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& Raspberry Pi RP235x Overview

The RP235x is a new family of microcontrollers from Raspberry Pi, offering significant enhancements over the RP2040.

» Dual Cortex-M33 or Hazard3 processors at 150 MHz

* ARM TrustZone for Cortex-M

« 520 kB on-chip SRAM, in 10 independent banks

* 8 kB of one-time-programmable storage (OTP)

» Up to 16 MB of external QSPI flash/PSRAM via dedicated QSPI bus
 2x on-chip PLLs for internal or external clock generation
» Hardware SHA-256 accelerator and TRNG

« 2x UARTSs Controllers.

2% SPI controllers

2% |12C controllers

« 24x PWM channels

» 12x PIO state machines

» 1x HSTX peripheral
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Raspberry Pi

RP235x Product Lines

RP235x Device Family

Product Package (:IAZ?)(i:t) Vo(l\tla)ge Tem?oecr';ature
RP2350A  OFN-60 oiodid () 160 T6MB  x  S0KB Pl 3 2 4 2 2 24 30 1836  40~85
RP2350B  QFN-80 (oiopic o\ 150 T6MB x  S0KB P03 2 8 2 2 24 48 1836  40-85
RP2354A  OFN-60 oibid o\ 160 16MB  2MB  520KB 24 30 1836  -40~85
RP2354B  OFN-80 oiopido\y 160 16MB  2MB  520KB 24 48 18-36  -40~85

* RP2350A and RP2354A are pin-to-pin compatible.

* USB 2.0 High Speed (480 Mb/s) is not supported.
* RP2354A and RP2354B have built-in flash memory (2 MB)
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& Raspberry Pi RP235x Block Diagram
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Raspberry Pi
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10VDD
ADC_AVDD
GPI029_ADC3
GPIO28_ADC2
GPIO27_ADC1
GPI026_ADCO
DVDD

10VDD
GPIOZS
GPIO24
GPIOZ3
GPIOZ22
GPIO21
GPIO20
GPIO19

GPlOx

GPIOX/ADCy

QSPIx

USE_DM and USB_DP
XIN and XOUT

RUN

SWCLK and SWDIO

GND

QSPI_IOVDD
1OVDD
USB_OTP_VDD
ADC_AVDD
VREG_VIN
VREG_FB
VREG_LX
VREG_PGND
VREG_AVDD
DVDD

General-purpose digital input and output

General-purpose digital input and output, with analogue-to-digital converter function
Interface to an SPI, Dual-SPI or Quad-5PI flash device, with execute-in-place support
USE controller, supporting full-speed device and full-/low-speed host

Connect a crystal to RP2350's crystal oscillator

Global asynchronous reset pin; reset when driven low, run when driven high

Access to the internal Serial Wire Debug multi-drop bus; provides debug access to
both processors

Single external ground connection, bonded to a number of internal ground pads on
the RP2350 die

Provides the 10 supply for the chip's QSPI interface

Power supply for digital GPI0s, nominal voltage 1.8 Vto 3.3V

Power supply for internal USB full-speed PHY and OTE nominal voltage 3.3V
Power supply for analogue-to-digital converter, nominal voltage 3.3V

Power input for the internal core voltage regulator, nominal voltage 2.7 Vio 5.5V
Internal core voltage regulator: See datasheet

Internal core voltage regulator: See datasheet

Internal core voltage regulator: See datasheet

Internal core voltage regulator: See datasheet

Digital core power supply, nominal voltage 1.1V
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&3 Raspberry Pi RP235x System Bus Architecture

6
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Raspberry Pi RP235x Address Map

RP235x Address Map

Bus Segment Base Address Detail
ROM 0x00000000 Boot code execution address after reset and Reset vector address
XIP 0x10000000 64MB Space(The lower 32 MB is assigned to QSPI, and the upper 32 MB is reserved.)
SRAM 0x20000000 SRAM Start Address(Max: 520KByte)
APB Peripherals 0x40000000 ex) SPI, Uart, ADC ....
AHB Peripherals 0x50000000 ex) DMA, PIOx, HSTX ....
SIO 0xD0000000 Access is always zero-wait-state
Cortex-M33 Private registers O0xEO0000000 Systick TImer
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Raspberry Pi

SWD from Debug Host

RP235x Processor Subsystem

+
v
SW-DP
§ > 7 ¢* y - Symmetric dual-core system
AHB-AP APB-AP AHB-AP
Core 0 “"“’f“" Core 1 o Cortex-M33 + RISC-V Hazard3.
‘ Debug Module ‘ > The instruction bus and data bus are physically separated.

A
Debug Complex T

| L

. +_‘ Y Yy - l Y l L - « Each Core can be selected at boot time
IRC Debug | | IRQ Debug IRCy Debug | | IRQ Debug
Ar RISC-W Arm RISC-W . .
CortexM33 Hazard3 Cortex:M33 Hazard3 o Cortex-M33 is the default option.
I Dl D D I D I
Mux Mux Mux M
& Core 0 n & Coare 1 A
Dual-core Complex
o o « Each core has a pair of 32-bit AHB5 links to the system bus
Single-cycle 10
System System Bus:  System Bus (48 + 8) = GPIO System Bus:  System Bus
interrupts Core Core To the Qutside Core 1 Core 1
Instruction Data Data Ingtruction
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Raspberry Pi RP235x Memory

* ROM (32KByte, Read Only) 9

o Core 0 Boot code : The first code executed when the chip is powered on, initializing the system.

o USB bootloader : Mass storage interface for drag and drop of UF2 flash and SRAM binaries.

- SRAM(520KByte, SRAM0~9)
- SRAM can be allocated and managed linearly.
> SRAMO0~3(4*64KB), SRAM4~7(4*64KB), SRAM8~9(2*4KB)

» XIP(16KByte Cache)

o External flash and PSRAM are accessible through the Execute-in-Place (XIP) subsystem.

- OTP(8KBYyte, one-time-programmabile)
o Manufacturing information such as unique device ID.

> Boot configuration(Cortex-M33 or RISC-V) and Secure Boot.(Public key fingerprint)
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Raspberry Pi RP235x Bootrom

10
* Partition Tables (Max 16 Regions)

o Save multiple execution images: A/B boot versions, different architectures (Arm/RISC-V)

* Flash Permissions (Secure, Non-secure, bootloader)
o Define read (R) and write (W) permissions for the flash area.

* Image Definitions
> Determines whether the image is normal and executable.: Entry-Point, Architecture(Arm/RISC-V), load Address

* Flash Image Boot(Default Boot)
o Search the first 4kB area of the external flash memory, and if IMAGE_DEF is valid, proceed with booting.

 Flash Partition Boot (Advance Boot)
o If A/B Versions, it searches for two partitions and boots with the latest version.

- USB Boot (UF2 Download)
o UF2 files are a file format created to allow firmware updates.

> The UF2 file contains 32-bit family ID information.(eg. rp2350-arm-ns, rp2350-risc v)

=
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Raspberry Pi RP235x Bootrom

Sequnce Description

Entry Booting Process Start
Core 1 Wait Active (Core 0) , Sleep (Core 1)
Boot Path Start Find a valid boot image
Await Rescue Recovery request by debugger(RESCUE_FLAG)
Generate Boot Random Secure boot and random number generation
Check POWMAN Vector POWMAN Check(Core, SRAM)
Check Watchdog Vector Watchdog Check(ex:SCRATCH4 — USB bootloader address)
Prepare for Image Boot Clock Configure, QSPI Initial
Try RAM Image Boot Execute the boot image located in RAM
Check BOOTSEL QSPI CSn is low (BOOTSEL button) or watchdog type is BOOTSEL
Try OTP Boot Execute the boot image stored in OTP (One-Time Programmable) memory
Try Flash Boot Execute the boot image stored in flash (XIP) memory
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Raspberry Pi

RP235x Power Control

RP235x Core Power Domain

DVDD g—o— AON Always on Power Domain
o—oo——  SWCORE Switched Core Power Domain
o—o 1kB ):(IP P?twer Domain
Box 1(1 instances
16kB M
o—0o— 64kB ““ §I3AM I;g\iv_ezr ?o_:na;in's‘_i‘:es ;

4kB M

64kB ““ SRAM Power Domain

12

* AON(Always On)

> Small amount of logic that is always powered on when
chip’s core supply (DVDD) is available.

* SWCORE(Switched Core)

o the remaining core logic functions, including processors,
bus fabric, peripherals, etc.

* XIP
o XIP cache SRAM and Boot RAM

64KB « SRAMO(SRAM Power Domain 0)
o the lower half of the large SRAM banks.

* SRAM1(SRAM Power Domain 1)
o the upper half of the large SRAM banks, and the
scratch SRAMs.
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Raspberry Pi RP235x Power Control

RP235x Power Supply Spec

Power Supply Supplies Min Typ Max Units
IOVDD Digital 10 1.62 1.8/3.3 3.63 V
QSPI_IOVDD (RP2350) Digital 10 1.62 1.8/3.3 3.63 \
QSPI_IOVDD (RP2354) Digital 10 2.97 3.3 3.63 V
DVDD Digital core 1.05 1.1 1.16 \%
VREG_VIN Voltage regulator 2.7 3.3 5.5 Vv
VREG_AVDD Voltage regulator 3.135 3.3 3.63 \%
USB_OTP_VDD USB PHY & OTP 3.135 3.3 3.63 Vv

ADC_AVDD ADC 1.62 3.3 3.63
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Raspberry Pi RP235x Reset Control

RP235x Reset Type

Reset Type Scope Reset source Description

Hardware events(POR,Glitch),

Chip-level Reset Entire chip Watchdog, Debugger

Puts the chip into a default state

Core system components

System Reset (CPU, Bus, OTP, efc.)

Power-on State Machine (PSM) Chip-level Reset --- > System Reset

Peripherals

Subsystem Reset (USB,PIO,PLL,ADC, etc)

Software, Watchdog, Debugger Peripherals can be selectively reset

+ RP235x Reset Sequence : Chip-level Reset -- > System Reset -- > Subsystem Reset
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& Raspberry Pi RP235x PSM Control

RP235x PSM (Power-On State Machine Sequence)

Chip Level Reset

Released

Processor . . . Subsystem

Cold Reset — OTP Ring Oscillator Crystal Oscillator Resets

Boot RAM p— Boot ROM -+ Bus Fabric - PSM Ready tf— Clocks

SRAM 0-9 | XIP Cache - Slo - ACCESS CONTro|  me— Processors
Start

Processor

Boot
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Raspberry Pi

RP235x Clocks Control

External XI—— GPCLKO- 1
clocks or from —
Relaxation GPIO Muxing
oscillators @—
USBPLL —>»

»  SystemPLL —» |

&
| Clock
! sources — H ——
| clk_peri
<]

= (X0SC)

Ring Oscillator
(ROSC)

— X |
Crystal Oscillator

— '—.—.—ben
H . clk_gpout0-3
-

—- '—.—Fﬁ-n ET———
H . clk_adc
~
—- H—Fen T Tryrm—
H . clk_usb

. '_._.74;.
| clk_hstx

-

— '—.—.——»—
clk_sys

.

]_E} clk_ref \_:

Frequency counter <—

Resus «<

Clocks

Low Power
Oscillator ——
(LPOSC)
External [ >
clocks g

| = tick

Watchdog & Timers

‘ clk_pow >

* Clocks Sources

GPIO Muxing

ADC

 PLL
us8 - USB PLL, SystemPLL

HSTX

» Always On Domain

UART+5PI

Processors, Bus fabric,

Memories &

* Clock Generator

Memory -mapped registers

Clock Description
OTP
CLK_REF ROSC or XOSC
e core power ¢ CLK_SYS System Clock
e CLK_PERI UART, SPI, 12C....
N Timer CLK_USB USB
Power Manager C LK_A DC A DC
CLK_HSTX HSTX

o XOSC, ROSC, LPOSC, External Clocks

o LPOSC, AON Timer, Power Manager

Nominal Frequency

6 ~ 12MHz

150MHz
12 ~ 150MHz

48MHz

48MHz

150MHz

www.insem.co.kr




&3 Raspberry Pi RP235x Clocks Control

« XOSC (Crystal Oscillator)
o Supports 1 MHz to 50 MHz crystal.

o Recommend Clock is 12MHz crystal.

« ROSC(Ring Oscillator)

> ROSC is On-Chip Oscillator. (Internal RC)
> Nominal Clock is 11MHz. (After stabilization of ROSC, trade-offs to XOSC.)

* LPOSC(Low Power Oscillator)

o Clock supply to the AON Timer in low power mode.
> Nominal Clock is 32.768KHz.
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& Raspberry Pi RP235x GPIOs Control

- GPIOs 18

> QFN-60 package(RP2350A) : Provides 30 user GPIOs.
> QFN-80 package(RP2350B) : Provides 48 user GPIOs.

« External Interrupt and WakeUp
o Level High, Level Low, Edge High, Edge Low

o Can be used to wake up from low-power mode (up to 12 sources).

* Functional Select
o Each GPIO pin can be connected to one of several peripherals(UARTX,I2Cx....) or functions.

o Controlled by the FUNCSEL bit of the GPIO0_CTRL register. (ex : 0x02 — UARTO_TX, 0x03 — 12C0_SDA)

* Bus Keeper Mode and Pad Isolation Latches

> The purpose is to ensure the stability of GPIO pins and reduce current consumption.

o Pad Isolation Latches are used in low power mode.
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& Raspberry Pi RP235x PIO Control

e | * The PIO (Programmable Input/Output) block is a ®
R T FSMROS—‘ versatile hardware interface.
T « PIO functionality reduces CPU load.
P .
— fre N * PIO Channel and State Machines
ietess e g |, oo > 3 x PIO Channel(PIO0~PIO2)
—>  FIFO o 8 > 12 x State Machines (4 per PIO channel)
——  Hro _ cHolg
——  FFo o h e Supported I/O Standards
. == - 8080 and 6800 parallel bus,12C, SDIO, QSPI, UART ...
| Wiite only—>] I;ﬂttd:gnmw e Supported I/0O Non-Standards

o Custom LED Control, Special Sensor Protocol ....
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& Raspberry Pi RP235x UART Control

20
Read data[11:0]
mﬁv 3748 txd|[7:0] mxd[11:0] 32512 J
Write data[7:0] = . -
(I e » 2x UART Controllers
4
PCLK
cser » Separate 32x8 TX and 32x12 RX FIFOs
n
> UARTTXD
Control and status .
e - > Transmiter « Programmable baud rate generator, clocked by clk_peri
PENABLE . Baud rate divisor > [nSIROUT
» APBI"ZC.F ace —¢
PWRITE and register . * Line break detection
block Baud rate
PADDR[11:2] generator
PWDATA15:0 f S « Programmable serial interface (5, 6, 7, or 8 bits) / 1 or 2 Stop bits
_L' ™ Receiver
PRDATA[15:0] . SIRIN
D ) ‘ * Programmable hardware flow control
D FIFO Transmi Recieve
UARTCLK flags FIFO t FIFO
Reference clock Ty T ARTRI » Supports a maximum baud rate defined by UARTCLK

UARTRXDMACLR « nUARTCTS

UARTTXDMACLR(; UARTTXINTR nUARTDSR

UARTRXDMASRE DMA UARTRXINTR u UARTDCD
_ UARTTXDMABREQ| interface “UARTMSINTR mgf;f;énira;?m E:UARTDTR (78 Mbaud at 125 MHZ)

UARTTXDMASREQ UARTRTINTR nUARTRTS
: UARTTXDMABREQ UARTEINTR nUARTOut1
N UARTINTR nUARTOut2  DMA Support
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Raspberry Pi

RP235x 12C Control

AMBA Bus
Interface Unit

Clock Generator

Toggle

DW_apb_iZ2c
. . Slave State
Register File Machine
Rx Shift Tx Shift

Synchronizer

RX FIFO

DMA Interface

TX FIFO

» Master or Slave (Default to Master mode)

Master State
Machine « Standard mode, Fast mode or Fast mode plus
» Default slave address 0x55
Rx Filter
» Supports 10-bit addressing in Master mode
Interrupt * 16-element transmit buffer
Controller

* 16-element receive buffer
* DMA Support

* Interrupts Support
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& Raspberry Pi RP235x SPI Control

SSPTXINTR _
PRESETn PWDATAIn[15:0] SSPTXINTR
- S 2 »>
T FIFO » Master or Slave modes
PSEL PCLK 16 bits wide,
—— »| 8 locations
PENABLE deep TxRdDataln[15:0
PWRITE 1 i
_PWRITE | Amea FIFO status SSPINTR » Motorola SPI-compatible interface
) APB and interrupt
PADDR[11:2] interface eneration
RxFRdData ¢
M [15:0] SSPRXINTR R
<PRDATANSO] | RFIFO | SSPRORINTR |1, » 8-location(16bit) TX and RX FIFOs
16 bits wide, | _SSPRTINTR >
PCLK > PCLK »| 8 locations PCLK >
deep
SSPRTRINTR _
patam|  [oatacur SSPRORINTR * Interrupt generation to service FIFOs
SSPRXRINTR _
SSPCLK N
SSPCLK
PCLK _ SSPCLK Tx/Rx params_ | nSSPOE - DMA SUppOI"t
> Register > Clock >
nSSPRST block Prescale value prescaler SSPCLKDIV SSPTXD
—_— > > >
SSPFSSOUT
SSPRXDMACLR Transmit and
_SSPRXDMAGLR | receive logic | SSPCLKOUT * Programmable clock rate(SPI C|0Ck)
—>SSPTXDMACLR Tx/Rx FIFO watermark levels nSSPCTLOE
= 5
SSPRXDMASREQ - SSPCLKIN
SSPRXDMABREQ |  interface SSPESSIN » Programmable data size 4-16 bits
-] le SSPFSSIN_
SSPTXDMASREQ SSPRXD
SSPTXDMABREQ RxWrData[15:0]
<SSPTXDMABREQ |
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& Raspberry Pi RP235x ADC Control

ain_sel 23

« SARADC

Analogue input

_______

GPIO[26]

Digital pad » Conversion is 500ks/s(using an independent 48 MHz clock)

Analogue input
e * 12-bit with 9.2 ENOB

GPIO[27].
1

Digital pad

 Four or eight input mux (Built in Temperature sensor)

Analogue input

9 ADC
—— Digial pad » One input dedicated to the internal temperature sensor
Analogue input i
iiiiiii 3 8 element receive sample FIFO
GPI0[29] i Digital pad
------- * Interrupt generation
lemperature 4
Sensor
(on chip)

* DMA Support
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Raspberry Pi

Host Controller

Device Controller

* When not used for USB function, DP and DM ports can be used as general GPIO ports.

£3POW 1SOH / 291A3Q

Control / Data

Control
Registers

input from DPSRAM

Control / Data

output from DPSRAM

Read / Write

4

Addresses

DPSRAM

AHBL slave

Write to

Read from
DPSRAM

RP235x USB Control

~ DPSRAM

Line State Detection

Serial RX Engine

—

Serial TX Engine

USB PHY

* OTG Support (Device and Host Mode)

* Integrated PHY(USB 1.1-compliant PHY built in.)

» Dedicated memory(4KB Dual-Port SRAM)

* Device Mode

o USB 2.0 - Full Speed(12Mb/s)
o Supports up to 32 endpoints

* Host Mode
o USB 2.0 - Full Speed (12Mb/s)
o Low Speed (1.5Mb/s)
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&3 Raspberry Pi RP235x System TIlmer Control

25
* Provides a microsecond-resolution timebase for the system and can generate interrupts.

 Two independent timers
> TIMER 0 (Non-Secure world)
c TIMER 1 (Secure world)

* 64-bit Counter

> Increments once per microsecond (1 MHz tick)

e Alarms
o Four independent alarms per timer.

o Generates an interrupt (IRQ) on a match.

* Timebase Source (reference clock.)

www.insem.co.kr



Raspberry Pi RP235x Watchdog Control

26
« Watchdog Counter

> The watchdog counter is loaded by the LOAD register (Down Counter)

» Control Watchdog Reset Levels (POWMAN -WDSEL registers)
- POWMAN_WATCHDOG(Chip-level Reset)
o PSM_WDSEL(System Reset)
o RESETS WDSEL(Subsystem Reset)

e Scratch Registers
o SCRATCHO ~ SCRATCH?7 (32bit Registers)
> The values are not cleared even if a reset occurs due to the watchdog.

o Useful for storing system status information and analyzing causes.
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& Raspberry Pi RP235x HSTX Control

27
« HSTX is a peripheral that supports high-speed serial data transmission (High-Speed Serial Transmit).

 Data FIFO
o 8-entry, 32-bit-wide FIFO

e HSTX Port (GP1012 ~ GPIO19)
> 4 lanes(Clock and Data) Support

* DMA Support (Minimizing CPU Load)

o HSTX works with Direct Memory Access (DMA), transferring data directly from memory without CPU intervention.

e Application
o High-speed serial display interface(MIPI DSI, LVDS)
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& Raspberry Pi RP235x QSPI(QMI) Control

28
« QSPI Memory interface,used for execute-in-place from external QSPI flash or PSRAM memory devices.

e External QSPI Device Support
> Up to two QSPI devices

o Each device has separate chip selects, shared clock and data pins

 Memory-Mapped Access

o Supports memory-mapped reads and writes

e Transfer Format and Clock
o Supports Serial / Dual / Quad SPI
o Maximum Clock speed(150MHz) up to clk_sys
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& Raspberry Pi RP235x OTP Control

OTP MEMORY

8 kB
4096 rows x 24 bits

» Preprogrammed data
e Bootable software images

ECC Mode: 16bit + 6bit
Hamming ECC + 2bit bit reversal

Item Description

Size 8 kB (4096 x 24bit)
ECC ECC mode : 16bit + 6bit Hamming ECC + 2bit bit reversal
Data Device ID, Oscillator Trim Vaule, Secure Boot , Public Key, Flash Key,
USB bootloader Config, Boot Image
Access Boot ROM API, USB bootloader(PICOBOOT)
ETC One Time Programming, OTP Access Key
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& Raspberry Pi RP235x Ecosystem(EVKIT - PICO 2, PICO 2 W)

30
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& Raspberry Pi RP235x Ecosystem(Debug Probe)

Power

-+
I

UART_TX activity Activated on

EEEEEEEEEEEEEEEEEEEEES
R R R R R R

(GPI108) DAP_TARGET_RUNNING signal
(GPIO16) e
UART_RX activity Activated on : :
(GPIO7) DAP_CONNECTED signal
(GPIO15) an
am
"8 ssmmm
: : =m
as

Raspberry Pi Debug Probe -
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Raspberry Pi

RP235x Ecosystem(VS Code and PICO Extension) &

File Edit Selection View Go
EXTENSIONS: MARKETPLACE

pico

Raspberry Pi Pico D 327ms
The official VS Code extension ...
# Raspberry Pi

PICO-8 Runner

Install

47 % 5
of Ja
Install

DI12K % 5

Install

Install

Picoblaze assembly o
U % oni» Install

PROBLEMS

£ pio_blink

B Extension: Raspberry Pi Pico X

$ ) Raspberry Pi Pic
D Raspberry Pi # raspber 0

d

O A Disable |\ Uninstall % /' Auto Update &%

DETAILS  FEATURES  CHANGELOG  DEPENDENCIES

Raspberry Pi Pico Visual Studio Code
extension

Note: The extension is currently under development.

This is the official Visual Studio Code extension for Raspberry Pi Pico development. This
extension equips you with a suite of tools designed to streamline your Pico projects using
Visual Studio Code and the official )

For comprehensive setup instructions, refer to the Getting Started
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The official VS Code extension for Raspberry Pi Pico development. It includes several featu...
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Visual Studio Code

Raspberry Pi Pico Extension

MicroPico Visual Studio Code Extension(Pico-W-Go)
C/C++ SDK and MicroPython support.

PICOTOOL Support (CLI Base and Flash Download)
Various example codes Support

Middleware (RTOS) : FreeRTOS, Zephyr

Middleware (USB) : TinyUSB (HID, CDC, MSC..)
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Ask, and it shall be given
Fulfill your duty

: Contact to : sales@insem.co.kr
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