deep Sleep/Reset State (~0.3 pA)
In this state, power is applied (VBAT), but all internal circuitry is powered off such that when reset is de-
asserted, the device can start without waiting for the power to stabilize.

= Sleep 2 — Low Power Standby (~2.5 pA)
In this state, all power domains are off except for the RTC and wake-up pins such that a timer or external
event can trigger the device to wake up from sleep.

= Sleep 3 — Low Power Retention (~3.7 pA)
In this state, all power domains are off except for the RTC, wake-up pins, and the retention memory. Retention
memory keeps system information such as Wi-Fi state so that a fast wake-up can occur to do simple network
management such as DTIM processing. If required, a full system wake-up can also be triggered.

= Sleep 4/5 - Tickless Idle State (~200 uyA/~500 pA)
Tickless IDLE state is like retention mode, but it also maintains up to 704 kB of RAM in a low-power state
which allows for the full application to maintain its state and wake up without requiring full software
reinitialization. The MAC hardware can also be kept alive with a 32 kHz clock to maintain the timers and allow
for faster wake-up time depending on power/performance requirements in Sleep 5.
Sensor Monitoring Mode: In Sensor Monitoring mode, the Wi-Fi subsystem is disabled and the Cortex-M33
runs at a very low clock executing code from internal SRAM allowing for a very low power operating mode where
simple activities such as monitoring sensors and logging data can be performed.
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7. Core System

7.1 Arm® Cortex®-M33

711 Introduction

The Arm® Cortex®-M33 is a small and highly energy efficient processor that is intended for microcontroller and
deeply embedded applications. The processor is based on the Armv8-M architecture and is primarily used in
systems where security is an important consideration.

The Cortex-M33 supports low-power operations through the Wait for Event (WFE) or Wait for Interrupt (WFI)
functions which stop the CPU clock during times of inactivity. The system can also be placed into Extended
Sleep mode by stopping the system clock and clock gating various features including the CPU. The state of the
system and CPU are maintained in retention memory during extended sleep and is restored by software upon
wake-up.

The register descriptions for NVIC, the System Control Block (SCB), and the System Timer (SysTick) of the Arm
Cortex-M33 can be found on the Arm website.

Features
= 160 MHz, 3-stage pipeline
= An in-order issue pipeline
= Armv8, Thumb-2 technology, Little endian
= Floating Point Unit (FPU) supporting single precision arithmetic
¢ Combined multiply-add instructions for increased precision (Fused MAC)

e Hardware support for conversion, addition, subtraction, multiplication with optional accumulation, division,
and square root

e Hardware support for denormal and all IEEE Standard 754-2008 rounding modes
o 32x32-bit single-precision registers or 16x64-bit double-precision registers
¢ Lazy floating-point context save
= DSP/SIMD instructions
¢ Single-cycle 16/32-bit MAC
¢ Single-cycle dual 16-bit MAC
e 8/16-bit SIMD arithmetic
= Support for exception-continuable instructions
= Support for SWD and Micro Trace Buffer (MTB)
= Nested Vectored Interrupt Controller (NVIC).

7.1.2 Interrupts

The NVIC is closely integrated with the core to achieve low-latency interrupt processing.

Functions of the NVIC include:

= Configurable levels of interrupt priority from 8 to 256.

= Dynamic reprioritization of interrupts.

= Priority grouping. This enables selection of preempting interrupt levels and non-preempting interrupt levels.

= Support for tail-chaining and late arrival of interrupts. This enables back-to-back interrupt processing without
the overhead of state saving and restoration between interrupts.

Table 29: Interrupt list

IRQ# | Name Description
0 DMA General Purpose DMA interrupt request.
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IRQ # | Name Description

1 FDMA Fast DMA interrupt request.

2 UART UART interrupt request.

3 UART2 UART2 interrupt request.

4 UART3 UARTS3 interrupt request.

5 12C 12C interrupt request.

6 12C2 12C2 interrupt request.

7 SPI SPI interrupt request.

8 SPI2 SPI2 interrupt request.

9 DAI_TX DAI TX interrupt request.

10 DAI_RX DAI RX interrupt request.

11 SRC_IN SRC input interrupt request.

12 SRC_OUT SRC output interrupt request.

13 SDIO SDIO interrupt request.

14 SDIO_WKUP SDEMMC interrupt request.

15 TDES CBC TDES interrupt request.

16 PSK_SHA1 PSK_SHA1 interrupt request.

18 CLKCAL Clock calibration interrupt request.

19 TIMER TIMER interrupt request.

20 TIMER2 TIMERZ2 interrupt request.

21 TIMER3 TIMERS interrupt request.

22 TIMER4 TIMERA4 interrupt request.

23 TIMERS TIMERS interrupt request.

24 TIMER6 TIMERSG interrupt request.

25 TIMER7 TIMERY interrupt request.

26 TIMERS8 TIMERS interrupt request.

27 CAPTIMER GPIO capture interrupt request.

28 SYSPLL _LOCK PLL480 MHz lock interrupt request.
29 AUX_ADC AuxADC interrupt request.

30 RTC_IF_EXTWK External wake-up interrupt request.
31 RTC_IF_BLACK Voltage blackout interrupt request.

32 RTC_IF_BROWN Voltage brownout interrupt request.
33 RTC_IF_PCNT Pulse count interrupt request.

34 RTC_IF_BCF_MSR Bus clock measure interrupt request.
35 RTC_IF_RTC_ACC Access to RTC core interrupt request.
36 RTC_IF_EXP RTC mirror free running count interrupt request.
37 RTC_IF_LMR FRC to mirroring, loading done interrupt request.
38 MRM Instruction cache Miss Rate Monitor interrupt request.
39 DCACHE_MRM Data cache Miss Rate Monitor interrupt request.
40 CC312 CryptoCell-312 interrupt request.

41 GPIO_PO GPIO port 0 toggle interrupt request.
42 GPIO_P1 GPIO port 1 toggle interrupt request.
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IRQ # | Name Description
43 FPLL_LOCK FPLL lock interrupt request.
44 WIFI_HSU Wi-Fi hardware security unit interrupt request.
45 WIFI_MODEM Wi-Fi modem interrupt request.
46 WIFI_MACTIMER Wi-Fi MAC TX/RX timer interrupt request.
47 WIFI_MACOTHER Wi-Fi MAC TX/RX Misc interrupt request.
48 WIFI_MACRX Wi-Fi MAC RX Trigger interrupt request.
49 WIFI_MACTX Wi-Fi MAC TX Trigger interrupt request.
50 WIFI_MACPROT Wi-Fi MAC protocol trigger interrupt request.
51 WIFI_MACINTGEN Wi-Fi MAC general interrupt request.
52 WIFI_MACBCN Wi-Fi MAC beacon reception interrupt request.
53 WIFI_RC Wi-Fi Radio controller interrupt request.
54 SDEMMC SDEMMC interrupt request.
55 SDEMMC_WKUP SDEMMC wake-up interrupt request.
71.3 Debug

The Cortex M33 provides an SWD interface for real time software debugging.

Features

= Processor halt, single-step, processor core register access, vector catch, unlimited software breakpoints, and
full system memory access.

= Hardware breakpoints and watchpoints:
¢ A breakpoint unit supporting four to eight instruction comparators.
¢ A watchpoint unit supporting two or four data watchpoint comparators.

= MTB provides 8 kB of trace data to support profiling and timestamping of the code execution.

7.2 Internal Memory Architecture

7.21 Introduction

The internal memory architecture consists of various memory types including ROM, System RAM, Retention
RAM, and OTP.

7.2.2 ROM

ROM is a 256 kB read-only memory that includes the boot loader used to initialize the device and prepare for
executing the main firmware. The ROM also includes various library functions for security, DTIM related Wi-Fi
MAC drivers/Wi-Fi stack. These are used to reduce the code size of DTIM tasks that may be executing from
internal SRAM.

7.2.3 System RAM

System RAM provides 704 kB of internal memory for applications running on the M33 and the Wi-Fi subsystem.
The system RAM consists of three blocks which can independently be powered off or put into a low-power
retention state to support minimizing power consumption for low-power applications.

Features

= | ow latency access
e 8-way interleaved to minimize latency

= Parallelize data flows from/to various masters in the system:
e M33, code and data
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e DMA
o Wi-Fi subsystem
e SDIO
= Low-power retention mode to minimize power consumption
e Can be selectively retained during Sleep modes
= Store data or code.

7.2.4 Retention RAM

Retention RAM is a 64 kB block of memory which is used during low-power Sleep modes to maintain the Wi-Fi
operating state.

When operating in DPM mode, a small application is also stored in retention memory that is executed directly
upon a wake-up event to check if there are any pending Wi-Fi requests. This minimizes wake-up time and
reduces the need to power up the full device if there is no activity.

Features

= Low latency access

= | ow-power retention mode to minimize power consumption
¢ Retained during Sleep modes

= Store data or code.

725 OTP

The OTP memory is used to store and protect important information essential for mass production and the
management of end products, such as boot information, MAC addresses, and serial numbers. It is also used for
storing secret information that is used by the advanced security functions like secure boot, secure debug, and
secure asset storage. This secret information is programmed during a secure manufacturing process and then
locked so that it cannot be accessed directly by CPU read or write operations therefore protecting it from
external access.

The OTP memory array supports write accesses of 1 bit and read accesses of 32 bits by executing read/write
commands through the OTP controllers register interface.

AHB-CPU
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OTP IF

OTP Controller «—» OTP Memory

Figure 6. OTP block diagram
Th