STM32WB55xx STM32WB35xx

Internal multispeed 100 kHz to 48 MHz
oscillator, auto-trimmed by LSE (better than
1+0.25% accuracy)

High speed internal 16 MHz factory
trimmed RC (x1%)

2x PLL for system clock, USB, SAl and
ADC

¢ Memories

Up to 1 MB Flash memory with sector
protection (PCROP) against R/W
operations, enabling radio stack and
application

Up to 256 KB SRAM, including 64 KB with
hardware parity check

20x32-bit backup register

Boot loader supporting USART, SPI, 12C
and USB interfaces

OTA (over the air) Bluetooth® Low Energy
and 802.15.4 update

Quad SPI memory interface with XIP

1 Kbyte (128 double words) OTP

¢ Rich analog peripherals (down to 1.62 V)

12-bit ADC 4.26 Msps, up to 16-bit with
hardware oversampling, 200 yA/Msps

2x ultra-low-power comparator

Accurate 2.5V or 2.048 V reference
voltage buffered output

e System peripherals

Inter processor communication controller
(IPCC) for communication with Bluetooth®
Low Energy and 802.15.4

HW semaphores for resources sharing
between CPUs

2x DMA controllers (7x channels each)
supporting ADC, SPI, I12C, USART, QSPI,
SAl, AES, timers

1x USART (ISO 7816, IrDA, SPI Master,
Modbus and Smartcard mode)

1x LPUART (low power)

2x SPI 32 Mbit/s

2x 12C (SMBus/PMBus)

1x SAl (dual channel high quality audio)

1x USB 2.0 FS device, crystal-less, BCD
and LPM

Touch sensing controller, up to 18 sensors
LCD 8x40 with step-up converter

1x 16-bit, four channels advanced timer
2x 16-bit, two channels timer

1x 32-bit, four channels timer

2x 16-bit ultra-low-power timer

1x independent Systick

1x independent watchdog

1x window watchdog

Security and ID

Secure firmware installation (SFI) for
Bluetooth® Low Energy and 802.15.4 SW
stack

3x hardware encryption AES maximum
256-bit for the application, the Bluetooth®
Low Energy and IEEE802.15.4

Customer key storage / key manager
services

HW public key authority (PKA)
Cryptographic algorithms: RSA,
Diffie-Helman, ECC over GF(p)

True random number generator (RNG)
Sector protection against R/W operation
(PCROP)

CRC calculation unit

Die information: 96-bit unique ID

IEEE 64-bit unique ID. Possibility to derive
802.15.4 64-bit and Bluetooth® Low Energy
48-bit EUI

Up to 72 fast I/Os, 70 of them 5 V-tolerant
Development support

Serial wire debug (SWD), JTAG for the
application processor

Application cross trigger with input / output

Embedded Trace Macrocell™ for
application

All packages are ECOPACK2 compliant

Table 1. Device summary

Reference Part numbers
STM32WB55xx STM32WB55CC, STM32WB55CE, STM32WB55CG, STM32WB55RC, STM32WB55RE, STM32WB55RG,
STM32WB55VC, STM32WB55VE, STM32WB55VG, STM32WB55VY
STM32WB35xx STM32WB35CC, STM32WB35CE
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Introduction

This document provides the ordering information and mechanical device characteristics of
the STM32WB55xx and STM32WB35xx microcontrollers, based on Arm® cores(@),

This document must be read in conjunction with the reference manual (RM0434), available
from the STMicroelectronics website www.st.com.

For information on the device errata with respect to the datasheet and reference manual
refer to the STM32WB55xx and STM32WB35xx errata sheet (ES0394), available from the
STMicroelectronics website www.st.com.

For information on the Arm® Cortex®-M4 and Cortex®-MO0+ cores, refer, respectively, to the
Cortex®-M4 Technical Reference Manual and to the Cortex®-M0+ Technical Reference
Manual, both available on the www.arm.com website.

For information on 802.15.4 refer to the IEEE website (www.ieee.org).

For information on Bluetooth® refer to www.bluetooth.com.

m{ 1573 €) Bluetoothh arm

a. Arm is a registered trademark of Arm Limited (or its subsidiaries) in the US and/or elsewhere.
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Description

The STM32WB55xx and STM32WB35xx multiprotocol wireless and ultra-low-power
devices embed a powerful and ultra-low-power radio compliant with the Bluetooth® Low
Energy SIG specification 5.2 and with IEEE 802.15.4-2011. They contain a dedicated Arm®
Cortex®-MO+ for performing all the real-time low layer operation.

The devices are designed to be extremely low-power and are based on the high-
performance Arm® Cortex®-M4 32-bit RISC core operating at a frequency of up to 64 MHz.
This core features a Floating point unit (FPU) single precision that supports all Arm®
single-precision data-processing instructions and data types. It also implements a full set of
DSP instructions and a memory protection unit (MPU) that enhances application security.

Enhanced inter-processor communication is provided by the IPCC with six bidirectional
channels. The HSEM provides hardware semaphores used to share common resources
between the two processors.

The devices embed high-speed memories (up to 1 Mbyte of Flash memory for

STM32WB55xx, up to 512 Kbytes for STM32WB35xx, up to 256 Kbytes of SRAM for
STM32WB55xx, 96 Kbytes for STM32WB35xx), a Quad-SPI Flash memory interface
(available on all packages) and an extensive range of enhanced I/Os and peripherals.

Direct data transfer between memory and peripherals and from memory to memory is
supported by fourteen DMA channels with a full flexible channel mapping by the DMAMUX
peripheral.

The devices feature several mechanisms for embedded Flash memory and SRAM: readout
protection, write protection and proprietary code readout protection. Portions of the memory
can be secured for Cortex® -M0+ exclusive access.

The two AES encryption engines, PKA and RNG enable lower layer MAC and upper layer
cryptography. A customer key storage feature may be used to keep the keys hidden.

The devices offer a fast 12-bit ADC and two ultra-low-power comparators associated with a
high accuracy reference voltage generator.

These devices embed a low-power RTC, one advanced 16-bit timer, one general-purpose
32-bit timer, two general-purpose 16-bit timers, and two 16-bit low-power timers.

In addition, up to 18 capacitive sensing channels are available for STM32WB55xx (not on
UFQFPN48 package). The STM32WB55xx also embed an integrated LCD driver up to 8x40
or 4x44, with internal step-up converter.

The STM32WB55xx and STM32WB35xx also feature standard and advanced
communication interfaces, namely one USART (ISO 7816, IrDA, Modbus and Smartcard
mode), one low- power UART (LPUART), two 12Cs (SMBus/PMBus), two SPIs (one for
STM32WB35xx) up to 32 MHz, one serial audio interface (SAI) with two channels and three
PDMs, one USB 2.0 FS device with embedded crystal-less oscillator, supporting BCD and
LPM and one Quad-SPI with execute-in-place (XIP) capability.

The STM32WB55xx and STM32WB35xx operate in the -40 to +105 °C (+125 °C junction)
and -40 to +85 °C (+105 °C junction) temperature ranges from a 1.71 to 3.6 V power supply.
A comprehensive set of power-saving modes enables the design of low-power applications.

The devices include independent power supplies for analog input for ADC.
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STM32WB55xx STM32WB35xx

The STM32WB55xx and STM32WB35xx integrate a high efficiency SMPS step-down
converter with automatic bypass mode capability when the Vp falls below Vgory (x=1, 2, 3,
4) voltage level (default is 2.0 V). It includes independent power supplies for analog input for

ADC and comparators, as well as a 3.3 V dedicated supply input for USB.

A Vg1 dedicated supply allows the devices to back up the LSE 32.768 kHz oscillator, the
RTC and the backup registers, thus enabling the STM32WB55xx and STM32WB35xx to
supply these functions even if the main Vpp is not present through a CR2032-like battery, a
Supercap or a small rechargeable battery.

The STM32WB55xx offer four packages, from 48 to 129 pins. The STM32WB35xx offer one
package, 48 pins.

Table 2. STM32WB55xx and STM32WB35xx devices features and peripheral counts

Feature STM32WB55Cx STM32WB55Rx STM32WB55Vx STM32WB35Cx
Flash 256 K |[512K| 1M [256K|512K| 1M |256K|512K| 1M |640K| 256 K | 512 K
Mempry SRAM 128 K| 256 K | 256 K | 128 K | 256 K | 256 K | 128 K | 256 K 256 K 96 K
?ti::g SRAM1 64 K 192 K 64 K 192K 64 K 192 K 32 KB
SRAM2 64 K
BLE 5.2 (2 Mbps)
802.15.4 Yes
Advanced 1 (16 bits)
o Sfr’;iri 2 (16 bits) + 1 (32 bits)
Low power 2 (16 bits)
SysTick 1
§ SPI 1 2 1
g 12C 2
2  |USART(™ 1
S [LPUART 1
-g SAl 2 channels
é USB FS Yes
3 |aQsPI 1
RTC 1
Tamper pin 1 3 1
Wakeup pin 2 5 2
LCD, COMXxSEG Yes, 4x13 Yes, 4x28 Yes, 8x40 or 4x44 No
GPIOs 30 49 72 30
Capacitive sensing No 6 18 No
12-bit ADC 13 channels 19 channels 13 channels
Number of channels (incl. 3 internal) (incl. 3 internal) (incl. 3 internal)
Internal V,g¢ Yes
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Description

Table 2. STM32WB55xx and STM32WB35xx devices features and peripheral counts (continued)

Feature STM32WB55Cx STM32WB55Rx STM32WB55Vx STM32WB35Cx
Analog comparator 2
Max CPU frequency 64 MHz
-40to
. -40 to +85 and -
(0] - . o
o § Ambient 40 to +85 and -40 to +105 °C ’:%5 40 to +105 °C
R
g3 40to
o & ; i i . -40 to +105 and
@ |Junction 40 to +105 and -40 to +125 °C +J((;)5 40 to +125 °C
Operating voltage 1.71t03.6 V
UFQFPN48 VFQFPN68 WLCSP100 UFQFPN48
Packade 7 mmx7 mm 8 mm x 8 mm 0.4 mm pitch 7mmx7mm
9 0.5 mm pitch, 0.4 mm pitch, UFBGA129 0.5 mm pitch,
solder pad solder pad 0.5 mm pitch ) solder pad
1. USART peripheral can be used as SPI.
Kys DS11929 Rev 11 15/193

Downloaded from AFfOW.com.



http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
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Figure 1. STM32WB55xx block diagram

< > APB asynchronous )
3 ¥
2
o
NVIC QS BLEIP ||802.15.4 roe
2 5] 15 Lsi2
a = 32 kHz
© | [ |
Cortex-M0+ .- BLE /802.15.4 HSE2 )|
RF IP 32 MHz
> 32 KB SRAM2a WKUP e
, Backup BLE
7'y j (LSE
<—>{ RTC2 J—jb *T1 32kHz
m Z = 4.;_2 KB SRAM2b 1 T
Q x
= E < g < -wpG []* 32 kHz
SllomE : PKA + RAM
P e TR =
E o & s TAMP
2 & < = HSEM
s
AN
ETM | NVIC P 2
-
@ IPCC
Cortex-M4 =
(DSP) RCC + CSS

Power supply POR/
PR
DMA1 7 channels
® _, USB FS + RAM
DMA2 7 channels F T
— < Up to 192 KB WWDG
DMAMUX SRAM1 DBG
GPIO Ports | Temp (°C) sensor
A,B,C,D,E,H : SPI1
ADC1 16-bit ULP
TSC LCD

12C1

APB 12C3
TIM1

AES1

[

LPTIMT LPUART1

LPTIM2

TIM2 USART1

SAI1

TIM16, TIM17 SYSCFG/COMP/VREF

,
\.

3

16/193 DS11929 Rev 11

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

STM32WB55xx STM32WB35xx

Description

Figure 2. STM32WB35xx block diagram

NVIC

Cortex-M0+

JTAG/SWD
Up to 512 KB
Flash
Shared memory
Arbiter + ART

QSPI - XIP

DMA1 7 channels

DMAZ2 7 channels

DMAMUX

GPIO Ports
A B,CEH

CRC

AES1

[

LPTIM1
LPTIM2

SAI1

'R
4 > APB asynchronous )
o 2 2
o é RCC2
o
® I £t BLEIP | |802.15.4
2 3 [W}
o 2 32 kHz
I ®© I 1
< BLE /802.15.4 HSE2 V|
RF IP 32 MHz
- 32 KB SRAM2a WKUP e
., ) e Backup J [ BLE )j
A 1 LSE
32 KB SRAM2b L &0
PKA + RAM
) HSEM
o
g
Y. e RNG
- 2 HSI 1%
- 16 MHz
Q IPCC
I
<
RCC + CSS
Power supply POR/
PDR/BOR/PVD/AVD
EXTI CRS RC48
Q
| 3 AES2 USB FS + RAM
T
, <<

32 KB SRAM1

Temp (°C) sensor

ADC1 16-bit ULP
4.26 Msps / 19 ch

APB
TIM1
TIM2

TIM16, TIM17

WWDG

o
()

SPI1

12C1
12C3
LPUART1

USART1

SYSCFG/COMP

3

DS11929 Rev 11

17/193

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Functional overview STM32WB55xx STM32WB35xx

3

3.1

3.2

18/193

Functional overview

Architecture

The STM32WB55xx and STM32WB35xx multiprotocol wireless devices embed a BLE and
an 802.15.4 RF subsystem that interfaces with a generic microcontroller subsystem using
an Arm® Cortex®-M4 CPU (called CPU1) on which the host application resides.

The RF subsystem is composed of an RF analog front end, BLE and 802.15.4 digital MAC
blocks as well as of a dedicated Arm® Cortex®-M0+ microcontroller (called CPU2), plus
proprietary peripherals. The RF subsystem performs all of the BLE and 802.15.4 low layer
stack, reducing the interaction with the CPU1 to high level exchanges.

Some functions are shared between the RF subsystem CPU (CPU2) and the Host CPU
(CPU1):

e Flash memories

¢ SRAM1, SRAM2a and SRAM2b (SRAM2a can be retained in Standby mode)

e  Security peripherals (RNG, AES1, PKA)

e Clock RCC

e  Power control (PWR)

The communication and the sharing of peripherals between the RF subsystem and the

Cortex®-M4 CPU is performed through a dedicated inter processor communication
controller (IPCC) and semaphore mechanism (HSEM).

Arm® Cortex®-M4 core with FPU

The Arm® Cortex®-M4 with FPU is a processor for embedded systems. It has been
developed to provide a low-cost platform that meets the needs of MCU implementation, with
a reduced pin count and low-power consumption, while delivering outstanding
computational performance and an advanced response to interrupts.

The Arm® Cortex®-M4 with FPU 32-bit RISC processor features exceptional
code-efficiency, delivering the high-performance expected from an Arm® core in the
memory size usually associated with 8- and 16-bit devices.

The processor supports a set of DSP instructions enabling efficient signal processing and
complex algorithm execution.

Its single precision FPU speeds up software development by using metalanguage
development tools, while avoiding saturation.

With its embedded Arm® core, the STM32WB55xx and STM32WB35xx are compatible with
all Arm® tools and software.

Figure 1 and Figure 2 show the general block diagram of, respectively, the STM32WB55xx
and STM32WB35xx devices.
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3.3

3.3.1

3.3.2

3.3.3

3

Memories

Adaptive real-time memory accelerator (ART Accelerator)

The ART Accelerator is a memory accelerator optimized for STM32 industry-standard Arm®
Cortex®-M4 processors. It balances the inherent performance advantage of the Arm®
Cortex®-M4 over Flash memory technologies, which normally require the processor to wait
for the Flash memory at higher frequencies.

To release the processor near 80 DMIPS performance at 64 MHz, the accelerator
implements an instruction prefetch queue and branch cache, which increases program
execution speed from the 64-bit Flash memory. Based on CoreMark benchmark, the
performance achieved thanks to the ART accelerator is equivalent to 0 wait state program
execution from Flash memory at a CPU frequency up to 64 MHz.

Memory protection unit

The memory protection unit (MPU) is used to manage the CPU1 accesses to memory to
prevent one task to accidentally corrupt the memory or resources used by any other active
task. This memory area is organized into up to eight protected areas, which can be divided
up into eight subareas. The protection area sizes are between 32 bytes and the whole

4 Gbytes of addressable memory.

The MPU is especially helpful for applications where some critical or certified code must be
protected against the misbehavior of other tasks. It is usually managed by an RTOS
(real-time operating system). If a program accesses a memory location prohibited by the
MPU, the RTOS detects it and takes action. In an RTOS environment, the kernel can
dynamically update the MPU area setting, based on the process to be executed.

The MPU is optional and can be bypassed for applications that do not need it.

Embedded Flash memory

The STM32WB55xx and STM32WB35xx devices feature, respectively, up to 1 Mbyte and
512 Kbytes of embedded Flash memory available for storing programs and data, as well as
some customer keys.
Flexible protections can be configured thanks to option bytes:
e Readout protection (RDP) to protect the whole memory. Three levels are available:

—  Level 0: no readout protection

—  Level 1: memory readout protection: the Flash memory cannot be read from or
written to if either debug features are connected, boot in SRAM or bootloader is
selected

—  Level 2: chip readout protection: debug features (Cortex®—M4 and Cortex®-M0+
JTAG and serial wire), boot in SRAM and bootloader selection are disabled (JTAG
fuse). This selection is irreversible.
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Functional overview STM32WB55xx STM32WB35xx

Table 3. Access status vs. readout protection level and execution modes

User execution Debug, boot from SRAM or boot
A Protection from system memory (loader)
rea level

Read Write Erase Read Write Erase
Main 1 Yes Yes Yes No No No
memory 2 Yes Yes Yes N/A N/A N/A
System 1 Yes No No Yes No No
memory 2 Yes No No N/A N/A N/A
Option 1 Yes Yes Yes Yes Yes Yes
bytes 2 Yes No(" No(" N/A N/A N/A

Backup 1 Yes Yes N/A2) No No N/A(2)
registers 2 Yes Yes N/A N/A N/A N/A

SRAM2a 1 Yes Yes Yes? No No No@
SRAM2b 2 Yes Yes Yes N/A N/A N/A

1. The option byte can be modified by the RF subsystem.
2. Erased when RDP changes from Level 1 to Level 0.

o  Write protection (WRP): the protected area is protected against erasing and
programming. Two areas can be selected, with 4-Kbyte granularity.

e  Proprietary code readout protection (PCROP): two parts of the Flash memory can be
protected against read and write from third parties. The protected area is execute-only:
it can only be reached by the STM32 CPU, as an instruction code, while all other
accesses (DMA, debug and CPU data read, write and erase) are strictly prohibited.
Two areas can be selected, with 2-Kbyte granularity. An additional option bit
(PCROP_RDP) makes possible to select if the PCROP area is erased or not when the
RDP protection is changed from Level 1 to Level 0.

A section of the Flash memory is secured for the RF subsystem CPU2, and cannot be
accessed by the host CPU1.

The whole non-volatile memory embeds the error correction code (ECC) feature supporting:
e single error detection and correction

e double error detection

e the address of the ECC fail can be read in the ECC register

The embedded Flash memory is shared between CPU1 and CPU2 on a time sharing basis.
A dedicated HW mechanism allows both CPUs to perform Write/Erase operations.

3
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3.34

3.4

3

Embedded SRAM

The STM32WB55xx devices feature up to 256 Kbytes of embedded SRAM, split in three
blocks:

e  SRAM1: up to 192 Kbytes mapped at address 0x2000 0000

e SRAM2a: 32 Kbytes located at address 0x2003 0000 also mirrored at 0x1000 0000,
with hardware parity check (this SRAM can be retained in Standby mode)

e SRAM2b: 32 Kbytes located at address 0x2003 8000 (contiguous with SRAMZ2a) and
mirrored at 0x1000 8000 with hardware parity check

The STM32WB35xx devices feature 96 Kbytes of embedded SRAM, split in three blocks:

e SRAM1: 32 Kbytes mapped at address 0x2000 0000

e SRAM2a: 32 Kbytes located at address 0x2003 0000 also mirrored at 0x1000 0000,
with hardware parity check (this SRAM can be retained in Standby mode)

e SRAM2b: 32 Kbytes located at address 0x2003 8000 (contiguous with SRAM2a) and
mirrored at 0x1000 8000 with hardware parity check

SRAM2a and SRAM2b can be write-protected, with 1-Kbyte granularity. A section of the
SRAM2a and SRAM2b is secured for the RF sub-system and cannot be accessed by the
host CPU1.

The SRAMSs can be accessed in read/write with 0 wait states for all CPU1 and CPU2 clock
speeds.

Security and safety

The STM32WB55xx and STM32WB35xx contain many security blocks both for the BLE or
IEEE 802.15.4 and the Host application.

It includes:

e  Customer storage of the BLE and 802.15.4 keys

e  Secure Flash memory partition for RF subsystem-only access

e  Secure SRAM partition, that can be accessed only by the RF subsystem

e  True random number generator (RNG)

e Advance encryption standard hardware accelerators (AES-128bit and AES-256bit,
supporting chaining modes ECB, CBC, CTR, GCM, GMAC, CCM)

e  Private key acceleration (PKA) including:
—  Modular arithmetic including exponentiation with maximum modulo size of 3136
bits
—  Elliptic curves over prime field scalar multiplication, ECDSA signature, ECDSA
verification with maximum modulo size of 521 bits
e  Cyclic redundancy check calculation unit (CRC)
A specific mechanism is in place to ensure that all the code executed by the RF subsystem

CPU2 can be secure, whatever the Host application. For the AES1 a customer key can be
managed by the CPU2 and used by the CPU1 to encrypt/decrypt data.
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3.5

3.6

3.6.1

22/193

Boot modes and FW update

At startup, BOOTO pin and BOOT1 option bit are used to select one of three boot options:
e  Boot from user Flash

e  Boot from system memory

e  Boot from embedded SRAM

The devices always boot on CPU1 core. The embedded bootloader code makes it possible
to boot from various peripherals:

e USB
e UART
e [2C

e SPI

Secure Firmware update (especially BLE and 802.15.4) from system boot and over the air is
provided.

RF subsystem

The STM32WB55xx and STM32WB35xx embed an ultra-low power multi-standard radio
Bluetooth® Low Energy (BLE) and 802.15.4 network processor, compliant with Bluetooth®
specification 5.2 and IEEE® 802.15.4-2011. The BLE features 1 Mbps and 2 Mbps transfer
rates, supports multiple roles simultaneously acting at the same time as BLE sensor and
hub device, embeds Elliptic Curve Diffie-Hellman (ECDH) key agreement protocol, thus
ensuring a secure connection.

The BLE stack and 802.15.4 Low Level layer run on an embedded Arm® Cortex®-M0+ core
(CPU2). The stack is stored on the embedded Flash memory, which is also shared with the
Arm® Cortex®-M4 (CPU1) application, making it possible in-field stack update.

RF front-end block diagram

The RF front-end is based on a direct modulation of the carrier in Tx, and uses a low |IF
architecture in Rx mode.

Thanks to an internal transformer at RF pins, the circuit directly interfaces the antenna
(single ended connection, impedance close to 50 Q). The natural bandpass behavior of the
internal transformer, simplifies outside circuitry aimed for harmonic filtering and out of band
interferer rejection.

In Transmit mode, the maximum output power is user selectable through the programmable
LDO voltage of the power amplifier. A linearized, smoothed analog control offers clean
power ramp-up.

In receive mode the circuit can be used in standard high performance or in reduced power
consumption (user programmable). The Automatic gain control (AGC) is able to reduce the
chain gain at both RF and IF locations, for optimized interference rejection. Thanks to the
use of complex filtering and highly accurate 1/Q architecture, high sensitivity and excellent
linearity can be achieved.

The bill of material is reduced thanks to the high degree of integration. The radio frequency
source is synthesized form an external 32 MHz crystal that does not need any external
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trimming capacitor network thanks to a dual network of user programmable integrated
capacitors.

Figure 3. STM32WB55xx and STM32WB35xx RF front-end block diagram
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- UFQFPN48 and VFQFPNGB8: Vss through exposed pad, and Vssgr pin must be connected to ground plane

- WLCSP100 and UFBGA129: Vssre pins must be connected to ground plane

3.6.2 BLE general description

The BLE block is a master/slave processor, compliant with Bluetooth specification 5.2
standard (2 Mbps).

3
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It integrates a 2.4 GHz RF transceiver and a powerful Cortex®-MO0+ core, on which a
complete power-optimized stack for Bluetooth Low Energy protocol runs, providing
master / slave role support

e  GAP: central, peripheral, observer or broadcaster roles
e ATT/GATT: client and server

e  SM: privacy, authentication and authorization

e L2CAP

e Link layer: AES-128 encryption and decryption

In addition, according to Bluetooth specification 5.2, the BLE block provides:

e  Multiple roles simultaneous support

e Master/slave and multiple roles simultaneously

e LE data packet length extension (making it possible to reach 800 kbps at application
level)

e LE privacy 1.2

e LE secure connections

e Flexible Internet connectivity options

e High data rate (2 Mbps)

The device allows the applications to meet the tight peak current requirements imposed by
the use of standard coin cell batteries. When the high efficiency embedded SMPS
step-down converter is used, the RF front end consumption (lyya4) is only 8.1 mA at the
highest output power (+6 dBm).

The power efficiency of the subsystem is optimized: while running with the radio and the
applicative cores simultaneously using the SMPS, the Cortex®-M4 core consumption
reaches 53 pA/ MHz in active mode.

Ultra-low-power sleep modes and very short transition time between operating modes result
in very low average current consumption during real operating conditions, resulting in longer
battery life.

The BLE block integrates a full bandpass balun, thus reducing the need for external
components.

The link between the Cortex®-M4 application processor (CPU1) running the application, and
the BLE stack running on the dedicated Cortex®-M0+ (CPU2) is performed through a
normalized API, using a dedicated IPCC.
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3.6.3 802.15.4 general description

The STM32WB55xx and STM32WB35xx embed a dedicated 802.15.4 hardware MAC:
e  Support for 802.15.4 release 2011

e Advanced MAC frame filtering; hardwired firewall: Programmabile filters based on
source/destination addresses, frame version, security enabled, frame type

e 256-byte RX FIFO; Up to 8 frames capacity, additional frame information (timing, mean
RSSI, LQI)

e 128-byte TX FIFO with retention
—  Content not lost, retransmissions possible under CPU2 control
e Automatic frame acknowledgment, with programmable delay
e Advanced channel access features
Full CSMA-CA support
Superframe timer
Beaconing support (require LSE)
Flexible TX control with programmable delay

e Configuration registers with retention available down to Standby mode for
software/auto-restore

e  Autonomous sniffer, Wakeup based on timer or CPU2 request

e Automatic frame transmission/reception/sleep periods, Interrupt to the CPU2 on
particular events

3.6.4 RF pin description
The RF block contains dedicated pins, listed in Table 4.

Table 4. RF pin list

Name Type Description
RF1 RF Input/output, must be connected to the antenna through a low-pass matching network
OSC_OouT
32 MHz main oscillator, also used as HSE source
OSC_IN /0
RF_TX_ .
MOD_EXT_PA External PA transmit control

VDDRF Vpp | Dedicated supply, must be connected to Vpp
VSSRF( Vgs | To be connected to GND

1. On packages with exposed pad, this pad must be connected to GND plane for correct RF operation.

3.6.5 Typical RF application schematic

The schematic in Figure 4 and the external components listed in Table 4 are purely
indicative. For more details refer to the “Reference design” provided in separate documents.
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Figure 4. External components for the RF part

OSC_IN
X1 = 32 MHz
0SC_ouT
VDD
VDDRF
STM32WB _1_01 Antenna
. VSSRF[ ] I||
microco ntro| |er (including exposed pad)
Lf1
RF1[ ] Antenna filter
I

Table 5. Typical external components

Component Description Value
C1 Decoupling capacitance for RF 100 nF // 100 pF
X1 32 MHz crystal(") 32 MHz

Antenna filter

Antenna filter and matching network

Refer to AN5165, on www.st.com

Antenna

2.4 GHz band antenna

1. e.g. NDK reference: NX2016SA 32 MHz EXS00A-CS06654.

microcontrollers” available on www.st.com.

Power supply management

Power supply distribution

For more details refer to AN5165 “Development of RF hardware using STM32WB

The device integrate an SMPS step-down converter to improve low power performance
when the Vpp voltage is high enough. This converter has an intelligent mode that
automatically enters in bypass mode when the Vpp voltage falls below a specific BORx

By default, at Reset the SMPS is in bypass mode.

The device can be operated without the SMPS by just wiring its output to Vpp. This is the
case for applications where the voltage is low, or where the power consumption is not

Note:

3.7

3.71
(x=1, 2, 3 or4)voltage.
critical.

26/193

DS11929 Rev 11

S74

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

STM32WB55xx STM32WB35xx Functional overview

Figure 5. Power distribution

Vob gg Voo gg

BB VDDSMPS T —
| swps T —

= = _&7

SMPS mode or VLXSMPS
L1 BYPASS mode (not used)
LPR LPR
| rBsMPS | |
RFR MR RFR MR
SMPS configuration LDO configuration
MS41409V4

Table 6. Power supply typical components

Component Description Value
C2 SMPS output capacitor(” 4.7 uF
For 8 MHz(®) 2.2 uH

L1 SMPS inductance
For 4 MHz® 10 uH

1. e.g. GRM155R60J475KE19.

2. Anextra 10 nH inductor in series with L1 is needed to improve the receiver performance,
e.g Murata LQG15WZ10NJ02D

3. e.g. Wurth 74479774222.
4. e.g. Murata LQM21FN100M70L.

The SMPS can also be switched on or set in bypass mode at any time by the application
software, for example when very accurate ADC measurement are needed.

3.7.2 Power supply schemes

The devices have different voltage supplies (see Figure 7 and Figure 8) and can operate
within the following voltage ranges:

e Vpp=1.711t0 3.6 V: external power supply for 1/0s (Vpp,o), the internal regulator and
system functions such as RF, SMPS, reset, power management and internal clocks. It
is provided externally through VDD pins. Vppre @and Vppsmps must be always
connected to VDD pins.

e Vppa =1.62 (ADC/COMPs) to 3.6 V: external analog power supply for ADC,
comparators and voltage reference buffer. The Vpp, voltage level can be independent
from the Vpp voltage. When not used Vppa must be connected to Vpp.

e  Vppyse = 3.0to 3.6 V: external independent power supply for USB transceivers. When
not used Vppysg must be connected to Vpp.

e Vi cp=2.5103.6V:the LCD controller can be powered either externally through the
VLCD pin, or internally from an internal voltage generated by the embedded step-up
converter. This converter can generate a V| ¢p voltage up to 3.6 V if Vpp is higher than
2.0 V. Note that the LCD is available only on STM32WB55xx devices.

3
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Functional overview STM32WB55xx STM32WB35xx

During power up/down, the following power sequence requirements must be respected:

e When Vpp is below 1 V the other power supplies (Vppa, Vpopuse: Vicp), must remain
below Vpp + 300 mV

e  When Vpp is above 1V all power supplies are independent.

Figure 6. Power-up/down sequence

VA

3.6 |
I
I
I
I
: VDD
I
I
|

Veoro [f——————— ': R e
| I
| |
) A e o s S|

I I
I |
| |
I |
I |
| I

0.3 eSS T T T T T T T T T T T T T T T T T e oo o o o
I | |
am— : >

Power-on Operating mode Power-down time
D Invalid supply area D Vppx < Vpp + 300 mV D Vppx independent from Vpp
MSv47490V1

1. Vppx refers to any power supply among Vppa, Vopusg and Vi cp-

During the power down phase, Vpp can temporarily become lower than other supplies only
if the energy provided to the MCU remains below 1 mJ. This allows the external decoupling
capacitors to be discharged with different time constants during the power down transient

phase.

Note: Voo, Vopre and Vppsups must be wired together, so they can follow the same voltage
sequence.
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Figure 7. STM32WB55xx - Power supply overview
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- switch i switch ]
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Ves ~ CTTTTTTmTmmTmmmmmmmmmmmomoooooes | | e [T
VSS VSS
Vessups L1 "™ WR
Vixsmps [l SuPS
Vbosmps > RFR
Vsssmps ——
LPR
VboRF [ ] N
{RF domain i TSRS G ;
| y Y ; :Backup domain ;
i Radio P L Veretz f srAM2a | |
Vssrr E --------------------- + ------------------- Power switch i
R e
Vss v
. . Ss
(including exposed pad) Emmm e -
:Wakeup domain (Vppio) i
) : > HSI, HSET, | |
VDD i i Power switch 2xPLL,
iy [ Vsw LS, LSI2,
Vearr— L 3 IWDG, RF
i_ __________________________________________________ E_ VSS
* Y Switch domain (Vsw)
VBAT 0 LSE, RTC,
I0s logi backup
ogic . ]
registers ]
I i — Vss
V e e e e 1
VLCDf = »| LcD
Vooar}— ; ; Analog domain!
' REF_BUFH ADC i
VRer+ [ o VRer+ a E
VREF- E
Vssaj l_ i | i
Vbouss +
VUSB uss i
10s transceiver i
: . -
i USB domain (Vysg) ! Vss
Vss """""""""""""""
MS41410V7

1. The USB transceiver is powered by Vppysg, and the GPIOs associated with USB are powered by Vppysg
when USB alternate function (PA11 and PA12) is selected. When USB alternate function is not selected
the GPIOs associated with USB are powered as standard GPIOs.
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Figure 8. STM32WB35xx - Power supply overview

Interruptible domain (Vpp12) On domain (Vop120)
G (CPU1, CPU2, E ; SysConfig, AIEC :
£ eripherals, . 1o, Yy g9, N
0 Zlo| eram T | fet| R Pwict, ||
E logic SRAM2b) il i gl LPTIM, LPUSART
) Power ) Power
- switch i switch
A D L I I
Vss T T
VSS VSS
Vessmps L1 "™ WR
Vixsups [l
v ~ | SMPS
DDSMPS » RFR
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VboRF [} S | .
‘RF domain ! Fmmmmemsmmsmooo-
| y y ! Backup domain ;
: Radio | ler v ]
i : e BKP12 Bl SRAM2a | !
VSSRFE --------------------- + ------------------- i Power switch i
oo E—
Vss v
. . Ss
(including exposed pad) P ——
{Wakeup domain (Vppio) ’
] : > HSI, HSEA,
VDD i t Power switch 2xPLL,
e e SEAY LS, LSI2,
Vear [ IWDG, RF
R = Vss
* Y Switch domain (Vsw)
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1. The USB transceiver is powered by Vppysg, and the GPIOs associated with USB are powered by Vppysg
when USB alternate function (PA11 and PA12) is selected. When USB alternate function is not selected
the GPIOs associated with USB are powered as standard GPIOs.

30/193 DS11929 Rev 11 ‘Yl

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

STM32WB55xx STM32WB35xx Functional overview

3.7.3

3.74

3.7.5

3

Linear voltage regulator

Three embedded linear voltage regulators supply most of the digital and RF circuitries, the
main regulator (MR), the low-power regulator (LPR) and the RF regulator (RFR).

e The MR is used in the Run and Sleep modes and in the Stop 0 mode.

e The LPRis used in Low-Power Run, Low-Power Sleep, Stop 1 and Stop 2 modes. It is
also used to supply the SRAM2a in Standby with retention.

e The RFR s used to supply the RF analog part, its activity is automatically managed by
the RF subsystem.

All the regulators are in power-down in Standby and Shutdown modes: the regulator output
is in high impedance, and the kernel circuitry is powered down, inducing zero consumption.

The ultralow-power STM32WB55xx and STM32WB35xx support dynamic voltage scaling to
optimize its power consumption in run mode. The voltage from the main regulator that
supplies the logic (VCORE) can be adjusted according to the system’s maximum operating
frequency.

There are two voltage and frequency ranges:
e Range 1, with the CPU running up to 64 MHz

e Range 2, with a maximum CPU frequency of 16 MHz (note that HSE can be active in
this mode). All peripheral clocks are also limited to 16 MHz.

VCORE can also be supplied by the low-power regulator, the main regulator being switched
off. The system is then in Low-power run mode. In this case the CPU is running at up to

2 MHz, and peripherals with independent clock can be clocked by HSI16 (in this mode the
RF subsystem is not available).

Power supply supervisor

An integrated ultra-low-power brown-out reset (BOR) is active in all modes except
Shutdown ensuring proper operation after power-on and during power down. The devices
remain in reset mode when the monitored supply voltage Vpp is below a specified
threshold, without the need for an external reset circuit.

The lowest BOR level is 1.71 V at power on, and other higher thresholds can be selected
through option bytes.The device features an embedded programmable voltage detector
(PVD) that monitors the Vpp power supply and compares it with the Vpyp threshold. An
interrupt can be generated when Vpp drops below the Vpyp threshold and/or when Vpp is
higher than the Vpyp threshold. The interrupt service routine can then generate a warning
message and/or put the MCU into a safe state. The PVD is enabled by software.

In addition, the devices embed a peripheral voltage monitor (PVM) that compares the
independent supply voltage Vppa with a fixed threshold to ensure that the peripheral is in its
functional supply range.

Any BOR level can also be used to automatically switch the SMPS step-down converter in
bypass mode when the Vpp voltage drops below a given voltage level. The mode of
operation is selectable by register bit, the BOR level is selectable by option byte.

Low-power modes

These ultra-low-power devices support several low-power modes to achieve the best
compromise between low-power consumption, short startup time, available peripherals and
available wakeup sources.
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By default, the microcontroller is in Run mode, Range 1, after a system or a power on
Reset. It is up to the user to select one of the low-power modes described below:

32/193

Sleep

In Sleep mode, only the CPU1 is stopped. All peripherals, including the RF subsystem,
continue to operate and can wake up the CPU when an interrupt/event occurs.

Low-power run

This mode is achieved with VCORE supplied by the low-power regulator to minimize
the regulator operating current. The code can be executed from SRAM or from the
Flash memory, and the CPU1 frequency is limited to 2 MHz. The peripherals with
independent clock can be clocked by HSI116. The RF subsystem is not available in this
mode and must be OFF.

Low-power sleep

This mode is entered from the low-power run mode. Only the CPU1 clock is stopped.
When wakeup is triggered by an event or an interrupt, the system reverts to the
low-power run mode. The RF subsystem is not available in this mode and must be
OFF.

Stop 0, Stop 1 and Stop 2

Stop modes achieve the lowest power consumption while retaining the content of all
the SRAM and registers. The LSE (or LSI) is still running.

The RTC can remain active (Stop mode with RTC, Stop mode without RTC).

Some peripherals with wakeup capability can enable the HSI16 RC during Stop modes
to detect their wakeup condition.

Three modes are available: Stop 0, Stop 1 and Stop 2. In Stop 2 mode, most of the
VCORE domain is put in a lower leakage mode.

Stop 1 offers the largest number of active peripherals and wakeup sources, a smaller
wakeup time but a higher consumption than Stop 2. In Stop 0 mode the main regulator
remains ON, allowing a very fast wakeup time but with higher consumption.

In these modes the RF subsystem can wait for incoming events in all Stop modes.

The system clock when exiting from Stop 0, Stop1 or Stop2 modes can be either MSI
up to 48 MHz or HSI16 if the RF subsystem is disabled. If the RF subsystem or the
SMPS is used the exits must be set to HS116 only. If used, the SMPS is restarted
automatically.

Standby

The Standby mode is used to achieve the lowest power consumption with BOR. The
internal regulator is switched off so that the VCORE domain is powered off.

The RTC can remain active (Standby mode with RTC).

The brown-out reset (BOR) always remains active in Standby mode.

The state of each I/O during standby mode can be selected by software: I/O with
internal pull-up, internal pull-down or floating.

After entering Standby mode, SRAM1, SRAM2b and register contents are lost except
for registers in the Backup domain and Standby circuitry. Optionally, SRAMZ2a can be
retained in Standby mode, supplied by the low-power regulator (Standby with 32 KB
SRAM2a retention mode).

The device exits Standby mode when an external reset (NRST pin), an IWDG reset,
WKUP pin event (configurable rising or falling edge), or an RTC event occurs (alarm,
periodic wakeup, timestamp, tamper) or a failure is detected on LSE (CSS on LSE, or
from the RF system wakeup).
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The system clock after wakeup is 16 MHz, derived from the HSI16. If used, the SMPS
is restarted automatically.
In this mode the RF can be used.

e  Shutdown

The Shutdown mode allows to achieve the ultimate lowest power consumption. The
internal regulator is switched off so that the VCORE domain is powered off.

The RTC can remain active (Shutdown mode with RTC, Shutdown mode without RTC).
The BOR is not available in Shutdown mode. No power voltage monitoring is possible
in this mode, therefore the switch to Backup domain is not supported.

SRAM1, SRAM2a, SRAM2b and register contents are lost except for registers in the
Backup domain.

The device exits Shutdown mode when an external reset (NRST pin), a WKUP pin
event (configurable rising or falling edge), or an RTC event occurs (alarm, periodic
wakeup, timestamp, tamper).

The system clock after wakeup is 4 MHz, derived from the MSI.

In this mode the RF is no longer operational.
When the RF subsystem is active, it changes the power state according to its needs (Run,
Stop, Standby). This operation is transparent for the CPU1 host application and managed by

a dedicated HW state machine. At any given time the effective power state reached is the
higher one needed by both the CPU1 and RF sub-system.

Table 7 summarizes the peripheral features over all available modes. Wakeup capability is
detailed in gray cells.

Table 7. Features over all modes(?)

Stop0/Stop1 Stop 2 Standby |Shutdown

- | «~ s |8 2 2 2 2
5 8| o502 2 = = .
Peripheral® S| 8 % § % § § § § <
s |5 Slel" 2| el 2| e

2 2 = =
CPU1 Y -l Y | - - - - - e T
CPU2 Y -l Y | - - . - - - e - . -

EaLdEi‘,’ ;g;t?? 2 Y (YO vy | | - | Y Y |Y Y |Y® Y&

Flash memory y ® Y |0® 0B | R - R -|R -|R - |R
SRAM1 Y YO v [ YD R - R - - e - e -
SRAM2a Y YO v [YD] R - R - |IR®
SRAM2b Y YO v | YD R . R 5 - e - -
Quad-SPI o) o|o]|oO - - - - - e - e -
Backup registers Y Y Y Y - - R - R - R
Brown-out reset (BOR) Y Y Y | Y Y Y Y - - -
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Table 7. Features over all modes(! (continued)
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USB FS o - o - - - o - - - - - - -
USART1 o] oO| o] o |0 o4 . - - - - -]
Low-power UART (14) (14) (14) (14) _ _ _ _ _
(LPUART1) O Ol 0| 0|0 O 0] O
12C1 o] o|o | o |0 o5 . N - N - BN -
12C3 o) O 0| o |0 oot otd . . | . . |-
SPIx (x=1, 2) O Ol 0| O - - - - - - - - -
SAI1 O Ol 0| O - - - - - - - - -
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Table 7. Features over all modes(! (continued)

Stop0/Stop1 Stop 2 Standby |Shutdown
o
- | ~ S| 8 > > > >
AR I 3 = El E
c c Q| o = =
Peripheral® s | g | $| 2|2 2 2 8 8| g
(14 x = 8_ 2 © © © ©
p= P 7] C 8 - o - o - o - o | >
2|2 AR g g g g
@ o 3 o o o o o
. 3 3 3 3
= = = =
ADCA1 (0] 0] (0] (0] - - - - - - - - -
VREFBUF (0] (0] (0] (0] (0] - - - - - - - -
COMPx (x=1, 2) (0] 0] (0] 0] (0] (0] (0] (0] - - - - -
Temperature sensor (0] (0] (0] (0] - - - - - - - - -
Timers TIMx
(x=1, 2, 16, 17) © ©10]0 ) ) ) ) T . ) T
Low-power Timer 1
(LPTIM1) (0] (0] (0] (0] (0] (0] (0] (0] - - - - -
Low-power Timer 2
(LPTIM2) o 01010 o © . ) ) ) . T
Independent watchdog
(IWDG) (0] 0] (0] 0] (0] (0] 0] (0] 0] (0] - - -
Window watchdog
(WWDG) © o o o ) ) ) ) ) ) ) ) )
SysTick timer (0] oO| O (0] - - - - - - - - -
Touch sensing controller
(TSC) (0] 0] (0] 0] - - - - - - - - -
True random number o ) o ) ) ) ) ) ) ) ) ) _ _
generator (RNG)
AES2 hardware accelerator (0] O| 0| O - - - - - - - - -
CRC calculation unit (0] O| 0| O - - - - - - - - -
IPCC (0] - (0] - - - - - - - - - -
HSEM (0] - (0] - - - - - - - - - -
PKA (0] 0] (0] 0] - = - = - = - = -
GPIOs o olo|lo| o oo oW S5|lan 5|
pins pins
1. Legend: Y = Yes (Enabled), O = Optional (Disabled by default, can be enabled by software), R = Data retained,
- = Not available.
2. Available peripherals depend upon package, STM32WB35xx features one SPI, no LCD, no TSC and two wakeup pins. See
Table 2: STM32WB55xx and STM32WB35xx devices features and peripheral counts for more details.
3. Bluetooth® Low Energy not possible in this mode.
4. Standby with SRAM2a retention mode only.
5. Flash memory programming only possible in Range 1 voltage, not in Range 2 and not in Low Power mode.
6. The Flash memory can be configured in Power-down mode. By default, it is not in Power-down mode.
7. The SRAM clock can be gated on or off.
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SRAM2a content is preserved when the bit RRS is set in PWR_CRS register.

Stop 0 only. SMPS is automatically switched to Bypass or Open mode during Low power operation.

. Some peripherals with wakeup from Stop capability can request HSI16 to be enabled. In this case, HSI16 is woken up by

the peripheral, and only feeds the peripheral which requested it. HSI116 is automatically put off when the peripheral does not
need it anymore.

11. The HSE can be used by the RF subsystem according with the need to perform RF operation (Tx or Rx).

12. MSI maximum frequency.

13. In case RF will be used and HSE will fail.

14. UART and LPUART reception is functional in Stop mode, and generates a wakeup interrupt on Start, address match or
received frame event.

15. 12C address detection is functional in Stop mode, and generates a wakeup interrupt in case of address match.

16. 1/0Os can be configured with internal pull-up, pull-down or floating in Standby mode.

17. 1/Os can be configured with internal pull-up, pull-down or floating in Shutdown mode but the configuration is lost when
exiting the Shutdown mode.
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3.7.6 Reset mode
To improve the consumption under reset, the I/Os state under and after reset is “analog
state” (the 1/0 Schmitt trigger is disabled). In addition, the internal reset pull-up is
deactivated when the reset source is internal.
3.8 VBAT operation
The VBAT pin allows to power the device VBAT domain (RTC, LSE and Backup registers)
from an external battery, an external supercapacitor, or from Vpp when no external battery
nor an external supercapacitor are present. Three anti-tamper detection pins are available
in VBAT mode.
VBAT operation is automatically activated when Vpp is not present.
An internal VBAT battery charging circuit is embedded and can be activated when Vpp is
present.
Note: When the microcontroller is supplied only from VBAT, external interrupts and RTC
alarm/events do not exit it from VBAT operation.
3.9 Interconnect matrix
Several peripherals have direct connections between them. This allows autonomous
communication between peripherals, saving CPU1 resources and, consequently, reducing
power supply consumption. In addition, these hardware connections result in fast and
predictable latency.
Depending on peripherals, these interconnections can operate in Run, Sleep, Low-power
run and Sleep, Stop 0, Stop 1 and Stop 2 modes.
Table 9. STM32WB55xx and STM32WB35xx CPU1 peripherals interconnect matrix
g -
= E Q
clal8 2|3
Source Destination Action 5| 8|2|2|=|%
8|8
3 o
TIMx Timers synchronization or chaining Y|Y|Y|Y - -
ADCA1 Conversion triggers Y| Y|Y]|Y - -
TIMx
DMA Memory to memory transfer trigger Y| Y|Y]|Y - -
COMPx Comparator output blanking Y| Y|Y]|Y - -
TIM1 Timer input channel, trigger, break
. ’ Y| Y|Y]|Y - -
TIM2 from analog signals comparison
COMPx : :
LPTIMERxX pr-power tlmgr triggered by analog vylylvyly!ly![ym
signals comparison
ADCA1 TIM1 Timer triggered by analog watchdog Y| Y|Y]|Y - -

3

DS11929 Rev 11 39/193

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Functional overview STM32WB55xx STM32WB35xx

Table 9. STM32WB55xx and STM32WB35xx CPU1 peripherals interconnect matrix (continued)

f= -
clE|s
cle|le|3 & |
Source Destination Action 5|82 |2|= 2
15§
o |- | =
- 7]
TIM16 Timer input channel from RTCevents | Y | Y | Y | Y - -
RTC ) . -
LPTIMERxX Low-power timer triggered by RTC vylylyly!ly![ym
alarms or tampers
All clock sources TIM2 Clock source used as input channel vyilylyly ) )
(internal and external) TIM16, 17 | for RC measurement and trimming
USB TIM2 Timer triggered by USB SOF YI|Y - - - -
CSS
CPU (hard fault)
SRAM (parity error) TIM1 )
T break Y| Y| Y]|Y ]| - -
Flash memory (ECC error)| TIM16,17 imer brea
COMPx
PVD
TIMx External trigger Y|Y|Y|Y - -
GPIO LPTIMERx | External trigger Y| Y |Y|Y]|Y|YD
ADC1 Conversion external trigger Y|Y|Y|Y| - -
1. LPTIM1 only.
40/193 DS11929 Rev 11 1S7]
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3.10 Clocks and startup
The STM32WB55xx and STM32WB35xx devices integrate several clock sources:

LSE: 32.768 kHz external oscillator, for accurate RTC and calibration with other
embedded RC oscillators

LSI1: 32 kHz on-chip low-consumption RC oscillator
LSI2: almost 32 kHz, on-chip high-stability RC oscillator, used by the RF subsystem

HSE: high quality 32 MHz external oscillator with trimming, needed by the RF
subsystem

HSI16: 16 MHz high accuracy on-chip RC oscillator

MSI: 100 kHz to 48 MHz multiple speed on-chip low power oscillator, can be trimmed
using the LSE signal

HSI48: 48 MHz on-chip RC oscillator, for USB crystal-less purpose

The clock controller (see Figure 9) distributes the clocks coming from the different
oscillators to the core and the peripherals including the RF subsystem. It also manages
clock gating for low power modes and ensures clock robustness. It features:

3

Clock prescaler: to get the best trade-off between speed and current consumption,

the clock frequency to the CPU and peripherals can be adjusted by a programmable

prescaler

Safe clock switching: clock sources can be changed safely on the fly in run mode

through a configuration register.

Clock management: to reduce power consumption, the clock controller can stop the

clock to the core, individual peripherals or memory.

System clock source: four different clock sources can be used to drive the master

clock SYSCLK:

— 16 MHz high-speed internal RC oscillator (HSI16), trimmable by software, that can
supply a PLL

— Multispeed internal RC oscillator (MSI), trimmable by software, able to generate
12 frequencies from 100 kHz to 48 MHz. When a 32.768 kHz clock source is
available in the system (LSE), the MSI frequency can be automatically trimmed by
hardware to reach better than +0.25% accuracy. The MSI can supply a PLL.

—  System PLL that can be fed by HSE, HSI16 or MSI, with a maximum frequency of
64 MHz.

Auxiliary clock source: two ultralow-power clock sources that can be used to drive

the LCD controller and the real-time clock:

—  32.768 kHz low-speed external crystal (LSE), supporting four drive capability
modes. The LSE can also be configured in bypass mode for an external clock.

— 32 kHz low-speed internal RC (LSI), also used to drive the independent watchdog.
The LSI clock accuracy is £5%. The LSI source can be either the LSI1 or the LSI2
on-chip oscillator.

Peripheral clock sources: Several peripherals (RNG, SAl, USARTs, 12Cs, LPTimers,

ADC) have their own independent clock whatever the system clock. Two PLLs, each
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having three independent outputs for the highest flexibility, can generate independent

clocks for the ADC, the RNG and the SAI.

e  Startup clock: after reset, the microcontroller restarts by default with an internal 4 MHz
clock (MSI). The prescaler ratio and clock source can be changed by the application
program as soon as the code execution starts.

e Clock security system (CSS): this feature can be enabled by software. If an HSE
clock failure occurs, the master clock is automatically switched to HS116 and a software
interrupt is generated if enabled. LSE failure can also be detected and an interrupt
generated.

e  Clock-out capability:

— MCO: microcontroller clock output: it outputs one of the internal clocks for
external use by the application. Low frequency clocks (LSIx, LSE) are available
down to Stop 1 low power state.

— LSCO: low speed clock output: it outputs LSI or LSE in all low-power modes
down to Standby.

Several prescalers allow the user to configure the AHB frequencies, the high speed APB
(APB2) and the low speed APB (APB1) domains. The maximum frequency of the AHB and
the APB domains is 64 MHz.

3
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Figure 9. Clock tree
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1. The LCD is not available on STM32WB35xx devices.

3.11 General-purpose inputs/outputs (GPIOs)

Each of the GPIO pins can be configured by software as output (push-pull or open-drain), as
input (with or without pull-up or pull-down) or as peripheral alternate function. Most of the
GPIO pins are shared with digital or analog alternate functions. Fast I/O toggling can be
achieved thanks to their mapping on the AHB2 bus.
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3.12

3.13

3.13.1
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The 1/Os alternate function configuration can be locked, if needed, following a specific
sequence in order to avoid spurious writing to the 1/Os registers.

Direct memory access controller (DMA)

The device embeds two DMAs. Refer to Table 10 for the features implementation.

Direct memory access (DMA) is used to provide high-speed data transfer between
peripherals and memory as well as between memories. Data can be quickly moved by DMA
without any CPU action. This keeps CPU resources free for other operations.

The two DMA controllers have fourteen channels in total, a full cross matrix allows any
peripheral to be mapped on any of the available DMA channels. Each DMA has an arbiter
for handling the priority between DMA requests.

The DMA supports:

e fourteen independently configurable channels (requests)

e  Afull cross matrix between peripherals and all the DMA channels exist. There is also a
HW trigger possibility through the DMAMUX.

e  Priorities between requests from DMA channels are software programmable (four
levels consisting in very high, high, medium and low) or hardware in case of equality
(request 1 has priority over request 2, etc.).

¢ Independent source and destination transfer size (byte, half word, word), emulating
packing and unpacking. Source/destination addresses must be aligned on the data
size.

e  Support for circular buffer management.

e  Three event flags (DMA half transfer, DMA transfer complete and DMA transfer error)
logically OR-ed together in a single interrupt request for each channel.

e  Memory-to-memory transfer.

e  Peripheral-to-memory and memory-to-peripheral, and peripheral-to-peripheral
transfers.

e Access to Flash memory, SRAM, APB and AHB peripherals as source and destination.
e  Programmable number of data to be transferred: up to 65536.

Table 10. DMA implementation

DMA features DMA1 DMA2

Number of regular channels 7 7

A DMAMUX block makes it possible to route any peripheral source to any DMA channel.

Interrupts and events

Nested vectored interrupt controller (NVIC)

The devices embed a nested vectored interrupt controller able to manage 16 priority levels,
and handle up to 63 maskable interrupt channels plus the 16 interrupt lines of the
Cortex®-M4 with FPU.
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The NVIC benefits are the following:

e Closely coupled NVIC gives low latency interrupt processing

e Interrupt entry vector table address passed directly to the core

e Allows early processing of interrupts

e  Processing of late arriving higher priority interrupts

e  Support for tail chaining

e  Processor state automatically saved

e Interrupt entry restored on interrupt exit with no instruction overhead

The NVIC hardware block provides flexible interrupt management features with minimal
interrupt latency.

3.13.2 Extended interrupts and events controller (EXTI)

The EXTI manages wakeup through configurable and direct event inputs. It provides
wake-up requests to the Power control, and generates interrupt requests to the CPUx NVIC
and events to the CPUx event input.

Configurable events/interrupts come from peripherals able to generate a pulse, and make it
possible to select the Event/Interrupt trigger edge and/or a SW trigger.

Direct events/interrupts are coming from peripherals having their own clearing mechanism.

3.14 Analog to digital converter (ADC)

The device embeds a successive approximation analog-to-digital converter with the
following features:

o 12-bit native resolution, with built-in calibration

e Up to 16-bit resolution with 256 oversampling ratio

e  4.26 Msps maximum conversion rate with full resolution
—  Down to 39 ns sampling time

— Increased conversion rate for lower resolution (up to 7.11 Msps for 6-bit
resolution)

e Up to sixteen external channels and three internal channels: internal reference
voltages, temperature sensor

¢ Single-ended and differential mode inputs
e  Low-power design

—  Capable of low-current operation at low conversion rate (consumption decreases
linearly with speed)

—  Dual clock domain architecture: ADC speed independent from CPU frequency
e Highly versatile digital interface

—  Single-shot or continuous/discontinuous sequencer-based scan mode: two groups
of analog signals conversions can be programmed to differentiate background and
high-priority real-time conversions

—  The ADC supports multiple trigger inputs for synchronization with on-chip timers
and external signals

— Results stored into three data register or in SRAM with DMA controller support

3
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3.14.1

3.14.2
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—  Data pre-processing: left/right alignment and per channel offset compensation
—  Built-in oversampling unit for enhanced SNR
—  Channel-wise programmable sampling time

—  Three analog watchdog for automatic voltage monitoring, generating interrupts
and trigger for selected timers

— Hardware assistant to prepare the context of the injected channels to allow fast
context switching

Temperature sensor

The temperature sensor (TS) generates a voltage Vg that varies linearly with temperature.

The temperature sensor is internally connected to the ADC1_IN17 input channel, which is
used to convert the sensor output voltage into a digital value.

To improve the accuracy of the temperature sensor measurement, each device is
individually factory-calibrated by ST. The temperature sensor factory calibration data are
stored in the system memory area, accessible in read-only mode.

Table 11. Temperature sensor calibration values

Calibration value name Description Memory address

TS ADC raw data acquired at a
TS_CAL1 temperature of 30 °C (= 5 °C), 0x1FFF 75A8 - Ox1FFF 75A9
VDDA = VREF+ =3.0V (i 10 mV)

TS ADC raw data acquired at a
TS_CAL2 temperature of 130 °C (+ 5 °C), | Ox1FFF 75CA - Ox1FFF 75CB
Vppa = VRer+ = 3.0V (£ 10 mV)

Internal voltage reference (VRernT)

The internal voltage reference (VREFINT) provides a stable (bandgap) voltage output for
the ADC and the comparators. VREFINT is internally connected to the ADC1_INO input
channel. The precise voltage of VREFINT is individually measured for each part by ST
during production test and stored in the system memory area. It is accessible in read-only
mode.

Table 12. Internal voltage reference calibration values

Calibration value name Description Memory address

Raw data acquired at a
VREFINT temperature of 30 °C (£ 5 °C), Ox1FFF 75AA - Ox1FFF 75AB
VDDA = VREF+ =36V (i 10 mV)
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3.15 Voltage reference buffer (VREFBUF)

The STM32WB55xx devices embed a voltage reference buffer that can be used as voltage
reference for the ADC and also as voltage reference for external components through the
VREF+ pin. The internal voltage reference buffer supports two voltages:

e 2048V

e 25V

An external voltage reference can be provided through the VREF+ pin when the internal
voltage reference buffer is off. The VREF+ pin is double-bonded with VDDA on UFQFPN48
package, hence the internal voltage reference buffer is not available on a dedicated pin, but
user can still use the Vppp value.

3.16 Comparators (COMP)

The STM32WB55xx and STM32WB35xx devices embed two rail-to-rail comparators with
programmable reference voltage (internal or external), hysteresis and speed (low speed for
low-power) and with selectable output polarity.

The reference voltage can be one of the following:
e  External I/O
¢ Internal reference voltage or submultiple (1/4, 1/2, 3/4).

All comparators can wake up from Stop mode, generate interrupts and breaks for the timers
and can be also combined into a window comparator.

3.17 Touch sensing controller (TSC)

The touch sensing controller provides a simple solution for adding capacitive sensing
functionality to any application. Capacitive sensing technology is able to detect finger
presence near an electrode which is protected from direct touch by a dielectric such as
glass or plastic. The capacitive variation introduced by the finger (or any conductive object)
is measured using a proven implementation based on a surface charge transfer acquisition
principle.

The touch sensing controller is fully supported by the STMTouch touch sensing firmware
library (free to use) and enables reliable touch sensing functionality in the end application.

3
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Note:

48/193

The main features of the touch sensing controller are the following:

Proven and robust surface charge transfer acquisition principle
Supports up to 18 capacitive sensing channels

Up to six capacitive sensing channels can be acquired in parallel offering a very good
response time

Spread spectrum feature to improve system robustness in noisy environments
Full hardware management of the charge transfer acquisition sequence
Programmable charge transfer frequency

Programmable sampling capacitor 1/O pin

Programmable channel I/O pin

Programmable max count value to avoid long acquisition when a channel is faulty
Dedicated end of acquisition and max count error flags with interrupt capability

One sampling capacitor for up to three capacitive sensing channels to reduce the
system components

Compatible with proximity, touchkey, linear and rotary touch sensor implementation
Designed to operate with STMTouch touch sensing firmware library

The number of capacitive sensing channels is dependent upon the package (not available
on QFPN48) and subject to I/O availability.
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3.18

Note:

3.19

3

Liquid crystal display controller (LCD)

The STM32WB55xx devices embed an LCD controller with the following characteristics:
e  Highly flexible frame rate control.

e  Supports Static, 1/2, 1/3, 1/4 and 1/8 duty.

e  Supports Static, 1/2, 1/3 and 1/4 bias.

e  Double buffered memory allows data in LCD_RAM registers to be updated at any time
by the application firmware without affecting the integrity of the data displayed.

— LCD data RAM of up to 16 x 32-bit registers which contain pixel information
(activel/inactive)

e Software selectable LCD output voltage (contrast) from VLCDyj, to VLCD 5y
e No need for external analog components:

—  Astep-up converter is embedded to generate an internal VLCD voltage higher
than Vpp (up to 3.6 V if Vpp > 2.0 V)

Software selection between external and internal VLCD voltage source. In case of
an external source, the internal boost circuit is disabled to reduce power
consumption

A resistive network is embedded to generate intermediate VLCD voltages

The structure of the resistive network is configurable by software to adapt the
power consumption to match the capacitive charge required by the LCD panel

Integrated voltage output buffers for higher LCD driving capability.
e The contrast can be adjusted using two different methods:

—  When using the internal step-up converter, the software can adjust VLCD between
VLCDpin @and VLCD 54

—  Programmable dead time (up to eight phase periods) between frames.

e  Full support of low-power modes: the LCD controller can be displayed in Sleep,
Low-power run, Low-power sleep and Stop modes, or can be fully disabled to reduce
power consumption.

e  Built in phase inversion for reduced power consumption and EMI (electromagnetic
interference).

e  Start of frame interrupt to synchronize the software when updating the LCD data RAM.
e  Blink capability:
- 1,2, 3,4, 8 orall pixels can be programmed to blink at a configurable frequency
—  Software adjustable blink frequency to achieve around 0.5 Hz, 1 Hz, 2 Hz or 4 Hz.

Used LCD segment and common pins should be configured as GPIO alternate functions
and unused segment and common pins can be used for general purpose I/O or for another
peripheral alternate function.

When the LCD relies on the internal step-up converter, the VLCD pin should be connected
to Vgg with a capacitor. Its typical value is 1 uF.

True random number generator (RNG)

The devices embed a true RNG that delivers 32-bit random numbers generated by an
integrated analog circuit.
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3.20 Timers and watchdogs
The STM32WB55xx and STM32WB35xx include one advanced 16-bit timer, one general-
purpose 32-bit timer, two 16-bit basic timers, two low-power timers, two watchdog timers
and a SysTick timer. Table 13 compares the features of the advanced control, general
purpose and basic timers.
Table 13. Timer features
Timer - Counter Counter | Prescaler DMA Capture/ Complementary
Timer . request compare
type resolution type factor - outputs
generation channels
Advanced TIM1 16-bits Up, down, 4 3
control Up/down
General TIM2 32-bits | P> down, 4 No
purpose Up/down
General Anyinteger
UrboSe TIM16 16-bits Up between 1 Yes 2 1
purp and 65536
General | rivq7 | 16-bits Up 2 1
purpose
LPTIM1 .
Low power LPTIM2 16-bits Up 1 1
3.20.1 Advanced-control timer (TIM1)
The advanced-control timer can be seen as a three-phase PWM multiplexed on six
channels. They have complementary PWM outputs with programmable inserted
dead-times. They can also be seen as complete general-purpose timers. The four
independent channels can be used for:
e Input capture
e  Output compare
e PWM generation (edge or center-aligned modes) with full modulation capability (O to
100%)
e  One-pulse mode output
In debug mode, the advanced-control timer counter can be frozen and the PWM outputs
disabled to turn off any power switches driven by these outputs.
Many features are shared with those of the general-purpose TIMx timers (described in
Section 3.20.2) using the same architecture, so the advanced-control timers can work
together with the TIMx timers via the Timer Link feature for synchronization or event
chaining.
3.20.2 General-purpose timers (TIM2, TIM16, TIM17)
There are up to three synchronizable general-purpose timers embedded in the
STM32WB55xx and STM32WB35xx (see Table 13 for differences). Each general-purpose
timer can be used to generate PWM outputs, or act as a simple time base.
o TIM2
—  Full-featured general-purpose timer
50/193 DS11929 Rev 11 1S7]
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—  Features four independent channels for input capture/output compare, PWM or
one-pulse mode output. Can work together, or with the other general-purpose
timers via the Timer Link feature for synchronization or event chaining.

—  The counter can be frozen in debug mode.

— Independent DMA request generation, support of quadrature encoders.
e TIM16 and TIM17

—  General-purpose timers with mid-range features:

— 16-bit auto-reload upcounters and 16-bit prescalers.

— 1 channel and 1 complementary channel.

—  All channels can be used for input capture/output compare, PWM or one-pulse
mode output.

—  The timers can work together via the Timer Link feature for synchronization or
event chaining. The timers have independent DMA request generation.

—  The counters can be frozen in debug mode.

3.20.3 Low-power timer (LPTIM1 and LPTIM2)

The devices embed two low-power timers, having an independent clock running in Stop
mode if they are clocked by LSE, LSIx or by an external clock. They are able to wakeup the
system from Stop mode.

LPTIM1 is active in Stop 0, Stop 1 and Stop 2 modes.
LPTIM2 is active in Stop 0 and Stop 1 modes.

The low-power timers support the following features:
e  16-bit up counter with 16-bit autoreload register
e 16-bit compare register
e  Configurable output: pulse, PWM
e  Continuous/ one shot mode
e  Selectable software/hardware input trigger
e  Selectable clock source
— Internal clock sources: LSE, either LSI1 or LSI2, HSI16 or APB clock

—  External clock source over LPTIM input (working even with no internal clock
source running, used by pulse counter application)

e  Programmable digital glitch filter
e  Encoder mode (LPTIM1 only)

3.204 Independent watchdog (IWDG)

The independent watchdog is based on a 12-bit downcounter and an 8-bit prescaler. It is
clocked from an independent 32 kHz internal RC (LSI) and as it operates independently
from the main clock, it can operate in Stop and Standby modes. It can be used either as a
watchdog to reset the device when a problem occurs, or as a free running timer for
application timeout management. It is hardware or software configurable through the option
bytes. The counter can be frozen in debug mode.

3
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Functional overview STM32WB55xx STM32WB35xx

3.20.5 System window watchdog (WWDG)

The window watchdog is based on a 7-bit downcounter that can be set as free running. It
can be used as a watchdog to reset the device when a problem occurs. It is clocked from
the main clock. It has an early warning interrupt capability and the counter can be frozen in
debug mode.

3.20.6 SysTick timer

This timer is dedicated to real-time operating systems, but could also be used as a standard
down counter. It features:

e  a 24-bit down counter

e autoreload capability

e amaskable system interrupt generation when the counter reaches 0
e aprogrammable clock source.

3.21 Real-time clock (RTC) and backup registers

The RTC is an independent BCD timer/counter, supporting the following features:

e Calendar with subsecond, seconds, minutes, hours (12 or 24 format), week day, date,
month, year, in BCD (binary-coded decimal) format.

e Automatic correction for 28, 29 (leap year), 30, and 31 days of the month.
e  Two programmable alarms.

e  On-the-fly correction from 1 to 32767 RTC clock pulses. This can be used to
synchronize it with a master clock.

e Reference clock detection: a more precise second source clock (50 or 60 Hz) can be
used to enhance the calendar precision.

e Digital calibration circuit with 0.95 ppm resolution, to compensate for quartz crystal
inaccuracy.

e  Three anti-tamper detection pins with programmable filter.

o Timestamp feature, which can be used to save the calendar content. This function can
be triggered by an event on the timestamp pin, or by a tamper event, or by a switch to
VBAT mode.

e  17-bit auto-reload wakeup timer (WUT) for periodic events with programmable
resolution and period.

The RTC and the 20 backup registers are supplied through a switch that takes power either
from the Vpp supply (when present) or from the VBAT pin.

The backup registers are 32-bit registers used to store 80 bytes of user application data
when Vpp power is not present. They are not reset by a system or power reset, or when the
device wakes up from Standby or Shutdown mode.

The RTC clock sources can be:

e a32.768 kHz external crystal (LSE)

e an external resonator or oscillator (LSE)

e one of the internal low power RC oscillators (LSI1 or LSI2, with typical frequency of
32 kHz)

e the high-speed external clock (HSE) divided by 32.
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The RTC is functional in VBAT mode and in all low-power modes when it is clocked by the
LSE. When clocked by one of the LSIs, the RTC is not functional in VBAT mode, but is
functional in all low-power modes except Shutdown mode.

All RTC events (alarm, wakeup timer, timestamp or tamper) can generate an interrupt and
wakeup the device from the low-power modes.

3.22 Inter-integrated circuit interface (12C)

The devices embed two 12Cs. Refer to Table 14 for the features implementation.

The 12C bus interface handles communications between the microcontroller and the serial
I2C bus. It controls all 12C bus-specific sequencing, protocol, arbitration and timing.
The 12C peripheral supports:
e  [2C-bus specification and user manual rev. 5 compatibility:
—  Slave and master modes, multimaster capability
—  Standard-mode (Sm), with a bitrate up to 100 kbit/s
—  Fast-mode (Fm), with a bitrate up to 400 kbit/s
—  Fast-mode Plus (Fm+), with a bitrate up to 1 Mbit/s and 20 mA output drive I/Os
—  7-bit and 10-bit addressing mode, multiple 7-bit slave addresses
—  Programmable setup and hold times
—  Optional clock stretching
e System Management Bus (SMBus) specification rev 2.0 compatibility:

— Hardware PEC (packet error checking) generation and verification with ACK
control

— Address resolution protocol (ARP) support
— SMBus alert
e Power System Management Protocol (PMBus ™) specification rev 1.1 compatibility

¢ Independent clock: a choice of independent clock sources allowing the 12C
communication speed to be independent from the PCLK reprogramming. Refer to
Figure 9: Clock tree.

e  Wakeup from Stop mode on address match
e  Programmable analog and digital noise filters
e 1-byte buffer with DMA capability

Table 14. 12C implementation

12C features(! 12C1 12C3
Standard-mode (up to 100 kbit/s) X X
Fast-mode (up to 400 kbit/s) X X
Fast-mode Plus with 20 mA output drive I/Os (up to 1 Mbit/s) X X
Programmable analog and digital noise filters X X
SMBus/PMBus hardware support X X
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3.23

3.24

54/193

Table 14. 12C implementation (continued)

12C features(" 12C1 12C3
Independent clock X X
Wakeup from Stop 0 / Stop 1 mode on address match X X
Wakeup from Stop 2 mode on address match - X

1. X: supported

Universal synchronous/asynchronous receiver transmitter
(USART)

The devices embed one universal synchronous receiver transmitter.

This interface provides asynchronous communication, IrDA SIR ENDEC support,
multiprocessor communication mode, single-wire half-duplex communication mode and has
LIN Master/Slave capability. It provides hardware management of the CTS and RTS signals,
and RS485 driver enable.

The USART is able to communicate at speeds of up to 4 Mbit/s, and also provides Smart
Card mode (ISO 7816 compliant) and SPI-like communication capability.

The USART supports synchronous operation (SPI mode), and can be used as an SPI
master.

The USART has a clock domain independent from the CPU clock, allowing it to wake up the
MCU from Stop mode using baudrates up to 200 kbaud. The wake up events from Stop
mode are programmable and can be:

e the start bit detection
e any received data frame
e a specific programmed data frame.

The USART interface can be served by the DMA controller.

Low-power universal asynchronous receiver transmitter
(LPUART)

The device embeds one Low-Power UART, enabling asynchronous serial communication
with minimum power consumption. The LPUART supports half duplex single wire
communication and modem operations (CTS/RTS), allowing multiprocessor
communication.

The LPUART has a clock domain independent from the CPU clock, and can wakeup the
system from Stop mode using baudrates up to 220 kbaud. The wake up events from Stop
mode are programmable and can be:

e the start bit detection
e any received data frame
e a specific programmed data frame.

Only a 32.768 kHz clock (LSE) is needed for LPUART communication up to 9600 baud.
Therefore, even in Stop mode, the LPUART can wait for an incoming frame while having an
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3.25

3.26

3

extremely low energy consumption. Higher speed clock can be used to reach higher
baudrates.

The LPUART interfaces can be served by the DMA controller.

Serial peripheral interface (SPI1, SPI2)

Two SPI interfaces enable communication up to 32 Mbit/s in master and up to 24 Mbit/s in
slave modes, in half-duplex, full-duplex and simplex modes. The 3-bit prescaler gives 8
master mode frequencies and the frame size is configurable from 4 bits to 16 bits. The SPI
interfaces support NSS pulse mode, Tl mode and Hardware CRC calculation.

The SPI interfaces can be served by the DMA controller.

Serial audio interfaces (SAI1)

The device embeds a dual channel SAI peripheral that supports full duplex audio operation.
The SAl bus interface handles communications between the microcontroller and the serial
audio protocol.

The SAIl peripheral supports:

e One independent audio sub-block that can be a transmitter or a receiver, with the
respective FIFO

e  8-word integrated FIFOs
e  Synchronous or asynchronous mode
e Master or slave configuration

e Clock generator to target independent audio frequency sampling when audio sub-block
is configured in master mode

e Data size configurable: 8-, 10-, 16-, 20-, 24-, 32-bit

e  Peripheral with large configurability and flexibility allowing to target as example the
following audio protocol: I12S, LSB or MSB-justified, PCM/DSP, TDM, AC’97 and SPDIF
out

e Up to 16 slots available with configurable size and with the possibility to select which
ones are active in the audio frame

e Number of bits by frame may be configurable
¢ Frame synchronization active level configurable (offset, bit length, level)
e  First active bit position in the slot is configurable
e LSB first or MSB first for data transfer
e  Mute mode
e  Stereo/Mono audio frame capability
e  Communication clock strobing edge configurable (SCK)
e  Error flags with associated interrupts if enabled respectively
—  Overrun and underrun detection
— Anticipated frame synchronization signal detection in slave mode
— Late frame synchronization signal detection in slave mode
—  Codec not ready for the AC’97 mode in reception
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Interruption sources when enabled:
—  Errors
—  FIFO requests

DMA interface with two dedicated channels to handle access to the dedicated
integrated FIFO of the SAl audio sub-block.

The PDM (Pulse Density Modulation) block allows the user to manage up to three digital
microphone pairs (with two different clocks). This block performs Right and Left microphone
de-interleaving and time alignment through programmable delay lines in order to properly
feed the SAl.

3.27 Quad-SPI memory interface (QUADSPI)

The Quad-SPI is a specialized communication interface targeting single, dual or quad SPI
Flash memories. It can operate in any of the three following modes:

Indirect mode: all the operations are performed using the QUADSPI registers
Status polling mode: the external memory status register is periodically read and an
interrupt can be generated in case of flag setting

Memory-mapped mode: the external Flash memory is mapped and is seen by the
system as if it were an internal memory. This mode can be used for the Execute In
Place (XIP)

The Quad-SPI interface supports:

56/193

Three functional modes: indirect, status-polling, and memory-mapped

SDR and DDR support

Fully programmable opcode for both indirect and memory mapped mode

Fully programmable frame format for both indirect and memory mapped mode

Each of the five following phases can be configured independently (enable, length,
single/dual/quad communication)

— Instruction phase

— Address phase

— Alternate bytes phase

—  Dummy cycles phase

— Data phase

Integrated FIFO for reception and transmission

8, 16, and 32-bit data accesses are allowed

DMA channel for indirect mode operations

Programmable masking for external Flash memory flag management
Timeout management

Interrupt generation on FIFO threshold, timeout, status match, operation complete, and
access error

3
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3.28

3.28.1

3.28.2

3

Development support

Serial wire JTAG debug port (SWJ-DP)

The Arm® SWJ-DP interface is embedded, and is a combined JTAG and serial wire debug
port that enables either a serial wire debug or a JTAG probe to be connected to the target.

Debug is performed using only two pins instead of the five required by the JTAG (JTAG pins
can then be reused as GPIOs with alternate function): the JTAG TMS and TCK pins are
shared with SWDIO and SWCLK, respectively, and a specific sequence on the TMS pin is
used to switch between JTAG-DP and SW-DP.

Embedded Trace Macrocell™

The Arm® Embedded Trace Macrocell provides a greater visibility of the instruction and data
flow inside the CPU core by streaming compressed data at a very high rate from the
STM32WB55xx through a small number of ETM pins to an external hardware trace port
analyzer (TPA) device. Real-time instruction and data flow activity be recorded and then
formatted for display on the host computer that runs the debugger software. TPA hardware
is commercially available from common development tool vendors.

The Embedded Trace Macrocell operates with third party debugger software tools.
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Figure 10. STM32WB55Cx and STM32WB35Cx UFQFPN48 pinout(1)(2)
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The above figure shows the package top view.

The exposed pad must be connected to ground plane.

Figure 11. STM32WB55Rx VFQFPN68 pinout(!(2)
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The above figure shows the package top view.

The exposed pad must be connected to ground plane.
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Figure 12. STM32WB55Vx WLCSP100 ballout(!)
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1. The above figure shows the package top view.

Figure 13. STM32WB55Vx UFBGA129 ballout(!)
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C PD13 PD15 PB7 PB3 PD7 PD4 PD1 PC11 PA15 PA14 VSsS PA10 PC9
D VBAT PD14 PD9 PD6 PD3 PC6 PC8 PC7

E osoe j;)UT ospé:;;:w vss vss vss PB14 PB13

F PHO 73’3& . Jgfp ’ PC13 VDD VDD PB15 VLXSMPS VDDSMPS VDDSMPS
G | pHa-sooTO PH1 PB8 vss VoD vss vixsMps | vssswes | vssswps
H pCt NRST PCO PBY VoD VoD PB12 VFBSMPS PE3 PE4

J pc2 PC3 vss vss vss VSS_DCAP3 | VDD_DCAP3

K VSSA VDDA vss vss VSSRF VSSRF ATO AT1

L VREF+ PA1 PA4 PA9 PCS PB10 VSSRF VSSRF VSSRF VSSRF VSSRF PB1 PBO
M PAO PA3 PAG PAB PC4 PB11 ooap2 VSSRF RF1 VSSRF VSSRF VSSRF 0SC_IN
N PA2 PAS PAT PB2 _3/83:2 VSSRF VSSRF VDDRF 0SC_ouT

> . 117 °CJ £ [

No pin Power supply SMPS USB Radio

1. The above figure shows the package top view.
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Pinouts and pin description STM32WB55xx STM32WB35xx

Table 15. Legend/abbreviations used in the pinout table

Name Abbreviation Definition
. Unless otherwise specified in brackets below the pin name, the pin function during and after
Pin name ) .
reset is the same as the actual pin name
S Supply pin
Pin type | Input only pin
1/0 Input / output pin
FT 5V tolerant I/O
TT 3.6 V tolerant I/0O
RF RF 1/0
RST Bidirectional reset pin with weak pull-up resistor
1/0O structure Option for TT or FT I/Os
£ /0, Fm+ capable
_| @ I/0, with LCD function supplied by V| cp
_u® 1/0, with USB function supplied by Vppuss
_a(4) () I/O, with Analog switch function supplied by Vppa
Notes Unless otherwise specified by a note, all I/Os are set as analog inputs during and after reset.
Alternate . .
. Functions selected through GPIOx_AFR registers
Pin functions
functions it
Add|t|.ona| Functions directly selected/enabled through peripheral registers
functions
1. The related I/O structures in Table 16 are: FT_f, FT_fa, FT_fl, FT_fla.
2. The related I/O structures in Table 16 are: FT_I, FT_fl, FT_lu.
3. The related I/O structures in Table 16 are: FT_u, FT_lu.
4. The related I/O structures in Table 16 are: FT_a, FT_la, FT_fa, FT_fla, TT_a, TT_la.
5. Analog switch for the TSC function is supplied by Vpp.
60/193 DS11929 Rev 11 1S7]
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STM32WB55xx

STM32WB35xx

Pinouts and pin description

Table 16. STM32WB55xx pin and ball definitions

Pin number ®
g
A [}]
o] [} (=] ;] Pln_name % 'g 3 . agn .
3£ 2 | & | (function after | = 3 5 Alternate functions Additional functions
ol s | g reset) £ ] z
T T (0) o
gl 9 | o o
| W L -
5|>| 2|5
TIM1_ETR, TSC_G7_103,
-|-|c8|B2 PEO I/O| FT_I | - |LCD_SEG36, TIM16_CH1, -
CM4_EVENTOUT
TSC_G7_102, LCD_SEG37,
- | - |B10| A1 PE1 I/O| FT_I | - |TIM17_CH1, -
CM4_EVENTOUT
TRACECK, SAI1_PDM_CK1,
TSC_G7_l01, LCD_SEG38,
- |- | E6| B1 PE2 /o | FTI | - SAI_MCLK_A. -
CM4_EVENTOUT
TSC_G6_104, LCD_SEG33,
-] -|c9|c1 PD13 I/O| FT_I | - |LPTIM2_OUT, -
CM4_EVENTOUT
TIM1_CH1, LCD_SEG34,
-|-|D8| D3 PD14 /o | FTI | - CM4 EVENTOUT -
TIM1_CH2, LCD_SEG35,
-|-|E7T|C2 PD15 /o | FTI | - CM4_EVENTOUT -
1|1 |c10| D2 VBAT S - - - -
M RTC_TAMP1/RTC_TS/
- 12| G5| F4 PC13 /0| FT |2 |CM4_EVENTOUT RTC_OUT/WKUP?
2|3 |D10| E3 PC14- /o | FT o CM4_EVENTOUT OSC32_IN
0SC32_IN @ - -
34| D9|E2 PC15- /0| FT o CM4_EVENTOUT 0SC32_0uT
0SC32_0uUT @ - -
-|-1] - |E5 VSS S - - - -
-|-1] - | Fe VDD S - - - -
- | - |E10]| F1 PHO I/O| FT | - |CM4_EVENTOUT -
- -|E9| G2 PH1 I/O| FT | - |CM4_EVENTOUT -
45| E8|G1| PH3-BOOTO |I/O| FT | - |CM4 EVENTOUT, LSCO® -
TIM1_CH2N,
SAI1_PDM_CK1, 12C1_SCL,
QUADSPI_BK1_lO1,
5|6 F7|G3 PB8 Vo | FT_A | - LCD_SEG16, SAI1_MCLK_A, )
TIM16_CH1,
CM4_EVENTOUT
‘Yl DS11929 Rev 11 61/193
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Pinouts and pin description

STM32WB55xx STM32WB35xx

Table 16. STM32WB55xx pin and ball definitions (continued)

Pin number ®
o
ol ol o | o Pin name § % @ ) N ]
31 €|l 2 | & | (function after 1= 3 5 Alternate functions Additional functions
ala)l &S reset) g ®» | #
glol 9 | m o
| W L -
5> 3 |5
TIM1_CH3N, SAlI1_PDM_DI2,
I12C1_SDA, SPI2_NSS,
IR_OUT, TSC_G7_l04,
F10 | H4 PB9 I/0 | FT_fla| - | QUADSPI_BK1_lOO0, -
LCD_COM3, SAI1_FS_A,
TIM17_CHA1,
CM4_EVENTOUT
718 F9 | H2 NRST /0| RST | - - -
LPTIM1_IN1, 12C3_SCL,
LPUART1_RX, LCD_SEG18,
-| 9| F8|H3 PCO I/O |FT_ fla| - LPTIM2_INA, ADC1_IN1
CM4_EVENTOUT
LPTIM1_OUT, SPI2_MOSI,
I12C3_SDA, LPUART1_TX,
- 10| G8 | H1 PC1 I/O | FT fla| - LCD_SEG19, ADC1_IN2
CM4_EVENTOUT
LPTIM1_IN2, SPI2_MISO,
- |11 GO | J2 PC2 I/O | FT_la | - |LCD_SEG20, ADC1_IN3
CM4_EVENTOUT
-l-] - | E7 VSS - - - -
-|-1] - | H6 VDD - - - -
LPTIM1_ETR,
SAI1_PDM_DI1, SPI2_MOSI,
- |12|G10| J3 PC3 I/O| FT_a | - |LCD_VLCD, SAI1_SD_A, ADC1_IN4
LPTIM2_ETR,
CM4_EVENTOUT
- | - |H10| K2 VSSA S - - - -
- |13 | H8 | L1 VREF+ S - - - VREFBUF_OUT
8 |14 | H9 | K3 VDDA s| - |® - -
-|-1J9 | E9 VSS S - - - -
-|-|J10| F8 VDD S - - - -
TIM2_CH1, COMP1_OUT,
9 |15]| G7 | M1 PAO I/O| FT_a | - |SAIM_EXTCLK, TIM2_ETR, g'(l?c'\:/":')l'kl\l/ll\lil\élNCESIlTlNS
CM4_EVENTOUT -
TIM2_CH2, 12C1_SMBA,
10|16| G6 | L2 PA1 I/O | FT_la | - |SPI1_SCK, LCD_SEGO, COMP1_INP, ADC1_ING
CM4_EVENTOUT
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STM32WB55xx

STM32WB35xx

Pinouts and pin description

Table 16. STM32WB55xx pin and ball definitions (continued)

Pin number

UFQFPN48

VFQFPNG68

WLCSP100

UFBGA129

Pin name
(function after
reset)

Pin type

1/0 structures

Notes

Alternate functions

Additional functions

PA2

I/0

FT la

LScO®), TIM2_CH3,
LPUART1_TX,
QUADSPI_BK1_NCS,
LCD_SEG1, COMP2_OUT,
CM4_EVENTOUT

COMP2_INM, ADC1_IN7,
WKUP4

12

18

J8

M2

PA3

I/0

FT la

TIM2_CH4, SAI1_PDM_CK,
LPUART1_RX,
QUADSPI_CLK, LCD_SEG2,
SAI1_MCLK_A,
CM4_EVENTOUT

COMP2_INP, ADC1_IN8

13

19

K10

L3

PA4

I/0

FT_a

SPI1_NSS, SAI1_FS_B,
LPTIM2_OUT, LCD_SEGS,
CM4_EVENTOUT

COMP1_INM,
COMP2_INM, ADC1_IN9

14

20

K9

N2

PAS

I/0

FT_a

TIM2_CH1, TIM2_ETR,
SPI1_SCK, LPTIM2_ETR,
SAI1_SD_B,
CM4_EVENTOUT

COMP1_INM,
COMP2_INM, ADC1_IN10

15

21

H7

M3

PAG

I/0

FT la

TIM1_BKIN, SPI1_MISO,
LPUART1_CTS,
QUADSPI_BK1_103,
LCD_SEG3, TIM16_CHH1,
CM4_EVENTOUT

ADC1_IN11

16

22

H6

N3

PA7

I/0

FT fla

TIM1_CH1N, 12C3_SCL,
SPI1_MOSI,
QUADSPI_BK1_102,
LCD_SEG4, COMP2_OUT,
TIM17_CHA,
CM4_EVENTOUT

ADC1_IN12

17

23

J7

M4

PA8

I/0

FT la

MCO, TIM1_CHf,
SAI1_PDM_CK2,
USART1_CK, LCD_COMO,
SAI1_SCK_A, LPTIM2_OUT,
CM4_EVENTOUT

ADC1_IN15

18

24

K8

L4

PA9

I/0

FT fla

TIM1_CH2, SAI1_PDM_DI2,
12C1_SCL, SPI2_SCK,
USART1_TX, LCD_COMI,
SAI1_FS_A,
CM4_EVENTOUT

COMP1_INM, ADC1_IN16

25

G4

M5

PC4

110

FT la

LCD_SEG22,
CM4_EVENTOUT

COMP1_INM, ADC1_IN13

F3

VSS_DCAP1

G7

VDD

DS11929 Rev 11
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Pinouts and pin description

STM32WB55xx STM32WB35xx

Table 16. STM32WB55xx pin and ball definitions (continued)

Pin number ®
2
. [
ol ol o | o Pln_name 2 % @ ) N ]
31 €|l 2 | & | (function after 1= 3 5 Alternate functions Additional functions
AR AR reset) g ®» | #
glol 9 | m o
| W L -
S5|>| =2 | >
SAI1_PDM_DI3,
- 126 H5 | L5 PC5 I/O| FT la | - |LCD_SEG23, \(/:v(})(,\L/JE;_lNP’ ADC1_IN14,
CM4_EVENTOUT
RTC_OUT, LPTIM1_OUT,
12C3_SMBA, SPI1_NSS,
1927 | K7 | N6 PB2 /1O| FT_a | - LCD_VLCD, SAI1_EXTCLK, COMP1_INP
CM4_EVENTOUT
TIM2_CH3, 12C3_SCL,
SPI2_SCK, LPUART1_RX,
TSC_SYNC, QUADSPI_CLK,
- 128| K6 | L6 PB10 /O | FT_fl | - LCD_SEG10, COMP1_OUT, -
SAI1_SCK_A,
CM4_EVENTOUT
TIM2_CH4, 12C3_SDA,
LPUART1_TX,
- |29] J&6 | M6 PB11 I/O| FT_fl | - |QUADSPI_BK1_NCS, -
LCD_SEG11, COMP2_OUT,
CM4_EVENTOUT
-1-1 - | G5 VSS S - - - -
-1 -1 - | G9 VSS S - - - -
20|30 | K& | H8 VDD S - - - -
- | -1 - | N8 VSSRF S - - - -
-] J4 L7 VSSRF S - |- - -
- -] - | L8 VSSRF s - |- - -
- -1 - | M8 VSSRF s - |- - -
21|31| K4 | M9 RF1 /0| RF |©®) - -
22 (32| K3 |M10 VSSRF S - - - -
- - | K2 |M11 VSSRF S - - - -
-l -1 - | K8 VSSRF S - - - -
- -1 - | Lo VSSRF S - |- - -
- -1 - |L10 VSSRF S - |- - -
- -] - |INM VSSRF S - |- - -
23(33| J3 |N12 VDDRF S - - - -
- | - | KT |K10 VSSRF S - - - -
-] - M2 VSSRF s - |- - -
24(34| J2 |[N13| 0OScC ouT |O| RF |® - -
64/193 DS11929 Rev 11 1S7]
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STM32WB55xx STM32WB35xx Pinouts and pin description
Table 16. STM32WB55xx pin and ball definitions (continued)
Pin number 2
. o =
ol ol o . Pln_name 2 % @ ) N ]
31 €|l 2 | & | (function after 1= 3 5 Alternate functions Additional functions
AR AR reset) g ®» | #
glol 9 | m o
('8 L. 'S _—
5| >| 2| S
25(35| J1 |M13 OSC_IN | | RF |® - -
-l -] - L VSSRF S - - - -
26 36| H3 | K11 ATO o| RF | - -
27|37 | H4 | K12 AT1 o| RF | - -
COMP1_OUT,
28|38 | H2 | L13 PBO o| TT |® |CcM4_EVENTOUT, -
RF_TX_MOD_EXT_PA
LPUART1_RTS_DE,
29(39| H1 | L12 PB1 o | TT |®|LPTIM2_IN1, -
CM4_EVENTOUT
-l -1J5 ] - VSS S - - - -
-|-1] - | M7| VSS_DCAP2 | S - - - -
-|-]G2|H12 PE3 /0| FT | - |CM4_EVENTOUT -
30(40| G1 |H13 PE4 /0| FT | - |CM4_EVENTOUT -
31[41| F2 |H11| VFBSMPS S - - - -
-|-1] - |G13| VSSSMPS S - - - -
32|42| F1 |G12| VSSSMPS S - - - -
33|43 | E1 |F11| VLXSMPS S - - - -
-l -] - |G1M| VLXSMPS S - - - -
34|44 | D1 |F12| VDDSMPS S - - - -
-|-1] - |F13| VDDSMPS S - - - -
-l -] - | Ka VSS S - - - -
35(45| B1 | - VDD S - - - -
TIM1_BKIN, 12C3_SMBA,
SPI2_NSS, LPUART1_RTS,
- |46| G3 |H10 PB12 I/O| FT_I | - |TSC_G1_101, LCD_SEG12, -
SAI1_FS_A,
CM4_EVENTOUT
TIM1_CH1N, 12C3_SCL,
SPI2_SCK, LPUART1_CTS,
- |47] C1 |E12 PB13 I/O| FT_fl | - |TSC_G1_102, LCD_SEG13, -
SAI1_SCK_A,
CM4_EVENTOUT
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Pinouts and pin description

STM32WB55xx STM32WB35xx

Table 16. STM32WB55xx pin and ball definitions (continued)

Pin number ®
o
ol ol o | o Pin name § % @ ) N ]
31 €|l 2 | & | (function after 1= 3 5 Alternate functions Additional functions
ala)l &S reset) g ®» | #
glol 9 | m o
| W L -
5> 3 |5
TIM1_CH2N, 12C3_SDA,
SPI2_MISO, TSC_G1_l03,
- |48 | E2 |EN PB14 /O | FT_fl | - LCD_SEG14, SAIT_MCLK A, -
CM4_EVENTOUT
RTC_REFIN, TIM1_CH3N,
SPI2_MOSI, TSC_G1_l04,
- |49| F3 | F10 PB15 /o | FT_I | - LCD_SEG15, SAI1_SD_A, -
CM4_EVENTOUT
TSC_G4_101, LCD_SEG24,
- |50 | D2 | D10 PC6 /o | FT_I | - CM4_EVENTOUT -
TSC_G4_102, LCD_SEG25,
- |- | E3|D12 PC7 /o | FT_I | - CM4_EVENTOUT -
TSC_G4_l03, LCD_SEG26,
-|-| F4 |DN PC8 /o | FT_I | - CM4_EVENTOUT -
TIM1_BKIN, TSC_G4_I04,
USB_NOE, LCD_SEG27,
-|-|B4|C13 PC9 /o | FT_I | - SAIT_SCK_B, -
CM4_EVENTOUT
-1 -1 - | K6 VSS - - - -
- -1 B2 - VS8S - - - -
TIM1_CH3, SAI1_PDM_DI1,
I12C1_SDA, USART1_RX,
USB_CRS_SYNC,
36|51 B5 |C12 PA10 /O | FT_fl | - LCD_COM2, SAI1_SD_A, -
TIM17_BKIN,
CM4_EVENTOUT
TIM1_CH4, TIM1_BKIN2,
37(52| A1 |B13 PA11 I/O| FT_u | - |SPI1_MISO, USART1_CTS, -
USB_DM, CM4_EVENTOUT
TIM1_ETR, SPI1_MOSI,
LPUART1_RX,
38 (53| A2 | A13 PA12 /O | FT_u | - USART1_RTS_DE, USB_DP, -
CM4_EVENTOUT
PA13 o JTMS-SWDIO, IR_OUT,
39|54 | A5 | AT /O | FT_u | ©) |USB_NOE, SAI1_SD_B, -
(JTMS_SWDIO) CM4_EVENTOUT
40|55| B3 |A12 VDDUSB - - - -
- -1 - |CcM VSSs - - - -
66/193 DS 11929 Rev 11 Kys
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STM32WB55xx

STM32WB35xx

Pinouts and pin description

Table 16. STM32WB55xx pin and ball definitions (continued)

Pin number 2
. o =
ol ol o | o Pln_name 2 % @ ) N ]
31 €|l 2 | & | (function after 1= 3 5 Alternate functions Additional functions
ala)l &S reset) g ®» | #
glol 9 | m o
| W L -
5| > 2| >
JTCK-SWCLK, LPTIM1_OUT,
PA14 @) |12C1_SMBA, LCD_SEGS, i
41156 | A3 1C101 reok swetky| 7O | FT- SAI1_FS_B,
CM4_EVENTOUT
JTDI, TIM2_CH1, TIM2_ETR,
PA15 @) | SPIM_NSS, TSC_G3_IOf1, i
42|57 | A4 | C9 (JTDI) /0| FT_I LCD SEG17,
CM4_EVENTOUT, MCO
-|-1| - |J11]| VSS_DCAP3 | S - - - -
TRACED1, TSC_G3_l02,
LCD_COM4/LCD_SEG28/
- |58| A6 | B9 PC10 /o | FT_I | - LCD_SEG40, -
CM4_EVENTOUT
TSC_G3_I03,
LCD_COMS/LCD_SEG29/
- |59| B6 | C8 PC11 /o | FT_I | - LCD_SEG41, -
CM4_EVENTOUT
LSCO®), TRACEDS,
TSC_G3_l04,
- |60| C5 |B10 PC12 /0| FT_I | - |LCD_COM6/LCD_SEG30/ RTC_TAMP3/WKUP3
LCD_SEG42,
CM4_EVENTOUT
- |61| C4 |B11 PDO /0| FT | - |SPI2_NSS, CM4_EVENTOUT -
- |62 C3 | C7 PD1 /0| FT | - |SPI2_SCK, CM4_EVENTOUT -
TRACED2, TSC_SYNC,
- |- | A7 | B7 PD2 /0| FT_I | - |LCD_COM7/LCD_SEG31/LC -
D_SEG43, CM4_EVENTOUT
SPI2_SCK, SPI2_MISO,
-|-1|1C2|D8 PD3 I’l0| FT | - |QUADSPI_BK1_NCS, -
CM4_EVENTOUT
SPI2_MOSI, TSC_G5_101,
-|-|D3]|Cé PD4 IO FT | - |QUADSPI_BK1_lOO, -
CM4_EVENTOUT
TSC_G5_102,
QUADSPI_BK1_IO1,
-|-|B7| A6 PD5 o | FT | - SAI1_MCLK_B, -
CM4_EVENTOUT
Kys DS11929 Rev 11 67/193
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Pinouts and pin description

STM32WB55xx

STM32WB35xx

Table 16. STM32WB55xx pin and ball definitions (continued)

Pin number

UFQFPN48

VFQFPNG68

WLCSP100

UFBGA129

Pin name
(function after
reset)

Pin type

1/0 structures

Notes

Alternate functions

Additional functions

PD6

I/0

SAI1_PDM_DI1,
TSC_G5_|03,
QUADSPI_BK1_102,
SAI1_SD_A,
CM4_EVENTOUT

A8

C5

PD7

I/0

FT_I

TSC_G5_104,
QUADSPI_BK1_103,
LCD_SEG39,
CM4_EVENTOUT

B9

B12

VSS

D4

B6

PD8

I/0

FT_I

TIM1_BKIN2, LCD_SEG28,
CM4_EVENTOUT

D5

D4

PD9

I/0

FT I

TRACEDO, LCD_SEG29,
CM4_EVENTOUT

E4

A7

PD10

I/0

FT_I

TRIG_INOUT, TSC_G6_101,
LCD_SEG30,
CM4_EVENTOUT

ES

BS

PD11

I/0

FT I

TSC_G6_I02, LCD_SEG31,
LPTIM2_ETR,
CM4_EVENTOUT

B8

B4

PD12

I/0

FT_I

TSC_G6_103, LCD_SEG32,
LPTIM2_IN1,
CM4_EVENTOUT

43

63

A9

C4

PB3
(JTDO)

I/0

FT la

©

JTDO-TRACESWO,
TIM2_CH2, SPI1_SCK,
USART1_RTS_DE,
LCD_SEG7, SAI1_SCK_B,
CM4_EVENTOUT

COMP2_INM

44

64

Cc7

B3

PB4
(NJTRST)

I/0

FT fla

©

NJTRST, 12C3_SDA,
SPI1_MISO, USART1_CTS,
TSC_G2_101, LCD_SEGS,
SAI1_MCLK_B, TIM17_BKIN,
CM4_EVENTOUT

COMP2_INP

45

65

D6

A3

PB5

I/0

FT_I

LPTIM1_IN1, 12C1_SMBA,
SPI1_MOSI, USART1_CK,
LPUART1_TX, TSC_G2_102,
LCD_SEG9, COMP2_OUT,
SAI1_SD_B, TIM16_BKIN,
CM4_EVENTOUT

68/193
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STM32WB55xx STM32WB35xx Pinouts and pin description

Table 16. STM32WB55xx pin and ball definitions (continued)

Pin number ®
o
. o =
Pin name 2| 2 0
28| . > o o . i, .
31 €|l 2 | & | (function after 1= 3 5 Alternate functions Additional functions
oo o < = = 4
R o reset) T )
||l 9 | m o
L|w|l g | w =
5> 3 |5

LPTIM1_ETR, I2C1_SCL,
USART1_TX, TSC_G2_103,

46|66| F5 | A2 PB6 /O |FT fla| - |LCD_SEGS, SAI1_FS_B, COMP2_INP
TIM16_CH1N, MCO,
CM4_EVENTOUT
LPTIM1_IN2, TIM1_BKIN,
12C1_SDA, USART1_RX,
47|67| D7 | C3 PB7 IO |FT fla| - |TSC_G2_104, LCD_SEG21, |COMP2_INM, PVD_IN
TIM17_CH1N,
CM4_EVENTOUT
-] - |5 VSS s| - |- - -
N N4 VSS s| - |- - -
N ) VSS s| - |- - -
-|-| - |B8| vss.DCAP4 | S| - |- - -
48|68|A10| - VDD s| - |- - -
-|-| - |A8| VDDDCAP4 | S| - |- - -
-|-| - |F2| voDDCAP1 | S| - |- - -
-| -] - |J2| voD.DCAP3 | S| - |- - -
-|-] - |N7| voD.DCAP2 | S| - |- - -

© N Ok w

3

PC13, PC14 and PC15 are supplied through the power switch. As this switch only sinks a limited amount of current (3 mA),
the use of the PC13, PC14 and PC15 GPIOs in output mode is limited:

- the speed must not exceed 2 MHz with a maximum load of 30 pF

- these GPIOs must not be used as current sources (e.g. to drive a LED).

After a Backup domain power-up, PC13, PC14 and PC15 operate as GPIOs. Their function then depends on the content of
the RTC registers that are not reset by the system reset. For details on how to manage these GPIOs, refer to the Backup
domain and RTC register descriptions in the reference manual RM0434, available on www.st.com.

The clock on LSCO is available in Run and Stop modes, and on PA2 in Standby and Shutdown modes.
On UFQFPN48 VDDA is connected to VREF+.

RF pin, use the nominal PCB layout.

32 MHz oscillator pins, use the nominal PCB layout according to reference design (see AN5165).
Reserved, must be kept unconnected.

High frequency (above 32 kHz) may impact the RF performance. Set output speed GPIOB_OSPEEDRYy[1:0] to 00 (y =0 and
1) during RF operation.

After reset these pins are configured as JTAG/SW debug alternate functions, and the internal pull-up on PA15, PA13 and
PB4 pins and the internal pull-down on PA14 pin are activated.

DS11929 Rev 11 69/193
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Pinouts and pin description

STM32WB55xx

STM32WB35xx

Table 17. STM32WB35xx pin and ball definitions

Pin o
S| 2 |3

5 2 3 5 Alternate functions Additional functions

2| Name (function E 3 2

§ after reset) o

4 =

1 VBAT S - - -

2 | PC14-0SC32_IN [I/0| FT |(M@]|CcM4 EVENTOUT 0SC32_IN

3 | PC15-08C32_OUT |I/0| FT |(N@)|cM4_EVENTOUT 0SC32_0ouT

4 PH3-BOOTO /o| FT - |CM4_EVENTOUT, LSCc0O® -
TIM1_CH2N, SAI1_PDM_CK1,
12C1_SCL, QUADSPI_BK1_101, )

5 PB8 VO FT_f 1 - |SAI_MCLK_A, TIM16_CHT,
CM4_EVENTOUT
TIM1_CH3N, SAI1_PDM_DI2,
12C1_SDA, IR_OUT,

6 PB9 VO FTF 1 - QUADSPI_BK1_100, SAI1_FS_A, i
TIM17_CH1, CM4_EVENTOUT

7 NRST /0| RST | - - -

8 VDDA S - - - -
TIM2_CH1, COMP1_OUT,

9 PAO I/O| FT.a | - |SANM_EXTCLK, TIM2_ETR, (Fi(T)éAPTL—l\:\él\zﬂ/’vCES;TlNS'
CM4_EVENTOUT -
TIM2_CH2, 12C1_SMBA, SPI1_SCK,

10 PA1 I/O| FT.a | - CM4 EVENTOUT COMP1_INP, ADC1_IN6
LSCO®), TIM2_CH3, LPUART1_TX,

11 PA2 I/O| FT.a| - |QUADSPI_BK1_NCS, COMP2_OUT, \?V?(“L’J'ﬁi—'NM’ADCL'W’
CM4_EVENTOUT
TIM2_CH4, SAI1_PDM_CK1,

12 PA3 I/O| FT_.a | - |LPUART1_RX, QUADSPI_CLK, COMP2_INP, ADC1_IN8
SAI1_MCLK_A, CM4_EVENTOUT
SPI1_NSS, SAI1_FS_B, COMP1_INM,

13 PA4 Vo | FTa| - LPTIM2_OUT, CM4_EVENTOUT COMP2_INM, ADC1_IN9
TIM2_CH1, TIM2_ETR, SPI1_SCK,

14 PA5 I/O| FT.a| - |LPTIM2_ETR, SAI1_SD B, 88mz;_:m’ ADCA IN1O
CM4_EVENTOUT = -
TIM1_BKIN, SPI1_MISO,

15 PAG /0| FT_a | - |LPUART1_CTS,QUADSPI_BK1_103, |ADC1_IN11
TIM16_CH1, CM4_EVENTOUT
TIM1_CH1N, I2C3_SCL, SPI1_MOSI,

16 PA7 I/O|FT fa| - |QUADSPI_BK1 |02, COMP2_OUT, |ADC1_IN12
TIM17_CH1, CM4_EVENTOUT
MCO, TIM1_CH1, SAI1_PDM_CK2,

17 PA8 /0| FT_a | - |USART1_CK, SAI1_SCK_A, ADC1_IN15
LPTIM2_OUT, CM4_EVENTOUT
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STM32WB55xx STM32WB35xx

Pinouts and pin description

Table 17. STM32WB35xx pin and ball definitions (continued)

Pin o
8 2 »
5 2 § % Alternate functions Additional functions
2| Name (function hE. 9 z
5 after reset) o
4 -
TIM1_CH2, SAI1_PDM_DI2,
18 PA9 I/O| FT fa| - [I2C1_SCL,USART1_TX,SAl1_FS_A, | COMP1_INM, ADC1_IN16
CM4_EVENTOUT
RTC_OUT, LPTIM1_OUT,
19 PB2 /0| FT_a | - [I2C3_SMBA, SPI1_NSS, COMP1_INP
SAI1_EXTCLK, CM4_EVENTOUT
20 VDD S - - - -
21 RF1 o| RF | @4 - -
22 VSSRF S - - - -
23 VDDRF S - - - -
24 0OSC_OuT o| RF | ® - -
25 OSC_IN Il | RF | ©® - -
26 ATO oO| RF | ® - -
27 AT1 o| RF | ® - -
7y | COMP1_OUT, CM4_EVENTOUT, )
28 PBO Vo 1T RF_TX_MOD_EXT_PA
(7) |LPUART1_RTS_DE, LPTIM2_IN1, )
29 PB1 Vo 1T CM4_EVENTOUT
30 PE4 /0| FT - |CM4_EVENTOUT -
31 VFBSMPS S - - - -
32 VSSSMPS S - - - -
33 VLXSMPS S - - - -
34 VDDSMPS S - - - -
35 VDD S - - - -
TIM1_CH3, SAI1_PDM_DI1,
I2C1_SDA, USART1_RX,
36 PA10 VO FT_f | - |ySB'CRS SYNC, SAI1_SD_A, -
TIM17_BKIN, CM4_EVENTOUT
TIM1_CH4, TIM1_BKIN2,
37 PA11 I/O| FT_u | - |SPI1_MISO, USART1_CTS, -
USB_DM, CM4_EVENTOUT
TIM1_ETR, SPI1_MOSI,
38 PA12 I/O| FT.u| - |LPUART1_RX, USART1_RTS DE, -
USB_DP, CM4_EVENTOUT
39 PA13 ol et | ® [JTMS-SWDIO, IR_OUT, USB_NOE, ]
(JTMS-SWDIO) SAI1_SD_B, CM4_EVENTOUT
40 VDDUSB S - - - -
‘Yl DS11929 Rev 11 711193
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Pin

outs and pin description STM32WB55xx STM32WB35xx

Table 17. STM32WB35xx pin and ball definitions (continued)

Pin o
5| % | 3
5 2 3 5 Alternate functions Additional functions
2| Name (function hE. 9 z
5 after reset) o
4 —
PA14 JTCK-SWCLK, LPTIM1_OUT,
41 o| FT | ® |12c1_SMBA, SAI1_FS B, -
(JTCK-SWCLK) CM4_EVENTOUT
@ |JTDI, TIM2_CH1, TIM2_ETR, )
421 PAIS(JTD) | lO | FT SPI1_NSS, CM4_EVENTOUT, MCO
JTDO-TRACESWO, TIM2_CH2,
43 PB3 (JTDO) I/O| FT_.a | - |SPI1_SCK, USART1_RTS_DE, COMP2_INM
SAlI1_SCK_B, CM4_EVENTOUT
NJTRST, I12C3_SDA, SPI1_MISO,
44| PB4 (NJTRST) |1/O|FT fa| ® |USART1_CTS, SAI1_MCLK_B, COMP2_INP
TIM17_BKIN, CM4_EVENTOUT
LPTIM1_IN1, 12C1_SMBA,
SPI1_MOSI, USART1_CK,
45 PB5 I/O| FT_a | - |LPUART1_TX, COMP2_OUT, -
SAI1_SD_B, TIM16_BKIN,
CM4_EVENTOUT
LPTIM1_ETR, I12C1_SCL,
USART1_TX, SAI1_FS_B,
46 PB6 /O | FT fa| - TIM16_CHN, MCO. COMP2_INP
CM4_EVENTOUT
LPTIM1_IN2, TIM1_BKIN, I2C1_SDA,
47 PB7 I/O| FT fa| - |USART1_RX, TIM17_CH1N, COMP2_INM, PVD_IN
CM4_EVENTOUT
48 VDD S - - - -

N o o b~ e

72/193 DS11929 Rev 11

PC14 and PC15 are supplied through the power switch. As this switch only sinks a limited amount of current (3 mA), the
use of the PC14 and PC15 GPIOs in output mode is limited:

- the speed must not exceed 2 MHz with a maximum load of 30 pF

- these GPIOs must not be used as current sources (e.g. to drive a LED).

After a Backup domain power-up, PC13, PC14 and PC15 operate as GPIOs. Their function then depends on the content of
the RTC registers that are not reset by the system reset. For details on how to manage these GPIOs, refer to the Backup
domain and RTC register descriptions in the reference manual RM0434, available on www.st.com.

The clock on LSCO is available in Run and Stop modes, and on PA2 in Standby and Shutdown modes.
RF pin, use the nominal PCB layout.

32 MHz oscillator pins, use the nominal PCB layout according to reference design (see AN5165).
Reserved, must be kept unconnected.

High frequency (above 32 kHz) may impact the RF performance. Set output speed GPIOB_OSPEEDRY[1:0] to 00 (y =0
and 1) during RF operation.

After reset these pins are configured as JTAG/SW debug alternate functions, and the internal pull-up on PA15, PA13 and
PB4 pins and the internal pull-down on PA14 pin are activated.

3
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Memory mapping

The STM32WB55xx and STM32WB35xx devices feature a single physical address space
that can be accessed by the application processor and by the RF subsystem.

A part of the Flash memory and of the SRAM2a and SRAM2b memories are made secure,
exclusively accessible by the CPU2, protected against execution, read and write from CPU1
and DMA.

In case of shared resources the SW should implement arbitration mechanism to avoid
access conflicts. This happens for peripherals Reset and Clock Controller (RCC), Power
Controller (PWC), EXTI and Flash interface, and can be implemented using the built-in
semaphore block (HSEM).

By default the RF subsystem and CPU2 operate in secure mode. This implies that part of
the Flash and of the SRAM2 memories can only be accessed by the RF subsystem and by
the CPU2. In this case the Host processor (CPU1) has no access to these resources.

The detailed memory map and the peripheral mapping can be found in the reference
manual RM0434.
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6.1

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

3

Electrical characteristics

Parameter conditions

Unless otherwise specified, all voltages are referenced to Vgg.

Minimum and maximum values

Unless otherwise specified, the minimum and maximum values are guaranteed in the worst
conditions of ambient temperature, supply voltage and frequencies by tests in production on
100% of the devices with an ambient temperature at Ty = 25 °C and T, = Taymax (given by
the selected temperature range).

Data based on characterization results, design simulation and/or technology characteristics
are indicated in the table footnotes and are not tested in production. Based on
characterization, the minimum and maximum values refer to sample tests and represent the
mean value plus or minus three times the standard deviation (mean +30).

Typical values

Unless otherwise specified, typical data are based on Vpp = Vppa = Vpprr = 3 V and
T =25 °C. They are given only as design guidelines and are not tested.

Typical ADC accuracy values are determined by characterization of a batch of samples from
a standard diffusion lot over the full temperature range, where 95% of the devices have an
error less than or equal to the value indicated (mean * 20).

Typical curves

Unless otherwise specified, all typical curves are given only as design guidelines and are
not tested.

Loading capacitor

The loading conditions used for pin parameter measurement are shown in Figure 14.

Pin input voltage

The input voltage measurement on a pin of the device is described in Figure 15.

Figure 14. Pin loading conditions Figure 15. Pin input voltage
MCU pin MCU pin
C=50pF
MS19210v1 MS19211V1
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6.1.6 Power supply scheme

Figure 16. Power supply scheme (all packages except UFBGA129 and WLCSP100)
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1. The value of L1 depends upon the frequency, as indicated in Table 6.
2. VRgg+ connection is not available on UFQFPN48 package.
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Figure 17. Power supply scheme (UFBGA129 and WLCSP100 packages)
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The value of L1 depends upon the frequency, as indicated in Table 6.

2. For UFBGA129 package VDD_DCAPx and VSS_DCAPX balls are connected to Vpp and Vgg internally, to
simplify the 2-layer board layout and especially the ground plane below the BGA.
Vpp power supply can be made with a single connection to the center of the BGA on the board bottom
layer. The decoupling 100 nF capacitors are connected without cutting the board ground plane.

3. nx 100 nF only for WLCSP package.

3
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Electrical characteristics STM32WB55xx STM32WB35xx

Caution:  Each power supply pair (Vpp / Vss, Vppa / Vssa etc.) must be decoupled with filtering
ceramic capacitors as shown in Figure 16. These capacitors must be placed as close as
possible to (or below) the appropriate pins on the underside of the PCB to ensure the good
functionality of the device.

6.1.7 Current consumption measurement

Figure 18. Current consumption measurement scheme

Ipbsmps
O
1
_L ~ Vbpsmps
i Ioorr
O 0
_L Voorr
) Iobuse
O |
_L Vbpuss
= loovear
O 0
_L Vear
- oo
N r
1]
_L Voo
) Ioba
N r
1
_L Vopa
= MS45416V1
6.2 Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 20, Table 21 and Table 22
may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these conditions is not implied. Exposure to maximum rating
conditions for extended periods may affect device reliability.

Device mission profile (application conditions) is compliant with JEDEC JESD47
Qualification Standard, extended mission profiles are available on demand.
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Electrical characteristics

Table 20. Voltage characteristics("

Symbol Ratings Min Max Unit
External main supply voltage
Vbpx - Vss | (including Vpp, Vppa, Vopuss: Vico: Voore: -0.3 4.0
Vbpsmps: VBAT: VREF+)
: min (Vpp. Vppa. Vopuse: Vicp: | v
Input voltage on FT_xxx pins
2) i ° i Voorr Vopswmps) * 4-0(3)%
Vin Input voltage on TT_xx pins Vss03 4.0
Input voltage on any other pin 4.0
IAVppy Variations between different Vppx power pins ) 50
DDl | of the same domain
\Y, b Il the diff d m
ariations between all the different groun
VssxVssl | ping(s) ° ) %0
VRrEer+ - Vppa | Allowed voltage difference for Vgrer+ > Vppa - 0.4 \Y

1.

external power supply, in the permitted range.

All main power (Vpp, Vpprr: Vopa: Voousss Vicps Vear) and ground (Vgg, Vgsa) pins must always be connected to the

2. VN maximum must always be respected. Refer to Table 21 for the maximum allowed injected current values.
3. This formula has to be applied only on the power supplies related to the 10 structure described in the pin definition table.
4. To sustain a voltage higher than 4 V the internal pull-up/pull-down resistors must be disabled.
5. Include VREF- pin.
Table 21. Current characteristics
Symbol Ratings Max Unit
>Vpp Total current into sum of all Vpp power lines (source)(") 130
YIVsg Total current out of sum of all Vgg ground lines (sink)(") 130
Vopeiny Maximum current into each Vpp power pin (source)() 100
Vsspiny Maximum current out of each Vgg ground pin (sink)(" 100
Output current sunk by any I/0 and control pin except FT_f 20
lioPin Output current sunk by any FT_f pin 20 A
Output current sourced by any I/0O and control pin 20
5 Total output current sunk by sum of all I/Os and control pins(z) 100
lioeIin
(PIN) Total output current sourced by sum of all I/Os and control pins(z) 100
3) Injected current on FT_xxx, TT_xx, RST and B pins, except PB0O and PB1 -5/+0@
lINuPIN
(PIN) Injected current on PBO and PB1 -5/0
>lingeinyl | Total injected current (sum of all I/Os and control pins)®) 25
1. All main power (Vpp, Vpprr: Vopa: Vobuss: Vear) and ground (Vss, Vgsa) pins must always be connected to the external
power supplies, in the permitted range.
2. This current consumption must be correctly distributed over all I/Os and control pins. The total output current must not be
sunk/sourced between two consecutive power supply pins referring to high pin count packages.
3. Positive injection (when V| > Vpp) is not possible on these 1/0Os and does not occur for input voltages lower than the
specified maximum value.
4.

characteristics for the maximum allowed input voltage values.

S74

DS11929 Rev 11

A negative injection is induced by V|y < Vgs. I,NJ(IPW) must never be exceeded. Refer also to Table 20: Voltage
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Electrical characteristics
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5. When several inputs are submitted to a current injection, the maximum Z|I|NJ(p|N)| is the absolute sum of the negative
injected currents (instantaneous values).

Table 22. Thermal characteristics

Symbol Ratings Value Unit
Tste Storage temperature range —65 to +150 o
T, Maximum junction temperature 130

86/193
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Electrical characteristics

6.3 Operating conditions
6.3.1 Summary of main performance
Table 23. Main performance at Vpp = 3.3V
Parameter Test conditions Typ Unit
VBAT (Vgar = 1.8 V, Vpp =0V) 0.002
Shutdown (Vpp = 1.8 V) 0.013
Standby (Vpp = 1.8 V, 32 Kbytes RAM retention) 0.320
Stop2 1.85
Core current
lcore consumption Sleep (16 MHz) 740
LP run (2 MHz) 320
Run (64 MHz) 5000
Radio RX(") 4500
Radio TX 0 dBm output power“) 5200 WA
Advertising with Stop 2(2) 13
(Tx = 0 dBm; Period 1.28 s; 31 bytes, 3 channels)
BLE
Advertising with Stop 22) 4
Peripheral (Tx = 0 dBm, 6 bytes; period 10.24 s, 3 channels)
lper | current LP timers - 6
consumption
12C3 - 71
LPUART - 7.7
RTC - 25
1. Power consumption including RF subsystem and digital processing.
2. Power consumption integrated over 100 s, including Cortex-M4, RF subsystem, digital processing and Cortex-MO+.
6.3.2 General operating conditions
Table 24. General operating conditions
Symbol Parameter Conditions Min Max Unit
fucLk | Internal AHB clock frequency - 0 64
focLk1 | Internal APB1 clock frequency - 0 64 MHz
focLk2 | Internal APB2 clock frequency - 0 64
Vpp | Standard operating voltage - 1.710@) 3.6
ADC or COMP used 1.62
Vppa | Analog supply voltage VREFBUF used 24 3.6 \Y
ADC, COMP, VREFBUF 0
not used
Vgar | Backup operating voltage - 1.55 3.6
"_l DS11929 Rev 11 87/193
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Table 24. General operating conditions (continued)

Symbol Parameter Conditions Min Max Unit
Vegsmps | SMPS Feedback voltage - 1.4 3.6
Vppre | Minimum RF voltage - 1.71 3.6
S USB used 3.0 3.6
V USB supply voltage
pouss USB not used 0 3.6 v
TT_xx 1/0 -0.3 Vpp + 0.3
ViN | /O input voltage min (min (Vpp, Vppa.
All /0O except TT_XX -0.3 VDDUSB’ VLCQ) +3.6V,
5.5 V)13)4)
UFQFPN48 - 803
Power dissipation at
p Ta = 85 °C for suffix 6 VFQFPN68 - 425 W
> |or ; WLCSP100 - 558
Tp = 105 °C for suffix 7()
UFBGA129 - 481
Ambient temperature for the | Maximum power dissipation _40 85
suffix 6 version Low-power dissipation(®) 105
TA
Ambient temperature for the Maximum power dissipation 40 105 o
suffix 7 version Low-power dissipation(®) 125
Suffix 6 version 105
T, Junction temperature range -40
Suffix 7 version 125

When RESET is released functionality is guaranteed down to Vgorg Min.

2. When Vppnin is lower then 1.95 V, the SMPS operation mode must be conditioned by enabling the BORH configuration to
force SMPS bypass mode, or the SMPS must not be enabled.

3. This formula has to be applied only on the power supplies related to the 10 structure described by the pin definition table.
Maximum 1/O input voltage is the smallest value between min (Vpp, Vppa, Vbopuse: Vicp) + 3.6 V and 5.5V.

4. For operation with voltage higher than min (Vpp, Vppa, Vbpuse: Vicp) + 0.3 V, the internal pull-up and pull-down resistors
must be disabled.

5. If Tp is lower, higher Pp values are allowed as long as T does not exceed T jmax (see Section 7.5: Thermal
characteristics).

6. In low-power dissipation state, T, can be extended to this range as long as T does not exceed T jmax (see Section 7.5:
Thermal characteristics).

6.3.3 RF BLE characteristics

RF characteristics are given at 1 Mbps, unless otherwise specified.

Table 25. RF transmitter BLE characteristics

Symbol Parameter Test conditions Min Typ Max Unit
Fop Frequency operating range - 2402 - 2480 M
Futal Crystal frequency - - 32 -

AF Delta frequency - - 250 - kHz

3
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Table 25. RF transmitter BLE characteristics (continued)

Symbol Parameter Test conditions Min Typ Max Unit
Rgfsk | On Air data rate - - 1 2 Mbps
PLLres RF channel spacing - - 2 - MHz

Table 26. RF transmitter BLE characteristics (1 Mbps)“)

Symbol Parameter Test conditions Min | Typ | Max | Unit

SMPS Bypass or
ON (VFBSMPS =1.7Vand - 6.0 -
Vpp > 1.95 V)@

SMPS Bypass (Vpp > 1.71 V) or
Prf ON (VFBSMPS =1.4V and - 3.7 - dBm
Vpp > 1.95 V), Code 29

Maximum output power

0 dBm output power - - 0 -
Minimum output power - - -20 -
Pband | Output power variation over the band | Tx =0 dBm - Typical 05| - 04 | dB
BW6dB | 6 dB signal bandwidth Tx = maximum output power - 670 - kHz
2MHz |Bluetooth® Low Energy: -20 dBm - -50 -
IBSE In band spurious emission dBm
>3 MHz |Bluetooth® Low Energy: -30 dBm - -53 -
fy Frequency drift Bluetooth® Low Energy: £50 kHz | -50 - +50 | kHz
Bluetooth® Low Energy: kHz/
maxdr | Maximum drift rate 20 kHz / 50 s 9 -20 - | 20 |5, us
Bluetooth® Low Energy:
fo Frequency offset +150 kHz e -150 - | +150
BI h® Low E Kz
o uetoot ow Energy:
Af1 Frequency deviation average between 225 and 275 kHz 225 | - | 275
Afa Frequency deviation Bluetooth® Low Energy:> 0.80 0.80 - - -
Af2 (average) / Af1 (average)
<1GHz - - -61 -
oBsg(@ |Outofband dBm
spurious emission > 1 GHz - - 46 -

1. Measured in conducted mode, based on reference design (see AN5165), using output power specific external RF filter and
impedance matching networks to interface with a 50 Q antenna.

2. Vegsmps and Vpp must be set to different voltage levels, depending upon the desired TX signal (see AN5246 Usage of
SMPTS4 on STM32WB Series microcontrollers, available on www.st.com).

3. Suitable for systems targeting compliance with worldwide radio-frequency regulations ETSI EN 300 328 and EN 300 440
Class 2 (Europe), FCC CFR47 Part 15 (US), and ARIB STD-T66 (Japan).

3
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Electrical characteristics STM32WB55xx STM32WB35xx

Table 27. RF transmitter BLE characteristics (2 Mbps)(")

Symbol Parameter Test conditions Min | Typ | Max | Unit

SMPS Bypass or ON
(VFBSMPS =1.7Vand - 6.0 -
Vpp > 1.95 V)@

SMPS Bypass or ON
P (Vegsmps = 1.4 V and - |37 ] - |dBm
Vpp > 1.71 V), Code 29%?)

Maximum output power

0 dBm output power - - 0 -
Minimum output power - - |20 | -
Pband Output power variation over the band | Tx = 0 dBm - Typical 05| - | 04| dB
BW6dB | 6 dB signal bandwidth Tx = maximum output power - | 670 | - | kHz
4 MHz |Bluetooth® Low Energy: -20 dBm - -56 -
IBSE In band spurious emission | 5 MHz Bluetooth® Low Energy: -20 dBm - -57 - dBm
>6 MHz |Bluetooth® Low Energy: -30 dBm -58
fy Frequency drift Bluetooth® Low Energy: +50 kHz -50 - 50 | kHz
Bluetooth® Low Energy: kHz/
maxdr Maximum drift rate +20 kHz / 50 us e -20 - 20 50 us
fo Frequency offset Bluetooth® Low Energy: +150 kHz | -150 | - 150
o Bluetooth® Low Energy: kHz
Af1 Frequency deviation average between 450 and 550 kHz 450 | - | 550
Afa | Frequency deviation Bluetooth® Low Energy:>0.80 | 0.80| - | - ;
Af2 (average) / Af1 (average)
<1GHz - - -61 -
oBsg® |Qutofband dBm
spurious emission >1 GHz - - -46 -

1. Measured in conducted mode, based on reference design (see AN5165), using output power specific external RF filter and
impedance matching networks to interface with a 50 Q antenna.

2. Vggsmps and Vpp must be set to different voltage levels, depending upon the desired TX signal (see AN5246 Usage of
SMPS on STM32WRB Series microcontrollers, available on www.st.com).

3. Suitable for systems targeting compliance with worldwide radio-frequency regulations ETSI EN 300 328 and EN 300 440
Class 2 (Europe), FCC CFR47 Part 15 (US), and ARIB STD-T66 (Japan).

3
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Electrical characteristics

Table 28. RF receiver BLE characteristics (1 Mbps)

Symbol Parameter Test conditions Typ Unit
Prx_max | Maximum input signal PER <30.8% 0
- P 9 Bluetooth® Low Energy: min -10 dBm
5 0 High sensitivity mode (SMPS Bypass) | per <30.8% -96
sens High sensitivity mode (SMPS ON) Bluetooth® Low Energy: max -70 dBm -95.5 dBm
Rssimaxrange RSSI maximum value - -7
RsSiminrange | RSSI minimum value - -94
RSSigcey RSSI accuracy - 2
Cllco Co-channel rejection Bluetooth® Low Energy: 21 dB 8
Adj =5 MHz 53
Bluetooth® Low Energy: -27 dB
Adj £ -5 MHz 53
Bluetooth® Low Energy: -27 dB
Adj = 4 MHz 48
Bluetooth® Low Energy: -27 dB
Adj = -4 MHz .33
Bluetooth® Low Energy: -15 dB
- dB
. . Adj =3 MHz
C/l Adjacent channel interference Bluetooth® Low Energy: -27 dB -46
Adj =2 MHz -39
Bluetooth® Low Energy: -17 dB
Adj = -2 MHz .35
Bluetooth® Low Energy: -15 dB
Adj =1 MHz 2
Bluetooth® Low Energy: 15 dB
Adj = -1 MHz 5
Bluetooth® Low Energy: 15 dB
C/lmage Image rejection (Fimage = -3 MHz) Bluetooth® Low Energy: -9 dB -29
[f2-f1] = 3 MHz 34
Bluetooth® Low Energy: -50 dBm
. [f2-f1] = 4 MHz )
P_IMD Intermodulation Bluetooth® Low Energy: -50 dBm 30 dBm
[f2-f1] = 5 MHz .32
Bluetooth® Low Energy: -50 dBm
1S7] DS11929 Rev 11 91/193
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Table 28. RF receiver BLE characteristics (1 Mbps) (continued)

Symbol Parameter Test conditions Typ Unit

30 to 2000 MHz
Bluetooth® Low Energy: -30 dBm

2003 to 2399 MHz 5
Bluetooth® Low Energy: -35 dBm

P_OBB Out of band blocking dBm
2484 to 2997 MHz

Bluetooth® Low Energy: -35 dBm -2
3t012.75 GHz 7
Bluetooth® Low Energy: -30 dBm
1. With ideal TX.
Table 29. RF receiver BLE characteristics (2 Mbps)
Symbol Parameter Test conditions Typ Unit
Prx_max | Maximum input signal PER <30.8% 0
- P 9 Bluetooth® Low Energy: min -10 dBm
High sensitivity mode (SMPS Bypass) | pgRr <30.8% -93
(1) )

Psens High sensitivity mode (SMPS ON) Bluetooth® Low Energy: max -70 dBm -92.5 dBm
RsSimaxrange | RSSI maximum value - -7
RSSiminrange RSSI minimum value - -94

RsSigeqy | RSSI accuracy - 2

Cllco Co-channel rejection Bluetooth® Low Energy spec: 21 dB 9
Adj = 8MHz 53
Bluetooth® Low Energy: -27 dB
Adj < -8 MHz -50
Bluetooth® Low Energy: -27 dB
Adj =6 MHz 49
Bluetooth® Low Energy: -27 dB
- dB
. . Adj = -6 MHz
C/l Adjacent channel interference Bluetooth® Low Energy: -15 dB -46
Adj =4 MHz 42
Bluetooth® Low Energy: -17 dB
Adj =2 MHz 3
Bluetooth® Low Energy:15 dB
Adj = -2 MHz 3
Bluetooth® Low Energy:15 dB
C/lmage Image rejection (Fimage = -4 MHz) Bluetooth® Low Energy: -9 dB -26
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Table 29. RF receiver BLE characteristics (2 Mbps) (continued)

Symbol Parameter Test conditions Typ Unit
[f2-f1] = 6 MHz
Bluetooth® Low Energy: -50 dBm -29
P_IMD Intermodulation gﬁﬂtlocz)tﬁ@MLl-clsv Energy: -50 dBm -30
[f2-f1] = 10 MHz
Bluetooth® Low Energy: -50 dBm -29
30 to 2000 MHz
Bluetooth® Low Energy: -30 dBm -3 dBm
2003 to 2399 MHz
Bluetooth® Low Energy: -35 dBm -9
P_OBB Out of band blocking
2484 to 2997 MHz
Bluetooth® Low Energy: -35 dBm -3
310 12.75 GHz
Bluetooth® Low Energy: -30 dBm 4
1. With ideal TX.
Table 30. RF BLE power consumption for Vpp = 3.3 V(1)
Symbol Parameter Typ | Unit
TX maximum output power consumption (SMPS Bypass) 12.7
toamax TX maximum output power consumption (SMPS On, Veggmps = 1.7 V) 7.8
TX 0 dBm output power consumption (SMPS Bypass) 8.8
'xodom TX 0 dBm output power consumption (SMPS On, Veggmps = 1.4 V) 5.2 mA
Rx consumption (SMPS Bypass) 7.9
L P consumption (SMPS On, Vegsups = 1.4 V) 45
1. Power consumption including RF subsystem and digital processing.
6.3.4 RF 802.15.4 characteristics
Table 31. RF transmitter 802.15.4 characteristics
Symbol Parameter Conditions Min | Typ | Max | Unit
Fop Frequency operating range - 2405| - |2480
Futal | Crystal frequency - - 32 - | MHz
AF Delta frequency - - 5 -
Rogpsk | On air data rate - - 250 - kbps
PLLres | RF channel spacing - - 5 - MHz
"_l DS11929 Rev 11 93/193
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Table 31. RF transmitter 802.15.4 characteristics (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
SMPS Bypass or ON
(VFBSMPS =1.7V and - 57 -
Vpp > 1.95V)
Maximum output power(!) SMPS Bypass
Prf (Vpp > 1.71 V) or ON ) 37 ) dBm
(VFBSMPS =14V and ’
Vpp > 1.95V)
0 dBm output power - - 0 -
Minimum output power - - -20 -
Pband | Output power variation over the band | Tx = 0 dBm - Typical -0.5 - 04 | dB
EVMrms | EVM rms Pmax - 8 - %
Txpd | Transmit power density |f - fc| > 3.5 MHz - -35 - dB

1. Measured in conducted mode, based on reference design (see AN5165), using output power specific
external RF filter and impedance matching networks to interface with a 50 Q antenna.

Table 32. RF receiver 802.15.4 characteristics

Symbol Parameter Conditions Typ Unit

Prx_max Maximum input signal Min: -20 dBm and PER < 1% -10
Sensitivity (SMPS Bypass) -100 dBm

Rsens Max: -85 dBm and PER < 1%

Sensitivity (SMPS ON) -98

Cladj Adjacent channel rejection - 35
dB

Clalt Alternate channel rejection - 46

Figure 19. Typical link quality indicator code vs. Rx level
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Figure 20. Typical energy detection (T = 27°C, Vpp = 3.3 V)
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Table 33. RF 802.15.4 power consumption for Vpp = 3.3 v
Symbol Parameter Typ | Unit
| TX maximum output power consumption (SMPS Bypass) 11.7
t
M TX maximum output power consumption (SMPS On, Vgggyps = 1.7 V) 6.5
| TX 0 dBm output power consumption (SMPS Bypass) 9.1 A
tx0db m
EEM 1 TX 0 dBm output power consumption (SMPS On, Vgggyps = 1.4 V) 4.5
| Rx consumption (SMPS Bypass) 9.2
|
o Rx consumption (SMPS On) 45
1. Power consumption including RF subsystem and digital processing.
Kys DS11929 Rev 11 95/193
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6.3.5 Operating conditions at power-up / power-down

The parameters given in Table 34 are derived from tests performed under the ambient
temperature condition summarized in Table 24.

Table 34. Operating conditions at power-up / power-down

Symbol Parameter Conditions Min Max Unit
Vpp rise time rate - °°
tvop ) -
Vpp fall time rate 10 o0
. Vppa rise time rate 0 e
VDDA -
Vppa fall time rate 10 o0
us/V
VDDUSB rise time rate 0 ©
tvppuss -
Vppusg fall time rate 10 o0
. VppRer rise time rate - 0
VDDRF -
Vpprr fall time rate - o0
6.3.6 Embedded reset and power control block characteristics

The parameters given in Table 35 are derived from tests performed under the ambient
temperature conditions summarized in Table 24: General operating conditions.

Table 35. Embedded reset and power control block characteristics

Symbol Parameter Conditions(!) Min | Typ | Max | Unit
tRSTTEMPO(z) Reset temporization after BORO is detected | Vpp rising - 250 | 400 Ms
Rising edge 162 | 1.66 | 1.70
VBORO(z) Brown-out reset threshold 0

Falling edge 160 | 1.64 | 1.69

Rising edge 206 | 210 | 2.14
VBoOR1 Brown-out reset threshold 1

Falling edge 1.96 | 2.00 | 2.04

Rising edge 226 | 231 | 2.35
VBoRr2 Brown-out reset threshold 2

Falling edge 216 | 2.20 | 2.24

Rising edge 256 | 2.61 | 2.66
VBoR3 Brown-out reset threshold 3

Falling edge 247 | 2.52 | 2.57 v

Rising edge 285 | 290 | 2.95
VBoR4 Brown-out reset threshold 4

Falling edge 276 | 2.81 | 2.86

Rising edge 210 | 215 | 219
VpvbDo Programmable voltage detector threshold O

Falling edge 2.00 | 2.05 | 2.10

Rising edge 226 | 2.31 | 2.36
VPVD1 PVD threshold 1

Falling edge 215 | 220 | 2.25

Rising edge 241 | 246 | 2.51
VPVDZ PVD threshold 2

Falling edge 231 | 2.36 | 2.41

3
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Table 35. Embedded reset and power control block characteristics (continued)

Symbol Parameter Conditions™ | Min | Typ | Max | Unit
Rising edge 256 | 2.61 | 2.66
VPVD3 PVD threshold 3
Falling edge 247 | 252 | 2.57
Rising edge 269 | 274 | 2.79
VPVD4 PVD threshold 4
Falling edge 259 | 264 | 2.69 v
Rising edge 285 | 291 | 2.96
VPVD5 PVD threshold 5
Falling edge 275 | 2.81 | 2.86
Rising edge 292 | 298 | 3.04
VPVDG PVD threshold 6
Falling edge 284 | 290 | 2.96
Hysteresis in
. - 20 -
continuous mode
Vhyst BORHO Hysteresis voltage of BORHO
- Hysteresis in
- 30 - mV
other mode
Vv Hysteresis voltage of BORH (except ) ) 100 )
hyst BOR PVD | BORHO0) and PVD
(3)
@) |BORY (except BORO) and PVD ) )
'op (BOR_PVD) consumption from Vpp 11116 | pA
Veymi Vppusg peripheral voltage monitoring - 118 | 1.22 | 1.26
v v heral vol Rising edge 161 | 1.65 | 1.69 \%
peripheral voltage monitoring
PYM3 DDA Falling edge 16 | 164 | 1.68
Vhyst PVM3 PVM3 hystereSiS - - 10 - vV
— m
Vhyst_PYM1 PVM1 hysteresis - - 10 -
Iop (PVM1)@) | PVM1 consumption from Vpp - - 0.2 - A
¥
Iop (PVM3)(2) PVM3 consumption from Vpp - - 2 -
Continuous mode means Run/Sleep modes, or temperature sensor enable in Low-power run/Low-power sleep modes.
2. Guaranteed by design.
BORO is enabled in all modes (except shutdown) and its consumption is therefore included in the supply current
characteristics tables.
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6.3.7 Embedded voltage reference

The parameters given in Table 36 are derived from tests performed under the ambient
temperature and supply voltage conditions summarized in Table 24: General operating

conditions.
Table 36. Embedded internal voltage reference
Symbol Parameter Conditions Min | Typ Max Unit
VREFINT Internal reference voltage —40°C<Tp<+125°C | 1.182 | 1.212| 1.232 \Y
ts. urefint 1) ADC sampling time when reading ) 42 ) )

the internal reference voltage

us
Start time of reference voltage

Istart_vrefint | ffer when ADC is enabled

VRrernT buffer consumption from

- - (2)
oo (VREFINTBUF) Vpp When converted by ADC 125 20 WA

Internal reference voltage spread

= - @)

AVREFINT over the temperature range Vop =3V 5 75 mV
Tcoeff Temperature coefficient —40°C<Tp<+125°C - 30 50) | ppm/°C
Acoeft Long term stability 1000 hours, T = 25 °C - 300 | 1000 | ppm

Vopcoeff | Voltage coefficient 3.0V<Vpp<3.6V - 250 | 1200@ | ppmv

VRerINT Div1 | 1/4 reference voltage 24 25 26
o,
VRerINT DIv2 | 1/2 reference voltage - 49 50 51 &
= VREFINT
VRerINT Div3 | 3/4 reference voltage 74 75 76

1. The shortest sampling time can be determined in the application by multiple iterations.
2. Guaranteed by design.

Figure 21. VRerinT VS- temperature

\Y
1.235
I o ———
1.23 g
1.225
1.22
1.215
1.21 ./‘.—' \
1.205
1.2
1.195 ® —C 0
1.19
1.185
-40 -20 0 20 40 60 80 100 120 °C
== |\lcan e=@==|\]in ==@==\]ax
MSv40169V1
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6.3.8

3

Supply current characteristics

The current consumption is a function of several parameters and factors such as the
operating voltage, ambient temperature, 1/O pin loading, device software configuration,
operating frequencies, I/O pin switching rate, program location in memory and executed
binary code.

The current consumption is measured as described in Figure 18: Current consumption
measurement scheme.

Typical and maximum current consumption

The MCU is put under the following conditions:
e AllI/O pins are in analog input mode
e All peripherals are disabled except when explicitly mentioned

e  The Flash memory access time is adjusted with the minimum wait states number,
depending on the fyc k frequency (refer to the table “Number of wait states according
to CPU clock (HCLK) frequency” available in the reference manual).

e  When the peripherals are enabled fpc| k = fHoLk
e  For Flash memory and shared peripherals foc k = fhcLk = fHeLks
The parameters given in Table 37 to Table 48 are derived from tests performed under

ambient temperature and supply voltage conditions summarized in Table 24: General
operating conditions.
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Table 39. Typical current consumption in Run and Low-power run modes, with different codes
running from Flash, ART enable (Cache ON Prefetch OFF), Vpp=3.3V

Conditions TYP TYP
Symbol Parameter Voltage Unit Unit
- A9 Code 25°C 25°C
scaling
. |Reduced codel” | 1.90 119
I
o~ = Coremark 1.85 116
N o ©
g = Dhrystone 2.1 185 | mA | 116 | uyA/MHz
©
8 ® % |Fibonacci 1.75 109
o I
E, = | While(1) 1.60 100
> Reduced code(” | 8.15 127
o) T
= - Coremark 8.00 125
T o <
+ g’f Dhrystone 2.1 8.10 | mA | 127 | pA/MHz
©Q T
=3 © X |Fibonacci 7.60 119
Io e
on (Run) Supply current in 5 x: * | While(1) 6.85 107
DD o
Run mode ER S . |Reducedcodel | 5.00 78
= I
E 8 é = Coremark 4.95 77
T = <
S< ? P Dhrystone 2.1 495 | mA | 77 | WA/MHz
(Q hand
- N4 . .
o ﬂg’) g Fibonacci 4.75 74
g er While(1) 4.40 69
[{<]
= S _ _ |Reduced code!" | 4.07 64
oT " T =<
I § = & | Coremark 3.99 62
X
3 n % © S | Dhrystone 2.1 404 | mA | 63 | pAMHzZ
("= - o |l
o %< g |Fibonacci 3.79 59
2255
& = |While(1) 3.42 53
Reduced code(" | 320 160
Coremark 350 175
Supply currentin faelk = fmsi = 2 MHz
Ipp(LPRun) Low-power run | All peripherals disable Dhrystone 2.1 350 | WA | 175 | WAMHz
Fibonacci 390 195
While(1) 225 13

1. Reduced code used for characterization results provided in Table 37 and Table 38.
2. Value computed. MCU consumption when RF TX and SMPS are ON.
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STM32WB55xx STM32WB35xx Electrical characteristics

Table 40. Typical current consumption in Run and Low-power run modes,
with different codes running from SRAM1, Vpp=3.3V

Conditions TYP TYP
Symbol Parameter Voltage Unit Unit
- g Code 25°C 25°C
scaling
N Reduced code() | 2.00 125
T
NP= Coremark 1.75 109
N o ©
% 2 ‘; Dhrystone 2.1 195 | mA 122 | yA/MHz
©
S ® 3 |Fibonacci 1.85 116
[} T
3 “ | While(1) 1.85 116
> Reduced code(!) | 8.80 138
o) T
- - = Coremark 7.50 117
a o
P 2P Dhrystone 2.1 8.60 | mA | 134 | pA/MHz
© Q ©
=3 © X |Fibonacci 7.90 123
3]
=0 e ,
o Rum) | Supplycurentin | % 2 While(1) 8.00 125
DD 5
Run mode 32 S . |ReducedcodeV | 525 82
e = I
E g § = Coremark 4.65 73
I = <
=< L Dhrystone 2.1 515 | mA | 80 | pA/MHz
(o ~
o 5 (35% Fibonacci 4.85 76
2 S |While(1) 4.90 77
[(e}
> S _ |Reduced code(V | 4.39 69
oF ° £ <<
i g = = & | Coremark 3.74 58
X
o 7] % © S | Dhrystone 2.1 429 | mA | 67 | uAIMHz
u ~ o |
Y c o— . .
083) (_in); % Fibonacci 3.94 62
& = |While(1) 3.99 62
Reduced code(V) | 255 128
Coremark 205 103
Supply current in fheik = fmsi = 2 MHz
Ipp(LPRun) Low-power run All peripherals disable Dhrystone 2.1 250 | wA | 125 | uAMHz
Fibonacci 230 115
While(1) 220 110

1. Reduced code used for characterization results provided in Table 37 and Table 38.
2. Value computed. MCU consumption when RF TX and SMPS are ON.
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1/0 system current consumption

The current consumption of the I/O system has two components: static and dynamic.
1/0 static current consumption

All the 1/0Os used as inputs with pull-up generate current consumption when the pin is
externally held low. The value of this current consumption can be simply computed by using
the pull-up/pull-down resistors values given in Table 72: /O static characteristics.

For the output pins, any external pull-down or external load must also be considered to
estimate the current consumption.

Additional 1/0 current consumption is due to I/Os configured as inputs if an intermediate
voltage level is externally applied. This current consumption is caused by the input Schmitt
trigger circuits used to discriminate the input value. Unless this specific configuration is
required by the application, this supply current consumption can be avoided by configuring
these I/Os in analog mode. This is notably the case of ADC input pins which should be
configured as analog inputs.

Caution:  Any floating input pin can also settle to an intermediate voltage level or switch inadvertently,
as a result of external electromagnetic noise. To avoid current consumption related to
floating pins, they must either be configured in analog mode, or forced internally to a definite
digital value. This can be done either by using pull-up/down resistors or by configuring the
pins in output mode.

1/0 dynamic current consumption

In addition to the internal peripheral current consumption measured previously (see

Table 50: Peripheral current consumption, the 1/Os used by an application also contribute to
the current consumption. When an 1/O pin switches, it uses the current from the 1/0 supply
voltage to supply the I/O pin circuitry and to charge/discharge the capacitive load (internal or
external) connected to the pin:

lsw = Vpp xfsw*xC

where

e gy is the current sunk by a switching I/O to charge/discharge the capacitive load
e Vppis the I/O supply voltage

o fgy is the I/O switching frequency

e Cis the total capacitance seen by the I/O pin: C = C\g+ Cgxt

e Cipis the I/O pin capacitance

e Cgxris the PCB board capacitance plus any connected external device pin

capacitance.
The test pin is configured in push-pull output mode and is toggled by software at a fixed
frequency.
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Electrical characteristics

On-chip peripheral current

consumption

The current consumption of the on-chip peripherals is given in Table 50. The MCU is placed

under the following conditions:

e Al l/O pins are in Analog mode
e The given value is calculated by measuring the difference of the current consumptions:
— when the peripheral is clocked on
— when the peripheral is clocked off
e  Ambient operating temperature and supply voltage conditions summarized in Table 20:

Voltage characteristics

e  The power consumption of the digital part of the on-chip peripherals is given in
Table 50. The power consumption of the analog part of the peripherals (where

applicable) is indicated in each related section of the datasheet.

Table 50. Peripheral current consumption

Peripheral Range 1 Range 2 r:::;zoz;’:;p Unit

Bus matrix(!) 2.40 2.00 1.80
TSC 1.25 1.05 1.05
CRC 0.465 0.375 0.380
AHB1 DMA1 1.90 1.55 1.80
DMA2 2.00 1.65 1.80
DMAMUX 4.15 3.40 4.45
All AHB1 peripherals 12.0 10.0 115
AES1 4.00 3.30 3.90
AHB2) ADC1 independent clock domain 2.55 210 210

ADC1 clock domain 2.25 1.90 1.90 MA/MHZz
All AHB2 peripherals 7.45 6.20 6.60
AHB3 QSPI 7.60 6.25 7.10
TRNG independent clock domain 3.80 N/A N/A
TRNG clock domain 2.00 N/A N/A
SRAM2 1.70 1.35 1.35
AHB Shared | FLASH 8.35 6.90 8.45
AES2 6.95 5.75 7.00
PKA 4.40 3.65 4.25
All AHB shared peripherals 175 14.5 16.0
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Table 50. Peripheral current consumption (continued)

Peripheral Range 1 Range 2 nl_::.;zo::;p Unit
RTCA 1.10 0.88 1.25
CRS 0.24 0.20 0.20
USB FS independent clock domain 3.20 N/A N/A
USB FS clock domain 2.05 N/A N/A
12C1 independent clock domain 2.50 4.40 440
I12C1 clock domain 4.80 4.00 5.50
I12C3 independent clock domain 210 3.50 3.55
I12C3 clock domain 3.70 3.10 3.55
LCD 1.35 1.10 2.10
APB1 SPI2 1.65 1.40 2.25
LPTIM1 independent clock domain 2.10 3.40 3.00
LPTIM1 clock domain 3.60 3.00 3.80
TIM2 5.65 4.70 4.90
LPUART1 independent clock domain 2.70 4.15 3.85
LPUART1 clock domain 4.45 3.70 5.25
MA/MHZz
LPTIM2 clock domain 3.95 3.25 4.50
LPTIM2 independent clock domain 2.20 3.70 3.80
WWDG 0.335 0.285 0.965
All APB1 peripherals 27.0 22.5 25.5
AHB to APB2(3) 1.10 0.885 1.35
TIM1 8.20 6.80 7.25
TIM17 2.85 2.40 2.40
TIM16 2.75 2.30 2.55
USART1 independent clock domain 4.40 7.80 7.00
APB2 USART1 clock domain 8.80 7.30 7.75
SPI1 1.75 1.45 1.45
SAl1 independent clock domain 2.50 1.50 3.50
SAI1 clock domain 2.40 N/A N/A
All APB2 on 28.0 23.0 255
ALL 97.5 80.5 90.0
1. The BusMatrix is automatically active when at least one master is ON (CPU, DMA).
2. GPIOs consumption during read and write accesses.
3. The AHB to APB2 bridge is automatically active when at least one peripheral is ON on the APB2.
116/193 DS11929 Rev 11 ‘,_l
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6.3.9 Wakeup time from Low-power modes and voltage scaling
transition times
The wakeup times given in Table 51 are the latency between the event and the execution of
the first user instruction.
The device goes in Low-power mode after the WFE (Wait For Event) instruction.
Table 51. Low-power mode wakeup timingsm
Symbol Parameter Conditions Typ | Max | Unit
Wakeup time from
tWUSLEEP Sleep mode - 9 10
to Run mode No. of
CPU
Wakeup time from Wakeup in Flash with memory in power-down cycles
twuLpsLeep | Low-power sleep mode | during low-power sleep mode (FPDS =1 in 9 10
to Low-power run mode | PWR_CR1) and with clock MSI = 2 MHz
Wakeup clock MSI = 32 MHz 2.38 | 2.96
Wake up time from Range 1
Stop 0 mode Wakeup clock HSI16 =16 MHz | 1.69 | 2.00
to Run mode in Flash Wakeup clock HSI16 = 16 MHz | 1.70 | 2.01
memory Range 2
Wakeup clock MSI =4 MHz 7.43 | 8.59
t
WUSTOPO Wakeup clock MSI =32 MHz | 2.63 | 3.00
. Range 1
Wake up time from Wakeup clock HSI16 = 16 MHz | 1.80 | 2.00
Stop 0 mode
to Run mode in SRAM1 R ) Wakeup clock HSI16 = 16 MHz | 1.82 | 2.02
ange
Wakeup clock MSI = 4 MHz 7.58 | 8.70
Wakeup clock MSI = 32 MHz 4.67 | 5.56
Wake up time from Range 1
Stop 1 mode Wakeup clock HSI16 =16 MHz | 5.09 | 6.03
to Run in Flash memory Wakeup clock HSI16 = 16 MHz | 5.08 | 6.00
SMPS bypassed Range 2 HS
Wakeup clock MSI =4 MHz 8.36 | 9.28
Wakeup clock MSI = 32 MHz 4.88 | 5.55
Wake up time from Range 1
Stop 1 mode Wakeup clock HSI16 =16 MHz | 5.29 | 5.95
to Run in SRAM1 Wakeup clock HSI16 = 16 MHz | 5.28 | 5.96
twustop1 | SMPS bypassed Range 2
Wakeup clock MSI =4 MHz 8.49 | 9.30
Wake up time from
Stop 1 mode to 796 | 9.59
Low-power run mode | Regulator in
in Flash memory -
Low-power |\, cup clock MSI = 4 MHz
Wake up time from _mcl’fvevg-Pc;;;
in
Stop 1 mode to — 8.00 | 947
Low-power run mode
in SRAM1
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Electrical characteristics STM32WB55xx STM32WB35xx

Table 51. Low-power mode wakeup timings(” (continued)

Symbol Parameter Conditions Typ | Max | Unit
Wake up time from Range 1 Wakeup clock MSI = 32 MHz 5.27 | 6.07
Stop 2 mode Wakeup clock HSI16 =16 MHz | 5.71 | 6.52
to Run mode in Flash
memory Range 2 Wakeup clock HSI16 =16 MHz | 5.72 | 6.52
SMPS bypassed Wakeup clock MSI = 4 MHz 9.10 | 9.93
t us
WUSTOP2 Wakeup clock MSI = 32 MHz 520 | 594
Wake up time from Range 1
Stop 2 mode to Run Wakeup clock HSI16 =16 MHz | 5.64 | 6.42
mode in SRAM1 Wakeup clock HSI16 = 16 MHz | 5.64 | 6.43
SMPS bypassed Range 2
Wakeup clock MSI =4 MHz 9.05 | 9.85
Wakeup time from
t Standby mode Range 1 Wakeup clock HSI16 = 16 MHz | 51.0 | 58.1 s
WUSTBY | to Run mode 9 P ' ' H
SMPS Bypassed

1. Guaranteed by characterization results (Vpp =3V, .T =25 °C).

Table 52. Regulator modes transition times(!)

Symbol Parameter Conditions Typ Max Unit
Wakeup time from Low-power run mode to .
tWULF’RUN Run mode(z) Code run with MSI 2 MHz 15.33 16.30
VE
Regulator transition time from Range 2 to .
tvosT Range 1 or Range 1 to Range 23) Code run with HSI16 21.4 28.9
1. Guaranteed by characterization results (Vpp =3V, T =25 °C).
2. Time until REGLPF flag is cleared in PWR_SR2.
3. Time until VOSF flag is cleared in PWR_SR2.
Table 53. Wakeup time using USART/LPUART(")
Symbol Parameter Conditions Typ | Max | Unit
Wakeup time needed to calculate the maximum Stop mode 0 - 1.7
twuusarT | USART/LPUART baud rate allowing to wakeup from us
tWULPUART ﬁtgﬁ (rsnodes when USART/LPUART clock source is Stop mode 1/2 i 85

1. Guaranteed by design.
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6.3.10 External clock source characteristics
High-speed external user clock generated from an external source
The high-speed external (HSE) clock is supplied with a 32 MHz crystal oscillator or a sine or
a square wave.
The devices include internal programmable capacitances that can be used to tune the
crystal frequency in order to compensate the PCB parasitic one.
The characteristics in Table 54 and Table 55 are measured over recommended operating
conditions, unless otherwise specified. Typical values are referred to Ty = 25 °C and
VDD =3.0V.
Table 54. HSE crystal requirements“)
Symbol Parameter Conditions Min | Typ | Max | Unit
fyom | Oscillator frequency - - 32 - MHz
Includes initial accuracy, stability over
froL Frequency tolerance temperature, aging and frequency pulling - - ) ppm
due to incorrect load capacitance.
C. Load capacitance - 6 - 8 pF
ESR |Equivalent series resistance - - - 100 Q

32 MHz XTAL is specified for two specific references: NX2016SA and NX1612SA.
2. Refer to the standard specification: 50 ppm for BLE, 40 ppm for 802.15.4 and when both BLE and 802.15.4 are used.

Table 55. HSE clock source requirements“)

Symbol Parameter Conditions Min | Typ Max Unit
fHSE_ext #:2; :::;rnal clock source ) ) 32 ) MHz
froL Frequency tolerance Includes initial accuracy, .stability _ ) @) ppm
over temperature and aging.
Vuse Clock input voltage limits Sine or square wave, AC-coupled® | 0.4 - 1.6 Vpp
DuCy(HSE) | Duty cycle - 45 50 55 %
t,, t Rise and fall times 10% - 90% square wave - - |[15*Vpp ns
Offset = 10 kHz - - -127
PnHse) | Phase noise for 32 MHz Offset = 100 kHz - - -135 | dBc/Hz
Offset = 1 MHz - - -138

1. Guaranteed by design.
2. Refer to the standard specification: 50 ppm for BLE, 40 ppm for 802.15.4 and when both BLE and 802.15.4 are used.
3. Only AC coupled is supported (capacitor 470 pF to 100 nF).

3
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Electrical characteristics

STM32WB55xx STM32WB35xx

Table 56. HSE oscillator characteristics

Symbol Parameter Conditions Min | Typ | Max Unit
t Startup time _. ) 1000 )
SUAHSE) | for 80% amplitude stabilization | VDpRr Stabilized,
s XOTUNE=000000, us
tartup time -40 to +125 °C range - -
ISUR(HSE) | for XOREADY signal 9 250
Ioprr(HsE) | HSE current consumption HSEGMC=000, XOTUNE=000000 - 50 - pA
XOTyHsg) | XOTUNE granularity - 1 5
ppm
XOTsyHsE) | XOTUNE frequency pulling 120 | 40 -
Capacitor bank
XOTpHse) | XOTUNE number of tuning bits - 6 - bit
XOTgynse) | XOTUNE setting time - - 0.1 ms
Note: For information about oscillator trimming refer to AN5165 “Development of RF hardware
using STM32WB microcontrollers”, available from www.st.com.
Low-speed external user clock generated from an external source
The low-speed external (LSE) clock can be supplied with a 32.768 kHz crystal resonator
oscillator. The information provided in this section is based on design simulation results
obtained with typical external components specified in Table 57. In the application, the
resonator and the load capacitors have to be placed as close as possible to the oscillator
pins to minimize output distortion and startup stabilization time.
Refer to the crystal resonator manufacturer for more details on the resonator characteristics
(frequency, package, accuracy).
Table 57. Low-speed external user clock characteristics(")
Symbol Parameter Conditions Min Typ Max Unit
LSEDRV[1:0] = 00 ) 250 )
Low drive capability
LSEDRV[1:0] = 01 ) 315 )
Medium low drive capability
lppse) | LSE current consumption nA
LSEDRV[1:0] = 10 ) 500 )
Medium high drive capability
LSEDRV[1:0] = 11 ) 630 )
High drive capability
LSEDRV[1:0] = 00 ) ) 0.50
Low drive capability ’
LSEDRV[1:0] = 01 ) ) 0.75
Medium low drive capability ’
Gmeritmax | Maximum critical crystal gy, HAIV
LSEDRV[1:0] = 10 ) ) 170
Medium high drive capability ’
LSEDRV[1:0] = 11 ) ) 270
High drive capability ’
tSU(LSE)(Z) Startup time VDD stabilized - 2 - S
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1. Guaranteed by design.

2. tgy(sk) is the startup time measured from the moment it is enabled (by software) until a stable 32 kHz oscillation is
reached. This value is measured for a standard crystal and it can vary significantly with the crystal manufacturer.

Note: For information on selecting the crystal refer to application note AN2867 “Oscillator design
guide for STM8S, STM8A and STM32 microcontrollers” available from www.st.com.

Figure 22. Typical application with a 32.768 kHz crystal

Resonator with integrated
capacitors
. Cu
o I :loscsz_m E -
: I : Drive
: : 32.768 kHz
—r» L | resonator programmable
amplifier
B ‘—I *
TN 5 D . 0SC32_0uT
CL2
MS30253V2
Note: No external resistors are required between OSC32_IN and OSC32_OUT, and it is forbidden
to add one.

In bypass mode the LSE oscillator is switched off and the input pin is a standard GPIO.

The external clock signal has to respect the 1/0O characteristics detailed in Section 6.3.17.
The recommend clock input waveform is shown in Figure 23.

Figure 23. Low-speed external clock source AC timing diagram

VLSEH

VLSEL

MS19215V2
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Table 58. Low-speed external user clock characteristics(" — Bypass mode

Symbol Parameter Conditions Min Typ Max Unit

User external clock
fLse_ext | source frequency - 212 | 32768 | 444 | kHz

OSC32_IN input pin

VLSEH | high level voltage ) 0-7 Voox i Vonx

V
OSC32_IN input pin
VLSEL | jow level voltage - Vss - 0.3 Vppy
tW(LSEH) OSC32_|N hlgh or } 250 i ) o
tw(LsEL) low time
Includes initial
foLse | Frequency tolerance accuracy, stability over -500 ) +500 ppm

temperature, aging and
frequency pulling

1. Guaranteed by design.

6.3.11 Internal clock source characteristics

The parameters given in Table 59 are derived from tests performed under ambient
temperature and supply voltage conditions summarized in Table 24: General operating
conditions. The provided curves are characterization results, not tested in production.

High-speed internal (HS116) RC oscillator

Table 59. HSI16 oscillator characteristics(!

Symbol Parameter Conditions Min Typ | Max | Unit
fHsi1e HSI16 Frequency Vpp=3.0V, Tp=30 °C | 15.88 - 16.08 | MHz
Trimming code is not
a multiple of 64 0.2 0.3 0.4
TRIM HSI16 user trimming step
Trimming code is a 4 6 8
multiple of 64
DuCy(HSI16)@ | Duty Cycle - 45 - 55 %
i ; Tp=0to85°C -1 - 1
Aromp(HSI16) HSI16 oscillator frequency drift over
temperature Ta= -40 t0 125 °C -2 - 15
Aypp(HSI16) | HSI16 oscillator frequency drift over Vpp | Vpp=1.62Vto 3.6V | -0.1 - 0.05
ts,(HS116)@ | HSI16 oscillator start-up time - - 08 | 1.2
V]
tetap(HSI16)?) | HSI16 oscillator stabilization time - - 3 5
Iop(HSI16)@) | HSI16 oscillator power consumption - - 155 | 190 | pA
1. Guaranteed by characterization results.
2. Guaranteed by design.
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Figure 24. HSI16 frequency vs. temperature
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Multi-speed internal (MSI) RC oscillator

Table 60. MSI oscillator characteristics!"

Symbol Parameter Conditions Min Typ Max | Unit
Range 0 98.7 100 101.3
Range 1 1974 | 200 |202.6
kHz
Range 2 394.8 400 |405.2
Range 3 789.6| 800 |8104
Range 4 0.987 1 1.013
Range 5 1.974 2 2.026
MSI mode
Range 6 3.948 4 4.052
Range 7 7.896 8 8.104
MHz
Range 8 15.79 16 16.21
Range 9 23.69 24 24.31
MSI frequency Range 10 31.58 32 32.42
after factory Range 11 47.38 | 48 |48.62
fusi calibration, done
at Vpp=3 V and Range 0 - 98.304 -
Ta=30°C Range 1 - [196.608| -
kHz
Range 2 - 393.216 -
Range 3 - 786.432 -
Range 4 - 1.016 -
PLLmode |Range 5 - 1.999 -
XTAL=
32.768 kHz | Range 6 - 3.998 -
Range 7 - 7.995 -
MHz
Range 8 - 15.991 -
Range 9 - 23.986 -
Range 10 - 32.014 -
Range 11 - 48.005 -
MSI oscillator Tp=-0t0 85°C -3.5 - 3
Aremp(MSI@) | frequency drift MSI mode o %
over temperature Tp=-401t0125°C -8 - 6
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Table 60. MSI oscillator characteristics() (continued)

Symbol Parameter Conditions Min Typ Max | Unit
Vop =
162 to36V | 12 i
Range 0 to 3 v 0.5
DD = - -
24 to3.6V 0.5
MS| oscillator Y%E;t sy | 25 )
; . 0 3.
Avpp(MS)@ g\?gf@”cy drift | MSImode |Range 4 to 7 v 0.7
DD =
(reference is 3 V) 2_E)1Dto 36V -0.8 - %
Vpp = 5 ]
1.62 to3.6V
Range 8 to 11 1
Vop = 1.6 -
24 to3.6V ’
AE Frequency Tp=-40t0 85 °C - 1 2
SAMPLING iatian i
2Y(6 variation in MSI mode
(MSI)FIT%N) Sampling mode(3) TA= -40to 125 °C - 2 4
For n.e.xt ) ) ) 3458
P_USB Period jitter for | PLL mode | transition
Jitter(MS1)®) | USB clock® Range 11 [For paired
i, - - - 3.916
transition
ns
For next ) ) ) 2
MT_USB Medium term jitter | PLL mode | transition
Jitter(MS1)® | for USB clock® |Range 11 [gqr paired
transition ) ) ) 1
cc jitter(Ms1)® |RMS oycle-to- g | e Range 11 ; ; 60 ;
cycle jitter ps
P jitter(MSI)® | RMS period jitter |PLL mode Range 11 - - 50 -
Range 0 - - 10 20
Range 1 - - 5 10
; Range 2 - - 4 8
tSU(MSI)(G) MSI oscnllator us
start-up time Range 3 _ _ 3 7
Range 4to 7 - - 3 6
Range 8 to 11 - - 25 6
o .
;0 % of final ) ) 0.25 05
requency
) |MSlI oscillator PLL mode |5 % of final ) )
tsTag(MSI) stabilization time |Range 11 | frequency 0.5 1.25 | ms
N .
1 % of final ) ) ) 25
frequency
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Table 60. MSI oscillator characteristics() (continued)

Symbol Parameter Conditions Min Typ Max | Unit
Range 0 - 0.6 1
Range 1 - 0.8 1.2
Range 2 - 1.2 1.7
Range 3 - 1.9 25
Range 4 - 4.7 6
Iop(MSI)® g/lo?/\l/eorscmator wotend Range S S R L A

consumption Range 6 - 11 15
Range 7 - 18.5 25
Range 8 - 62 80
Range 9 - 85 110
Range 10 - 110 130
Range 11 - 155 190

Guaranteed by characterization results.

This is a deviation for an individual part once the initial frequency has been measured.

1
2
3. Sampling mode means Low-power run/Low-power sleep modes with Temperature sensor disable.
4

Average period of MSI at 48 MHz is compared to a real 48 MHz clock over 28 cycles. It includes frequency tolerance + jitter
of MSI at 48 MHz clock.

o

Only accumulated jitter of MSI at 48 MHz is extracted over 28 cycles.

For next transition: min. and max. jitter of 2 consecutive frame of 28 cycles of the MSI at 48 MHz, for 1000 captures over

28 cycles.

For paired transitions: min. and max. jitter of 2 consecutive frame of 56 cycles of the MSI at 48 MHz, for 1000 captures over

56 cycles.

6. Guaranteed by design.
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Figure 25. Typical current consumption vs. MSI frequency

[IJ-A] —8—Range0to3 —e#—Rangedto7 Range 8 to 11
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128 16MHz
64
32 8MHz
16
8 1MHz
4
2
100KHz 800KHz
1
0.5
0.1 0.2 0.4 0.8 1.6 3.2 6.4 12.8 256 Freq
[MHz]
High-speed internal 48 MHz (HS148) RC oscillator
Table 61. HSI48 oscillator characteristics(!)

Symbol Parameter Conditions Min Typ Max | Unit
fHS|48 HSI48 frequency VDD =3.0V, TA= 30°C - 48 - MHz
TRIM HSI48 user trimming step - - 0.11@ | 0.18(@

USER TRIM Lo 3) 3) i
COVERAGE HSI48 user trimming coverage +32 steps +3 +3.5
DuCy(HSI48) |Duty cycle - 45(2) - 55()
. VDD =3.0Vto36V, _ _ 3) o
Accuracy of the HSI148 oscillator Ta=-15t085°C 3 /o
ACChsiag REL | OVer temperature
(factory calibrated) Vpp=1.65V1t0 36V, ) . +4.50)
Tpo=—40t0 125 °C -
- 3 3
HSI48 oscillator frequency drift Vpp=3Vto36V - 0.0254) | 0.05®)
Dypp(HSI48) | hV
with Vpp Vpp=1.65Vt03.6V - 0.05®) | 010
tsu(HS148) | HSI48 oscillator start-up time - - 2.5 62 us
Ipp(HSI48) | HSI48 oscillator power consumption - - 340 3801 MA
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Table 61. HSI48 oscillator characteristics(!) (continued)

Symbol Parameter Conditions Min Typ Max | Unit
. Next transition jitter ) _ @) )
Nr jitter Accumulated jitter on 28 cycles(4) $0.15
ns
. Paired transition jitter ) ) @) )
Pr jitter Accumulated jitter on 56 cycles(4) *0.25
1. Vpp =3V, Tp =-40to 125 °C unless otherwise specified.
2. Guaranteed by design.
3. Guaranteed by characterization results.
4. Jitter measurement are performed without clock source activated in parallel.
Figure 26. HSI48 frequency vs. temperature
%
6
4
2
0o ©
-2
-4
-6
-50 -30 -10 10 30 50 70 90 110 130
°C
Avg —O®—min —®&— max
MSv40989V1
Low-speed internal (LSI) RC oscillator
Table 62. LSI1 oscillator characteristics(")
Symbol Parameter Conditions Min | Typ | Max | Unit
Vpp=3.0V, T, =30°C 31.04| - |32.96
fisi LSI1 frequency kHz
Vpp=1.62t03.6V,Tp=-40t0125°C | 29.5 | - 34
tsy(LSI1 )(2) LSI1 oscillator start-up time - - 80 | 130
us
tsTag(LSI1)@ | LSI1 oscillator stabilization time | 5% of final frequency - [125] 180
Ipo(LSI)®@ LSI1 oscn!ator power ) ) 10| 180 | nA
consumption

1. Guaranteed by characterization results.

2. Guaranteed by design.
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Table 63. LSI2 oscillator characteristics(!

Symbol Parameter Conditions Min | Typ | Max | Unit
Vpp=3.0V,Tp,=30°C 216 | - | 442
fLsi LSI2 frequency kHz
Vpp=162t036V, Tp=-40t0125°C| 212 | - | 444
tsy(LSI2)@) | LSI2 oscillator start-up time - 07 | - | 35 | ms
Ip(LSI2)® LSI2 oscillator power ) ) 500 | 1180 | nA
DD consumption

1. Guaranteed by characterization results.

2. Guaranteed by design.

6.3.12 PLL characteristics
The parameters given in Table 64 are derived from tests performed under temperature and
Vpp supply voltage conditions summarized in Table 24: General operating conditions.
Table 64. PLL, PLLSAI1 characteristics(!)
Symbol Parameter Conditions Min Typ | Max | Unit
. PLL input clock(@) - 2.66 - 16 | MHz
PLLIN PLL input clock duty cycle - 45 - 55 %
Voltage scaling Range 1 2 - 64
feLL P ouT | PLL multiplier output clock P
- Voltage scaling Range 2 2 - 16
Voltage scaling Range 1 8 - 64
foLL a out | PLL multiplier output clock Q
- Voltage scaling Range 2 8 - 16
MHz
; Voltage scaling Range 1 8 - 64
PLL multiplier output clock R
PLLROUT Voltage scaling Range 2 8 - 16
Voltage scaling Range 1 96 - 344
fVCO ouT PLL VCO OUtpUt
- Voltage scaling Range 2 64 - 128
tLock PLL lock time - - 15 40 us
RMS cycle-to-cycle jitter - 40 -
Jitter System clock 64 MHz ps
RMS period jitter - 30 -
VCO freq = 96 MHz - 200 | 260
Ibp(PLL) |FEE PO’ consumption VCO freq = 192 MHz - | 300 | 380 | pA
on VDD
VCO freq = 344 MHz - 520 | 650

1. Guaranteed by design.

2. Take care of using the appropriate division factor M to obtain the specified PLL input clock values. The M factor is shared
between the two PLLs.
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6.3.13 Flash memory characteristics

Table 65. Flash memory characteristics(!)

Symbol Parameter Conditions Typ Max | Unit
torog 64-bit programming time - 81.7 90.8 us
. One row (64 double word) Normal programming 5.2 5.5
PIO9_TOW | programming time Fast programming 3.8 4.0
) One page (4 Kbytes) Normal programming 41.8 43.0 s
Pro9_Page | programming time Fast programming 30.4 31.0
terase | Page (4 Kbytes) erase time - 22.0 245
tvE Mass erase time - 221 25.0
Write mode 3.4 -
Ibp Average consumption from Vpp mA
Erase mode 3.4 -

1. Guaranteed by design.

Table 66. Flash memory endurance and data retention

Symbol Parameter Conditions Min( Unit
Nenp | Endurance Tp=-40to+105°C 10 kcycles
1 keycle® at T, = 85 °C 30
1 keycle® at T, = 105 °C 15
1 keyclel® at T, = 125 °C 7
tRET Data retention Years
10 keycles® at To = 55 °C 30
10 keycles® at T, = 85 °C 15
10 keycles® at T, = 105 °C 10

1. Guaranteed by characterization results.

2. Cycling performed over the whole temperature range.
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6.3.14 EMC characteristics

Susceptibility tests are performed on a sample basis during device characterization.

Functional EMS (electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports).

the device is stressed by two electromagnetic events until a failure occurs. The failure is

indicated by the LEDs:

o Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until
a functional disturbance occurs. This test is compliant with the IEC 61000-4-2 standard.

e FTB: ABurst of Fast Transient voltage (positive and negative) is applied to Vpp and
Vgg through a 100 pF capacitor, until a functional disturbance occurs. This test is
compliant with the IEC 61000-4-4 standard.

A device reset allows normal operation to be resumed.

The test results are given in Table 67. They are based on the EMS levels and classes
defined in AN1709 “EMC design guide for STM8, STM32 and Legacy MCUSs", available on
www.st.com.

Table 67. EMS characteristics

Symbol Parameter Conditions Level/Class

Vpp =3.3V, Ty =+25°C,
fHCLK =64 MHZ, 2B
conforming to IEC 61000-4-2

Vv Voltage limits to be applied on any 1/O pin
FESD | {0 induce a functional disturbance

Fast transient voltage burst limits to be Vpp =3.3V, Tp=+25°C,
Verrg | applied through 100 pF on Vpp and Vgs | fycLk = 64 MHz, 5A
pins to induce a functional disturbance conforming to IEC 61000-4-4

Designing hardened software to avoid noise problems

EMC characterization and optimization are performed at component level with a typical
application environment and simplified MCU software.

Good EMC performance is highly dependent on the user application and the software in
particular. Therefore it is recommended that the user applies EMC software optimization
and prequalification tests in relation with the EMC level requested for the application.

Software recommendations

The software flow must include the management of runaway conditions such as:
e  corrupted program counter

e unexpected reset

e critical data corruption (e.g. control registers)

3
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Prequalification trials

Most of the common failures (unexpected reset and program counter corruption) can be
reproduced by manually forcing a low state on the NRST pin or the Oscillator pins for
1 second.

To complete these trials, ESD stress can be applied directly on the device, over the range of
specification values. When unexpected behavior is detected, the software can be hardened
to prevent unrecoverable errors occurring (see application note AN1015).

Electromagnetic Interference (EMI)

The electromagnetic field emitted by the device are monitored while a simple application is
executed (toggling two LEDs through the I/O ports). This emission test is compliant with the
IEC 61967-2 standard, which specifies the test board and the pin loading.

Table 68. EMI characteristics

Peripheral ON
" Monitored SMPS OFF or ON .
Symbol | Parameter Conditions frequency band [fuse / fcpuma, fopumol Unit
32 MHz / 64 MHz, 32 MHz
0.1 MHz to 30 MHz 1
Vpp = 3.6V, Tp = 25 °C, 30 MHz to 130 MHz 4 dBuV
Semi Peak level |WLCSP100 package 130 MHz to 1 GHz -1
compliant with IEC 61967-2 1 GHz to 2 GHz 7
EMI level 1.5 -

6.3.15 Electrical sensitivity characteristics
Based on three different tests (ESD, LU) using specific measurement methods, the device is
stressed to determine its performance in terms of electrical sensitivity.
Electrostatic discharge (ESD)
Electrostatic discharges (a positive then a negative pulse separated by 1 second) are
applied to the pins of each sample according to each pin combination. The sample size
depends on the number of supply pins in the device (3 parts x (n+1) supply pins). This test
conforms to the ANSI/JEDEC standard.
Table 69. ESD absolute maximum ratings
Symbol Ratings Conditions Class | Maximum value( | Unit
Vv Electrostatic discharge voltage |Tp = +25 °C, conforming to 2 2000
ESD(HBM) | (human body model) ANSI/ESDA/JEDEC JS-001
\%
Vv Electrostatic discharge voltage | T = +25 °C, conforming to Cc2a? 5002
ESD(CDM) | (charge device model) ANSI/ESD STM5.3.1 JS-002 | 10 25003)

1. Guaranteed by characterization results.
2. UFQFPN48, VFQPN68 and WLCSP100 packages.
3. UFBGA129 package.
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Static latch-up

Two complementary static tests are required on six parts to assess the latch-up
performance:

e asupply overvoltage is applied to each power supply pin

e acurrentinjection is applied to each input, output and configurable 1/O pin.

These tests are compliant with EIA/JESD 78A IC latch-up standard.

Table 70. Electrical sensitivity

Symbol Parameter Conditions Class

LU Static latch-up class Tp = +105 °C conforming to JESD78A I

6.3.16 I/0 current injection characteristics

As a general rule, current injection to the 1/0 pins, due to external voltage below Vgg or
above Vpp (for standard, 3.3 V-capable 1/O pins) should be avoided during normal product
operation. However, in order to give an indication of the robustness of the microcontroller in
cases when abnormal injection accidentally happens, susceptibility tests are performed on a
sample basis during device characterization.

Functional susceptibility to I/O current injection

While a simple application is executed on the device, the device is stressed by injecting
current into the 1/0O pins programmed in floating input mode. While current is injected into
the 1/O pin, one at a time, the device is checked for functional failures.

The failure is indicated by an out of range parameter: ADC error above a certain limit (higher
than 5 LSB TUE), out of conventional limits of induced leakage current on adjacent pins (out
of the -5 pA/ 0 pA range) or other functional failure (for example reset occurrence or
oscillator frequency deviation).

The characterization results are given in Table 71.
Negative induced leakage current is caused by negative injection and positive induced
leakage current is caused by positive injection.

Table 71. 1/0 current injection susceptibility“)

Functional susceptibility
Symbol Description Negative Positive Unit
injection injection
Injected current on all pins except PBO, PB1 -5 N/AR)
lINJ mA
Injected current on PBO, PB1 pins -5 0
1. Guaranteed by characterization results.
2. Injection not possible.
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Electrical characteristics

STM32WB55xx STM32WB35xx

6.3.17 /0 port characteristics
General input/output characteristics
Unless otherwise specified, the parameters given in Table 72 are derived from tests
performed under the conditions summarized in Table 24: General operating conditions. All
I/Os are designed as CMOS- and TTL-compliant.
Table 72. 1/O static characteristics
Symbol Parameter Conditions Min Typ Max Unit
I/O input
low level voltage(") ) ) 0.3 xVop
Vi o input
low level voltage® 0.39xVpp - 0.06
\Y
I/0 input
v high level voltage(") |1.62V <Vpp<3.6V 0.7xVpp i i
IH
I/O input
high level voltage® 0.49xVpp+0.26 | - )
TT_xx, FT_xxx
Vhys |@nd NRST I/O - 200 - mV
input hysteresis
0< V|N < MaX(VDDxxx)(3) - - +100
FT xx mzigDDxxx; f1\/ {?‘(25)(3)(4) - - 650
input leakage current DDXXX
MaX(V ) +1V< V|N < 7
5 5 VBEE)E) - - 200
0< V|N < MaX(VDDxxx)(3) - - +150
I nA
lkg FT_lu, FT_u and Max(Vppxxx) < V|N(2$)(3) ) ) 2500
PC3 10 MaX(VDDxxx) +1V
input leakage current
MaX(V ) +1V< V|N <
5.5\ (NBXAE) - - 250
Vin < Max(Vppxoxox)©) - - +150
TT_xx Max(V J<v
[ ax(Vppxxx) < ViN <
input leakage current 36 V(?S) - - 2000
Weak pull-up _
Reu equivalent resistor(") VN =Vss 25 40 55 o
Weak pull-down _
Rep equivalent resistor(") Vin = Vop 25 40 55
Cio I/0 pin capacitance - - 5 - pF

Tested in production.

2. Guaranteed by design, not tested in production.

Represents the pad leakage of the I/O itself. The total product pad leakage is given by
Iotal_lleak_max = 10 HA + number of 1/Os where V) is applied on the pad X lixgmax)-

4. Max(Vppxxx) is the maximum value among all the I/O supplies.

VN must be lower than [Max(Vppxxx) + 3.6 V].

6. Referto Figure 27: I/O input characteristics.
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STM32WB55xx STM32WB35xx Electrical characteristics

7. To sustain a voltage higher than Min(Vpp, Vppa, Vppuss: Vicp) + 0.3V, the internal pull-up and pull-down resistors must
be disabled. All FT_xx 10 except FT_lu, FT_u and PC3.

8. Pull-up and pull-down resistors are designed with a true resistance in series with a switchable PMOS/NMOS, whose
contribution to the series resistance is minimal (~10%).

All I/Os are CMOS- and TTL-compliant (no software configuration required). Their
characteristics cover more than the strict CMOS-technology or TTL parameters, as shown

in Figure 27 .
Figure 27. 1/O input characteristics
Vil-Vih (all 10 except BOOTO)
3
25
TTL requirement Vih/min = 2V
2
oyes /
in = o y "
mun\\‘\h cmos vil spec 30%
@ Cimos real® —— cmos vih spec 70%
£1s getio” —— ttl vil spec ttl
S

red W i +0.26
Tes! .n;O.Ag*Vdd ——ttl vih spec ttl
on Vi o — "
4on sinula! —— datasheet Vil_rule
e
/ Bos —— datasheet Vi_rule
44008 | —

max=

AV
Gimulati®
gased 00
/ 0 3x\Vdd TTL requirement Vil min = 0.8V
/ qu\remgm\/‘\ max =0-

e
guction COS

0.5

Tested 1T

15 2 2.5 3 35

Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to +8 mA, and sink or
source up to £ 20 mA (with a relaxed Vg / Vgop)-

In the user application, the number of 1/O pins that can drive current must be limited to
respect the absolute maximum rating specified in Section 6.2.

e  The sum of the currents sourced by all the 1/Os on Vpp, plus the maximum
consumption of the MCU sourced on Vpp cannot exceed the absolute maximum rating
2lypp (see Table 20: Voltage characteristics).

e  The sum of the currents sunk by all the I/Os on Vgg, plus the maximum consumption of

the MCU sunk on Vgg, cannot exceed the absolute maximum rating XI55 (see
Table 20: Voltage characteristics).

Output voltage levels

Unless otherwise specified, the parameters given in the table below are derived from tests
performed under the ambient temperature and supply voltage conditions summarized in
Table 24: General operating conditions. All I/Os are CMOS- and TTL-compliant (FT or TT
unless otherwise specified).
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Electrical characteristics STM32WB55xx STM32WB35xx

Table 73. Output voltage characteristics(!)

Symbol Parameter Conditions Min Max | Unit
VOL(z) Output low level voltage for an I/0O pin | CMOS port(3) - 0.4
||IO| =8 mA
VOH(2) Output high level voltage for an 1/O pin Vpp 22.7V Vpp - 0.4 -
VoL® | Output low level voltage for an I/0 pin | TTL port(®) - 0.4
|I|O| =8 mA
Vou® | Output high level voltage for an 1/0 pin Vpp 227V 24 -
VoL® | Output low level voltage for an 1/0 pin lliol = 20 mA - 1.3
Vou® | Output high level voltage for an 1/0 pin Vop 227V Vpp-1.3 -
VoL® | Output low level voltage for an I/O pin lliol = 4 mA - 04 | Vv
Von'® | Output high level voltage for an I/O pin Vpp 21.62V Vpp-045| -
ol =20 mA )
Vpp227V 0.4
(2) | Output low level voltage foran FT I/O | [l;p| = 10 mA
VOLFM+ A . o . - 0.4
pin in FM+ mode (FT I/O with “f’ option) | Vpp 2 1.62 V
|I|O| =2mA _ 04
1.62V=Vpp21.08V '

1. The |, current sourced or sunk by the device must always respect the absolute maximum rating specified
in Table 20: Voltage characteristics, and the sum of the currents sourced or sunk by all the I/Os (I/O ports
and control pins) must always respect the absolute maximum ratings X |,g.

Guaranteed by design.
3. TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.

Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Table 74.

Unless otherwise specified, the parameters given are derived from tests performed under
the ambient temperature and supply voltage conditions summarized in Table 24: General
operating conditions.

Table 74. 1/0 AC characteristics(1(2)

Speed | Symbol Parameter Conditions Min | Max | Unit
C=50pF,2.7V<Vpps36V - 5
C=50pF,1.62V<Vpp=s2.7V - 1

Fmax | Maximum frequency MHz
C=10pF,2.7V<Vpp<3.6V - 10
00 C=10pF,1.62V<Vpps27V - 1.5
C=50pF, 2.7V <Vpps3.6V - 25
C=50pF,1.62V<Vpp=s27V - 52

Tr/Tf | Output rise and fall time ns
C=10pF,2.7V<Vpps36V - 17
C=10pF,1.62V<Vpp=s=<2.7V - 37

3
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Table 74. I/O AC characteristics(1)(2) (continued)

Speed | Symbol Parameter Conditions Min | Max | Unit
C=50pF,2.7V<Vpp<3.6V - 25
C=50pF, 1.62V<Vpp<<2.7V - 10
Fmax | Maximum frequency MHz
C=10pF,2.7V<Vpp<3.6V - 50
o C=10pF,1.62V<Vpp<27V - 15
C=50pF,2.7V<Vpp<36V - 9
C=50 pF,1.62V<Vpp=<27V - 16
Tr/Tf | Output rise and fall time ns
C=10pF,2.7V<Vpp<3.6V - 4.5
C=10pF,1.62V<Vpp<27V - 9
C=50pF,2.7V<Vpp<3.6V - 50
C=50pF, 1.62V <Vpp<27V - 25
Fmax | Maximum frequency MHz
C=10pF,2.7V<Vpp<36V - | 100@
10 C=10pF,1.62V<Vpp=s27V - 37.5
C=50pF,2.7V<Vpps36V - 5.8
C=50pF,1.62V<Vpp<27V - 11
Tr/Tf | Output rise and fall time ns
C=10pF,2.7V<Vpp<3.6V - 25
C=10pF,1.62V<Vpp<2.7V - 5
C=30pF, 2.7V <Vpp<3.6V - [ 1200
C=30pF,1.62V<Vpp=s27V - 50
Fmax | Maximum frequency 3 MHz
C=10pF, 2.7V <Vpp<3.6V - | 180
C=10pF,1.62V<Vpp<27V | - | 750
11
C=30pF,2.7V<Vpp<3.6V - 3.3
C=30pF,1.62V<Vpp<2.7V - 6
Tr/Tf | Output rise and fall time ns
C=10pF,2.7V<Vpp<36V - 1.7
C=10pF,1.62V<Vpp=s27V - 3.3

1. The maximum frequency is defined with (T,+ T;) < 2/3 T, and Duty cycle comprised between 45 and 55%.

2. The fall and rise time are defined, respectively, between 90 and 10%, and between 10 and 90% of the
output waveform.

3. This value represents the 1/O capability but the maximum system frequency is limited to 64 MHz.

NRST pin characteristics

The NRST pin input driver uses the CMOS technology. It is connected to a permanent

pull-up resistor, Rpy.

Unless otherwise specified, the parameters given in the table below are derived from tests
performed under the ambient temperature and supply voltage conditions summarized in
Table 24: General operating conditions.
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Table 75. NRST pin characteristics("

Symbol Parameter Conditions Min Typ Max Unit
VIL(NRST) ::VRV?;VEF):;”aQe - - - 0.3 x Vpp .
VIHNRST) Eisr?r-eLr:a?L:/i)Itage i 0.7xVpp | - -
Vhys(NRST) \l;l;thi;'eSﬁ;;l:g:;;i%ger - - 200 - mV
Rpu \é\éi?\ll(arl)::t- Lrjgsistor(z) ViN=Vss 25 40 95 kQ
VANRST) | itered puise : S
ns
VNF(NRST) :gigfg;gulse 1.71V<Vpp < 3.6 V 350 ; ;

1. Guaranteed by design.

2. The pull-up is designed with a true resistance in series with a switchable PMOS. This PMOS contribution to
the series resistance is minimal (~10%).

Figure 28. Recommended NRST pin protection

External
reset circuit”

VDD

NRST® Internal reset
— Fiter | ——————

L

_LOJ uF

......... MS19878V3

The reset network protects the device against parasitic resets.

2. The user must ensure that the level on the NRST pin can go below the V| (yrsT) max level specified in
Table 75, otherwise the reset will not be taken into account by the device.

3. The external capacitor on NRST must be placed as close as possible to the device.

3
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6.3.19

3

Analog switches booster

Table 76. Analog switches booster characteristics(!

Symbol Parameter Min Typ Max Unit
Vb Supply voltage 1.62 - 3.6 \Y
tsuwoosT) | Booster startup time - - 240 us
Booster consumption for ) ) 250
162V<sVpps20V
Booster consumption for
| - - 500 A
DD(BOOST) 20V <Vpp<2.7V W
Booster consumption for ) ) 900
27V<Vpps36V
1. Guaranteed by design.
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6.3.20 Analog-to-Digital converter characteristics
Unless otherwise specified, the parameters given in Table 77 are preliminary values derived
from tests performed under ambient temperature, fpc| k frequency and Vppp supply voltage
conditions summarized in Table 24: General operating conditions.
Note: It is recommended to perform a calibration after each power-up.
Table 77. ADC characteristics(!) (2) 3)
Symbol Parameter Conditions Min Typ Max Unit
Vppa Analog supply voltage - 1.62 - 3.6 \%
v Positive reference Vpopaz2V 2 - Vbpa v
REF+
voltage VDDA <2V VDDA \Vj
Negative reference
VREF- voltage - Vssa \
Range 1 0.14 - 64
fapc ADC clock frequency MHz
Range 2 0.14 - 16
Resolution = 12 bits - - 4.26
Sampling rate Resolution = 10 bits - - 4.92
for FAST channels Resolution = 8 bits - - 5.81
Resolution = 6 bits - - 7.1
fs Msps
Resolution = 12 bits - - 3.36
Sampling rate Resolution = 10 bits - - 4.00
for SLOW channels Resolution = 8 bits - - 4.57
Resolution = 6 bits - - 7.1
. fADC =64 MHz
f External trigger Resolution = 12 bits ] ] 4.26 MHz
TRIG frequency
Resolution = 12 bits - - 15 1fapc
(VRer++ (Veers+ (VRer+*
VeMIN Input common mode Differential mode VRer)/2 | RE§7 o | VRer.)/2 \
-0.18 REF- +0.18
@) Conversion voltage ) )
VaiN range(2) 0 VREF+ v
External input
RaN impedance ) ) ) 50 kQ
Internal sample and hold
Canc capacitor ) ) 5 ) pF
. Conversion
tSTAB Power-up time - 1 cycle
fanc = 64 MHz 1.8125 us
tcaL Calibration time
- 116 1/ fapc
140/193 DS11929 Rev 11 1S7]
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Table 77. ADC characteristics(!) (2) (®) (continued)

Symbol Parameter Conditions Min Typ Max Unit
CKMODE = 00 1.5 2 25
Trigger conversion
¢ latency Regular and CKMODE = 01 - - 2.0 1
LATR injected channels CKMODE = 10 - - 2.25 ADC
without conversion abort
CKMODE = 11 - - 2.125
CKMODE = 00 25 3 3.5
Trigger conversion
¢ latency Injected CKMODE = 01 - - 3.0 1
LATRINJ | channels aborting a CKMODE = 10 - - 3.05 ADC
regular conversion
CKMODE = 11 - - 3.125
fapc = 64 MHz 0.039 - 10.0 us
ts Sampling time
- 25 - 640.5 1/fapc
ADC voltage regulator
tADCVREG_STUP start-up time - - - 20 s
fADC =64 MHz
o . 0.234 - 1.019 us
Total conversion time Resolution = 12 bits
teonw (including sampling time) . . t, + 12.5 cycles for successive
Resolution = 12 bits approximations = 15 to 653 Viac
fs = 4.26 Msps - 730 830
ADC consumption from _
Ippa(ADC) the Vppa supply fs =1 Msps - 160 220 MA
fs = 10 ksps - 16 50
ADC consumption from fs = 4.26 Msps - 130 160
lppv_s(ADC) |the VRer. single ended | fs =1 Msps - 30 40 pA
mode fs = 10 ksps - 06 2
ADC consumption from fs = 4.26 Msps i 250 310
lopv p(ADC) | the Vrek. differential fs =1 Msps - 60 70 HA
mode fs = 10 ksps - 1.3 3

Guaranteed by design

2. The I/O analog switch voltage booster is enabled when Vppp < 2.4 V (BOOSTEN = 1 in the SYSCFG_CFGR1 when
Vppa < 2.4V). It is disable when Vppp 22.4 V.

SMPS in bypass mode.

4. VRgf+ can be internally connected to Vppa and Vgeg. can be internally connected to Vgga, depending on the package.
Re%r to Section 4: Pinouts and pin description for further details.

3

DS11929 Rev 11

141/193

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Electrical characteristics STM32WB55xx STM32WB35xx

Table 78. ADC sampling time((

Fast channel Slow channel
Resolution RAIN
(bits) (kQ) Minimum sampling | Sampling | Minimum sampling | Sampling
time (ns) cycles time (ns) cycles
0 33 6.5 57 6.5
0.05 37 6.5 62 6.5
0.1 42 6.5 67 6.5
0.2 51 6.5 76 6.5
0.5 78 6.5 104 12.5
12 1 123 12.5 151 12.5
5 482 47.5 526 47.5
10 931 92.5 994 92.5
20 1830 2475 1932 2475
50 4527 640.5 4744 640.5
100 9021 640.5 9430 640.5
0 27 25 47 6.5
0.05 30 25 51 6.5
0.1 34 6.5 55 6.5
0.2 41 6.5 62 6.5
0.5 64 6.5 85 6.5
10 1 100 12.5 124 12.5
5 395 47.5 431 47.5
10 763 92.5 816 92.5
20 1500 2475 1584 2475
50 3709 640.5 3891 640.5
100 7391 640.5 7734 640.5
0 21 25 37 25
0.05 24 25 40 6.5
0.1 27 25 43 6.5
0.2 32 6.5 49 6.5
0.5 50 6.5 67 6.5
8 1 78 6.5 97 6.5
5 308 47.5 337 245
10 595 92.5 637 47.5
20 1169 2475 1237 92.5
50 2891 2475 3037 2475
100 5762 640.5 6038 640.5
Lys
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STM32WB55xx STM32WB35xx Electrical characteristics

Table 78. ADC sampling time{"(?) (continued)

Fast channel Slow channel
Resolution RAIN
(bits) (kQ) Minimum sampling | Sampling | Minimum sampling | Sampling
time (ns) cycles time (ns) cycles

0 15 25 26 25

0.05 17 25 28 25

0.1 19 25 31 25

0.2 23 25 35 25

0.5 36 6.5 48 6.5

6 1 56 6.5 69 6.5

5 221 245 242 245

10 427 47.5 458 47.5

20 839 92.5 890 92.5
50 2074 2475 2184 2475
100 4133 640.5 4342 640.5

1. Guaranteed by design.
2. Vpp=1.62V, Cpep, = 4.7 pF, 125 °C, booster enabled.
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Electrical characteristics

STM32WB55xx STM32WB35xx

Table 79. ADC accuracy - Limited test conditions 1(1(2(3)

Symbol | Parameter Conditions® Min | Typ | Max | Unit
Single Fast channel (max speed) - 4 5
- Tota(lj. g ended Slow channel (max speed) - 4 5
unadjuste
error ) . Fast channel (max speed) - 35| 45
Differential
Slow channel (max speed) - 35 | 45
Single Fast channel (max speed) - 1 2.5
o oft ended Slow channel (max speed) - 1 25
set error
Fast channel (max speed) - 15 | 25
Differential
Slow channel (max speed) - 15 | 25
Single Fast channel (max speed) - 25 | 45
ended Slow channel (max speed) - 25| 45
EG Gain error LSB
Fast channel (max speed) - 25| 35
Differential
Slow channel (max speed) - 25 | 35
N Single Fast channel (max speed) - 1 1.5
. . (2]
£D :I)lfferentlal E S = ended Slow channel (max speed) - 1 1.5
inearity © =
vi © ™ Fast channel (max speed) - 1 1.2
error >3 ", © |Differential
Swv hw Slow channel (max speed) - 1 1.2
S x N
g ‘% i <')': Single Fast channel (max speed) - 15 | 25
€ =
EL llntegral 3 2 é ended Slow channel (max speed) - 15| 25
inearity o a
S E > Fast channel (max speed) - 1 2
error oS . .
] n Differential
< Slow channel (max speed) - 1 2
Single Fast channel (max speed) | 104 | 10.5 | -
Effective ended Slow channel (max speed) | 10.4 | 10.5| -
ENOB | number of bits
bits Fast channel (max speed) |10.8 |10.9| -
Differential
Slow channel (max speed) | 10.8 | 10.9 -
Signal-to Single Fast channel (max speed) | 64.4 | 65 -
noise and ended Slow channel (max speed) |64.4 | 65 | -
SINAD . )
distortion Fast channel (max speed) |66.8 |67.4 | -
ratio Differential
Slow channel (max speed) | 66.8 | 67.4 - 4B
Single Fast channel (max speed) 65 66 -
SNR Signal-to- ended Slow channel (max speed) 65 | 66 -
noise ratio Fast channel (max speed) 67 | 68 -
Differential
Slow channel (max speed) 67 68 -
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STM32WB55xx STM32WB35xx Electrical characteristics

Table 79. ADC accuracy - Limited test conditions 1(12)E) (continued)

Symbol | Parameter Conditions(® Min | Typ | Max | Unit
N
g 7] Fast channel (max speed) - -74 | -73
Qo .
< @ o Single
S ==
Vi © © ended
Total 2 g "o Slow channel (max speed) - -74 | -73
ota I T
THD  [harmonic | § g >E‘é§ dB
distortion 2 g s Fast channel (max speed) - | -79 | -76
X C <
S & b Differential
T £ >
8 3 Slow channel (max speed) - -79 | -76
<

Guaranteed by design.
2. ADC DC accuracy values are measured after internal calibration.

ADC accuracy vs. negative Injection Current: Injecting negative current on any analog input pins should be avoided as this
significantly reduces the accuracy of the conversion being performed on another analog input. It is recommended to add a
Schottky diode (pin to ground) to analog pins which may potentially inject negative current.

4. The I/O analog switch voltage booster is enable when Vppa < 2.4 V (BOOSTEN = 1 in the SYSCFG_CFGR1 when
Vppa < 2.4 V). It is disable when Vppa = 2.4 V. No oversampling.
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Electrical characteristics STM32WB55xx STM32WB35xx

Table 80. ADC accuracy - Limited test conditions 2(1(2)(3)

Symbol | Parameter Conditions® Min | Typ | Max | Unit
Single Fast channel (max speed) - 4 | 65
Total ended Slow channel (max speed) - 4 | 65
ET unadjusted
error Fast channel (max speed) - 35| 55
Differential
Slow channel (max speed) - 35 | 55
Single Fast channel (max speed) - 1 4.5
ended Slow channel (max speed) - 1 5
EO Offset error
Fast channel (max speed) - 1.5 3
Differential
Slow channel (max speed) - 15 3
Single Fast channel (max speed) - 25| 6
ended Slow channel (max speed) - | 25| 6
EG Gain error LSB
Fast channel (max speed) - 25| 35
Differential
Slow channel (max speed) - 25 | 35
N w_ Single Fast channel (max speed) - 1 1.5
Differential = 2 ended Slow channel (max speed) - 1 1.5
ED linearity 3 = ( ) y y
VI © Fast channel (max speed - 2
error >3 > © |Differential
S v ‘/:I‘ 0 Slow channel (max speed) - 1 1.2
o}
g *g é <')': Single Fast channel (max speed) - 1.5 | 3.5
= =
Integral 3 g = ended Slow channel (max speed) - 15 | 3.5
EL linearity Koy
error © % Fast channel (max speed) - 1 3
8 n Differential
< Slow channel (max speed) - 1 2.5
Single Fast channel (max speed) 10 | 105 -
Effective ended Slow channel (max speed) 10 | 105 -
ENOB | number of bits
bits Fast channel (max speed) 10.7 | 109 | -
Differential
Slow channel (max speed) 10.7 | 10.9 -
Single Fast channel (max speed) 62 | 65 -
Signal-to- ded
SINAD | Moise and ende Slow channel (max speed) | 62 | 65 | -
distortion Fast channel (max speed) 66 | 674 | -
ratio Differential
Slow channel (max speed) 66 | 67.4 - 4B
Single Fast channel (max speed) 64 66 -
SNR Signal-to- ended Slow channel (max speed) 64 | 66 -
noise ratio Fast channel (max speed) | 66.5| 68 -
Differential
Slow channel (max speed) | 66.5| 68 -
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STM32WB55xx STM32WB35xx

Electrical characteristics

Table 80. ADC accuracy - Limited test conditions 2(0()3) (continued)

Symbol | Parameter Conditions(® Min | Typ | Max | Unit
N
% @ Fast channel (max speed) - -74 | -65
Q .
5 2 Single
v o ended
>N >0 Slow channel (max speed) - -74 | -67
Total 2 ;’; N
THD | harmonic S oL dB
distortion 2 g >8 < Fast channel (max speed) - | =79 | -70
x &
33 Differential
o £
8 3 Slow channel (max speed) - -79 | -71
<

Guaranteed by design.

2. ADC DC accuracy values are measured after internal calibration.

ADC accuracy vs. negative Injection Current: Injecting negative current on any analog input pins should be avoided as this
significantly reduces the accuracy of the conversion being performed on another analog input. It is recommended to add a
Schottky diode (pin to ground) to analog pins which may potentially inject negative current.

4. The I/O analog switch voltage booster is enable when Vppa < 2.4 V (BOOSTEN = 1 in the SYSCFG_CFGR1 when
Vppa < 2.4 V). It is disable when Vppa = 2.4 V. No oversampling.

3
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Electrical characteristics

STM32WB55xx STM32WB35xx

Table 81. ADC accuracy - Limited test conditions 3(1(2(3)

Symbol | Parameter Conditions® Min | Typ | Max | Unit
Single Fast channel (max speed) - 55 | 7.5
Total ended Slow channel (max speed) - | 45| 65
ET unadjusted
error Fast channel (max speed) - 45 | 75
Differential
Slow channel (max speed) - 45 | 55
Single Fast channel (max speed) - 2 5
ended Slow channel (max speed) - | 25| 5
EO Offset error
Fast channel (max speed) - 2 3.5
Differential
Slow channel (max speed) - 2.5 3
Single Fast channel (max speed) - |45 7
ended Slow channel (max speed) - 35| 6
EG Gain error LSB
Fast channel (max speed) - 3.5 4
Differential
Slow channel (max speed) - 3.5 5
N - = Single Fast channel (max speed) - 12 | 15
. . (o]
Differential | = 2 4 > ended Slow channel (max speed) - 12 | 15
ED linearity =S w > ( ) .
vi © Fast channel (max speed - 2
error P E © |Differential
Sw>2 Slow channel (max speed) - 1 1.2
S N =
g ‘% <8< § Single Fast channel (max speed) - 3 3.5
Integral 3 £ > 3 |ended Slow channel (max speed) - | 25| 35
EL linearity S a V8
error 8 g u>_, S . . Fast channel (max speed) - 2 25
an e Differential
< - Slow channel (max speed) - 2 2.5
Single Fast channel (max speed) 10 (104 -
Effective ended Slow channel (max speed) | 10 |10.4 | -
ENOB | number of bits
bits Fast channel (max speed) | 10.6|10.7 | -
Differential
Slow channel (max speed) | 10.6 | 10.7 -
Single Fast channel (max speed) 62 | 64 -
Signal-to- ded
SINAD | nOiSe and ende Slow channel (max speed) | 62 | 64 | -
distortion Fast channel (max speed) 65 | 66 -
ratio Differential
Slow channel (max speed) 65 | 66 - 4B
Single Fast channel (max speed) 63 65 -
SNR Signal-to- ended Slow channel (max speed) 63 | 65 -
noise ratio Fast channel (max speed) 66 | 67 -
Differential
Slow channel (max speed) 66 67 -
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STM32WB55xx STM32WB35xx

Electrical characteristics

Table 81. ADC accuracy - Limited test conditions 3(MRE) (continued)

Symbol | Parameter Conditions® Min | Typ | Max | Unit
N>
) Fast channel (max speed) - -69 | -67
Qo .
o M Single
Isv S 9
v © ¢ & |ended
Total 2 g oo Slow channel (max speed) - -71 | -67
ota c > o
THD  |harmonic | S o n £ dB
distortion g2 g ® Fast channel (max speed) - |72 | T
2> %
© & VI & |Differential
C E >0
Q SS9~ Slow channel (max speed) - | 72| -1
< -

Guaranteed by design.

2. ADC DC accuracy values are measured after internal calibration.

ADC accuracy vs. negative Injection Current: Injecting negative current on any analog input pins should be avoided as this
significantly reduces the accuracy of the conversion being performed on another analog input. It is recommended to add a
Schottky diode (pin to ground) to analog pins which may potentially inject negative current.

4. The I/O analog switch voltage booster is enable when Vppa < 2.4 V (BOOSTEN = 1 in the SYSCFG_CFGR1 when
Vppa < 2.4 V). It is disable when Vppa = 2.4 V. No oversampling.

3
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Electrical characteristics

STM32WB55xx STM32WB35xx

Table 82. ADC accuracy - Limited test conditions 4(1(2)(3)

Symbol Parameter Conditions® Min | Typ | Max | Unit
Single Fast channel (max speed) - 5 | 54
Total ended Slow channel (max speed) - 4 5
ET unadjusted
error ] . Fast channel (max speed) - 4 5
Differential
Slow channel (max speed) - 35 | 45
Single Fast channel (max speed) - 2 4
ended Slow channel (max speed) - 2 4
EO Offset error
Fast channel (max speed) - 2 3.5
Differential
Slow channel (max speed) - 2 3.5
Single Fast channel (max speed) - 4 | 45
ended Slow channel (max speed) - 4 | 45
EG Gain error LSB
Fast channel (max speed) - 3 4
Differential
Slow channel (max speed) - 3 4
N Z’ Single Fast channel (max speed) - 1 1.5
Differential = o % ended Slow channel (max speed) - 1 1.5
ED linearity 2 Y5
error VI L& ] ) Fast channel (max speed) - 1 1.2
U Differential
s> 2 Slow channel (max speed) - 1 1.2
g =
g “E( § Single Fast channel (max speed) - 25 3
Integral % = & |ended Slow channel (max speed) - | 25| 3
EL linearity g3 ( )
> Fast channel (max speed - 2 25
error Qw Z | Differential
< < Slow channel (max speed) - 2 2.5
Single Fast channel (max speed) | 10.2 | 10.5| -
Effective ended Slow channel (max speed) | 10.2|10.5| -
ENOB number of bits
bits Fast channel (max speed) | 10.6 [ 10.7 | -
Differential
Slow channel (max speed) | 10.6 | 10.7 -
Signal-to Single Fast channel (max speed) 63 | 65 -
noise and ended Slow channel (max speed) | 63 | 65 | -
SINAD : )
distortion Fast channel (max speed) 65 | 66 -
ratio Differential
Slow channel (max speed) 65 | 66 - dB
Single Fast channel (max speed) 64 65 -
SNR Signal-to- ended Slow channel (max speed) 64 | 65 -
noise ratio Fast channel (max speed) 66 | 67 -
Differential
Slow channel (max speed) 66 67 -
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STM32WB55xx STM32WB35xx Electrical characteristics

Table 82. ADC accuracy - Limited test conditions 4M(2)3) (continued)

Symbol | Parameter Conditions® Min | Typ | Max | Unit
N >
% © o Fast channel (max speed) - -71 | -69
° w o Single
‘\; roc ended
> © Slow channel (max speed) - -71 | -69
Total Q 0>f o
THD  |harmonic ST = dB
distortion § é‘ ? Fast channel (max speed) - |73 | 72
>0 |
Swv & Differential
[&] > O
8 10 = Slow channel (max speed) - =73 | -72
< <

Guaranteed by design.
2. ADC DC accuracy values are measured after internal calibration.

ADC accuracy vs. negative Injection Current: Injecting negative current on any analog input pins should be avoided as this
significantly reduces the accuracy of the conversion being performed on another analog input. It is recommended to add a
Schottky diode (pin to ground) to analog pins that may potentially inject negative current.

4. The I/O analog switch voltage booster is enabled when Vppp < 2.4 V (BOOSTEN = 1 in the SYSCFG_CFGR1 when
Vppa < 2.4 V). Itis disabled when Vppp 2 2.4 V. No oversampling.

Figure 29. ADC accuracy characteristics

Output code

(1) Example of an actual transfer curve
(2) Ideal transfer curve
(3) End-point correlation line

21
22

23 n = ADC resolution

E, = total unajusted error: maximum deviation
between the actual and ideal transfer curves

E, = offset error: maximum deviation between the
first actual transition and the first ideal one

E; = gain error: deviation between the last ideal
transition and the last actual one

E, = differential linearity error: maximum deviation
between actual steps and the ideal one

E, =integral linearity error: maximum deviation
between any actual transition and the end point
correlation line

- N W A~ O o N

V,

(orV,

REF+ DDA)

MS19880V4
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Electrical characteristics STM32WB55xx STM32WB35xx

Figure 30. Typical connection diagram using the ADC

VDDA
\% Sample and hold ADC converter
Ran'" R
AIN . AINx - . ADC 12-bit

L

L
@

| S|
converter
@ Cparasitic Zg VT Ilkg ® CADC

==
=

MS33900V5

Refer to Table 77: ADC characteristics for the values of RN, Rapc and Capc.

2. Cparasitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the
pad capacitance (refer to Table 72: I/O static characteristics for the value of the pad capacitance). A high
Cparasitic value will downgrade conversion accuracy. To remedy this, fapc should be reduced.

3. Refer to Table 72: I/O static characteristics for the values of Ilkg.

General PCB design guidelines

Power supply decoupling has to be performed as shown in Figure 16: Power supply scheme
(all packages except UFBGA129 and WLCSP100). The 10 nF capacitor needs to be
ceramic (good quality), placed as close as possible to the chip.

6.3.21 Voltage reference buffer characteristics

Table 83. VREFBUF characteristics("

Symbol Parameter Conditions Min Typ Max Unit
Vrg =0 2.4 - 3.6
Normal mode RS
Analog supply VRs = 2.8 - 3.6
VboA | yoltage
9 Vrs=0 1.65 - 2.4
Degraded mode(®
Vrg =1 1.65 - 2.8 v
Vrg=0 2.046 2.048 2.049
Normal mode
Vrersue | Voltage Vrg =1 2.498 25 2.502
ouT reference output @) Vgg =0 Vppa-150 mV - Vppa
Degraded mode
VRS =1 VDDA-150 mV - VDDA
TRIM | 1M step - - - $0.05 | 0.1 %
resolution
CL Load capacitor - - 0.5 1 1.5 uF
Equivalent
esr series resistor - - - - 2 Q
of CIoad
Static load
lload current ) ) ) ) 4 mA
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Electrical characteristics

Table 83. VREFBUF characteristics(!) (continued)

Symbol Parameter Conditions Min Typ Max Unit
lioaq = 500 pA - 200 1000
line_reg | Line regulation 2.8V <Vpppr<3.6V ppm/V
~ load = 4 MA - 100 | 500
lioad_reg |Load regulation |500 PA < ljp5q <4 mA | Normal mode - 50 500 | ppm/mA
Tcoeff_
-40°C<Ty<+125°C - - vrefint +
Temperature 50 R
Teoeff | coefficient T ppm/“C
coeff_
0°C< TJ <+50°C - - vrefint +
50
DC 40 60 -
pSRR | Power supply 4B
rejection 100 kHz 25 40 -
CL=0.5pF® - 300 350
tstarT | Start-uptime  |CL=1.1 pF®) - 500 650 us
CL=1.5puF® - 650 800
Control of
maximum DC
| current drive on ) ) ) 8 ) mA
INRUSH | VREFBUF_OUT
during start-up
phase )
| VREFBUF lioad = 0 MA - 16 25
DDA ; = j
(VREFBUF) ;;rcc))rr;sli/mptlon lioag = 500 pA 18 30 HA
DDA loag = 4 MA - 35 50

Guaranteed by design, unless otherwise specified.

2. In degraded mode the voltage reference buffer cannot maintain accurately the output voltage that will follow (Vppp - drop

voltage).

The capacitive load must include a 100 nF capacitor in order to cut-off the high frequency noise.

4. To correctly control the VREFBUF in-rush current during start-up phase and scaling change, the Vppp voltage must be in
the range [2.4 V to 3.6 V] and [2.8 V to 3.6 V] respectively for Vgrg = 0 and Vrg = 1.
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Electrical characteristics STM32WB55xx STM32WB35xx

6.3.22 Comparator characteristics
Table 84. COMP characteristics(?)
Symbol Parameter Conditions Min | Typ | Max | Unit
Vppa Analog supply voltage - 1.62 - 3.6
Comparator
ViN input voltage range ) 0 - |Vooa| V
Vgg® Scaler input voltage - VREFINT
Vsc Scaler offset voltage - - +5 +10 | mV
Scaler static consumption | BRG_EN=0 (bridge disable) - 200 | 300 | nA
IppA(SCALER) | 2%, P :
om Vppa BRG_EN=1 (bridge enable) - 0.8 1 MA
tsTART scALER |Scaler startup time - - 100 | 200 | ps
High-speed | VDDA Z22.7V - - 5
mode Vppa <27V - - 7
Comparator startup time DDA = =
tsTART to reach propagation Vppaz 2.7V - - 15 [V
ificati Medium mode
delay specification Voon < 2.7V _ _ 25
Ultra-low-power mode - - 40
High-speed | VDDA Z 2.7V - 55 | 80 ,
3 Propagation delay with mode Vbpa<2.7V - 55 | 100
P 100 mV overdrive Medium mode - |os5| 09
bs
Ultra-low-power mode - 4 7
Voffset Comparator offset error Full common mode range - 15 20 | mV
No hysteresis - 0 -
Low hysteresis - 8 -
Vhys Comparator hysteresis mV
Medium hysteresis - 15 -
High hysteresis - 27 -
Static - 400 | 600
Ultra-low-
power mode | With 50 kHzx100mv | | | | DA
overdrive square signal
c Med Static - 5 7
omparator consumption edium
IopA(COMP) | ¢ om Voo mode With 50 kHz £100 mV i 5 )
overdrive square signal A
¥
Static - 70 100
High-speed
mode With 50 kHz +100 mV ) 75 )
overdrive square signal

1. Guaranteed by design, unless otherwise specified.

2. Referto Table 36: Embedded internal voltage reference.

3. Guaranteed by characterization results.
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Electrical characteristics

6.3.23 Temperature sensor characteristics
Table 85. TS characteristics
Symbol Parameter Min Typ Max Unit
.M Vg linearity with temperature - 11 12 °C
Avg_SIope(z) Average slope 2.3 25 2.7 mV/°C
V3o Voltage at 30 °C (+5 °C)®) 0.742 0.76 0.785 v
tsTART Up time i - @) i
(TS_BUF)" Sensor buffer start-up time in continuous mode 8 15 us
tstarT!" Start-up time when entering in continuous mode(*) - 70 120 us
ts_temp' " ADC sampling time when reading the temperature 5 - - us
Temperature sensor consumption from Vpp, when
(O] DD -
lop(TS) selected by ADC a7 7 WA

1. Guaranteed by design.

2. Guaranteed by characterization results.

Measured at Vppa = 3.0 V £10 mV. The V33 ADC conversion result is stored in the TS_CAL1 byte. Refer to Table 11:
Temperature sensor calibration values.

4. Continuous mode means Run/Sleep modes, or temperature sensor enable in Low-power run/Low-power sleep modes.

6.3.24

Vgar monitoring characteristics

Table 86. Vgar monitoring characteristics(!)

Symbol Parameter Min Typ Max Unit
R Resistor bridge for Vgar - 3x39 - kQ
Q Ratio on Vgat measurement - 3 - -
Er@) Erroron Q -10 - 10 %
tS_Vbat(2) ADC sampling time when reading Vgar 12 - - us
1. 1.55<Vgar <3.6 V.
2. Guaranteed by design.
Table 87. Vgt charging characteristics
Symbol Parameter | Conditions Min Typ Max Unit
Battery VBRS =0 - 5 -
Rec charging kQ
resistor VBRS =1 - 1.5 -
DS11929 Rev 11 155/193
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6.3.25 SMPS step-down converter characteristics

The SMPS step-down converter characteristic are given at 4 MHz clock, with a 20 mA load
(unless otherwise specified), using a 10 yH inductor and a 4.7 uF capacitor.

6.3.26 LCD controller characteristics

The STM32WB55xx devices embed a built-in step-up converter to provide a constant LCD
reference voltage independently from the Vpp voltage. An external capacitor Cg,; must be
connected to the VLCD pin to decouple this converter.

Table 88. LCD controller characteristics!"

Symbol Parameter Conditions Min Typ Max Unit

Vicp LCD external voltage - - 3.6

Vicoo LCD internal reference voltage 0 - 2.62 -

Vi cp1 LCD internal reference voltage 1 - 2.76 -

Vi cp2 LCD internal reference voltage 2 - 2.89 -

V| cp3 LCD internal reference voltage 3 - 3.04 - \Y

V| cpa LCD internal reference voltage 4 - 3.19 -

Vi cps LCD internal reference voltage 5 - 3.32 -

V| cps LCD internal reference voltage 6 - 3.46 -

V| cp7 LCD internal reference voltage 7 - 3.62 -

Buffer OFF 0.2 ) 2
(BUFEN=0 is LCD_CR register) '
Cext V| cp external capacitance uF
Buffer ON 1 ) 2
(BUFEN=1 is LCD_CR register)
Supply current from Vpp at | Buffer OFF ) 3 )
@) Vpp=2.2V (BUFEN=0 is LCD_CR register)

ILcp HA
Supply current from Vpp at | Buffer OFF ) 15 )
Vpp=3.0V (BUFEN=0 is LCD_CR register) '

Buffer OFF ) 05 )

(BUFFEN =0, PON = 0) '

Buffer ON ) 06 )
| Supply current from V cp | (BUFFEN =1, 1/2 Bias) ' A
VLCD - [(Viep =3 V) Buffer ON 08

(BUFFEN = 1, 1/3 Bias) ) ' )

Buffer ON ) 1 )

(BUFFEN = 1, 1/4 Bias)
RuN Total High resistor value for Low drive resistive network - 5.5 - MQ
RN Total Low resistor value for High drive resistive network - 240 - kQ

3
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Table 88. LCD controller characteristics!!) (continued)

Symbol Parameter Conditions Min Typ Max Unit
Vaa Segment/Common highest level voltage - Vicp -
Vg Segment/Common 3/4 level voltage - 3/4 V cp -
Vo3 Segment/Common 2/3 level voltage - 213V cp -
Vi Segment/Common 1/2 level voltage - 12V cp - \Y
Vi3 Segment/Common 1/3 level voltage - 13 Vicp -
Vg Segment/Common 1/4 level voltage - 14V cp -
Vo Segment/Common lowest level voltage - 0 -

1. Guaranteed by design.

2. LCD enabled with 3 V internal step-up active, 1/8 duty, 1/4 bias, division ratio = 64, all pixels active, no LCD connected.

6.3.27 Timer characteristics

The parameters given in the following tables are guaranteed by design. Refer to
Section 6.3.17 for details on the input/output alternate function characteristics (output
compare, input capture, external clock, PWM output).

Table 89. TIMx!") characteristics

Symbol Parameter Conditions Min Max Unit
. . - 1 - trimxcLk
tres(TIM) Timer resolution time : = 64 MHa 15.605 i~
TIMXCLK = . -
¢ Timer external clock frequency - 0 frimxcLk/2 MHz
EXT
on CH1 to CH4 frivxcLk = 64 MHz 0 40
TIM1, TIM16, TIM17 - 16
Restim Timer resolution bit
TIM2 - 32
tcounTER | 16-bit counter clock period : = o4 MHa 0.015625 1024 “XS
TIMXCLK = .
t Maximum possible count with B - 65536 x 65536 | trmxcLk
MAX-COUNT 1 32-bit counter FrivxcLk = 64 MHz - 67.10 s

1. TIMx is used as a general term where x stands for 1, 2, 16 or 17.
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Table 90. IWDG min/max timeout period at 32 kHz (LSI1)(")

Prescaler divider | PR[2:0] bits | Min timeout RL[11:0] = 0x000 | Max timeout RL[11:0] = OXFFF | Unit
14 0 0.125 512
/8 1 0.250 1024
/16 2 0.500 2048
132 3 1.0 4096 ms
/64 4 2.0 8192
/128 5 4.0 16384
1256 6or7 8.0 32768

1. The exact timings still depend on the phasing of the APB interface clock vs. the LSI clock, hence there is always a full RC
period of uncertainty.

6.3.28 Clock recovery system (CRS)

The devices embed a special block for the automatic trimming of the internal 48 MHz
oscillator to guarantee its optimal accuracy over the whole device operational range.

This automatic trimming is based on the external synchronization signal, which can be
derived from USB Sart Of Frame (SOF) signalization, from LSE oscillator, from an external
signal on CRS_SYNC pin or generated by user software.

For faster lock-in during startup it is also possible to combine automatic trimming with
manual trimming action.

6.3.29 Communication interfaces characteristics

I2C interface characteristics

The 12C interface meets the timings requirements of the 12C-bus specification and user
manual rev. 03 for:

e  Standard-mode (Sm): bit rate up to 100 kbit/s

e Fast-mode (Fm): bit rate up to 400 kbit/s

e  Fast-mode Plus (Fm+): bit rate up to 1 Mbit/s.

Table 91. Minimum I2CCLK frequency in all I’C modes

Symbol Parameter Condition Min Unit
Standard-mode - 2
Analog filter ON, DNF =0 9
Fast-mode
fueccLk) frljc?uc;&]iy Analog filter OFF, DNF =1 9 MHz
Analog filter ON, DNF =0 19
Fast-mode Plus
Analog filter OFF, DNF = 1 16

The 12C timings requirements are guaranteed by design when the 12C peripheral is properly
configured (see the reference manual).
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3

The SDA and SCL I/O requirements are met with the following restriction: the SDA and SCL
I/0O pins are not “true” open-drain. When configured as open-drain, the PMOS connected
between the I/O pin and Vpp is disabled, but is still present. The 20 mA output drive
requirement in Fast-mode Plus is supported partially.

This limits the maximum load C,,,4 supported in Fast-mode Plus, given by these formulas:
o t(SDA/SCL)=0.8473 x R, X Cpaq

e Rp(min) = [Vpp - Vg (max)] / lg (max)

where Ry, is the 12C lines pull-up. Refer to Section 6.3.77 for the 12C I/Os characteristics.
All'12C SDA and SCL I/0Os embed an analog filter, refer to Table 92 for its characteristics.

Table 92. 12C analog filter characteristics(")

Symbol Parameter Min Max Unit

Maximum pulse width of spikes that

tar 50(2) 1100) ns

are suppressed by the analog filter

1. Guaranteed by design.
2. Spikes with widths below tar(min) are filtered.

3. Spikes with widths above tarmay) are not filtered

SPI characteristics

Unless otherwise specified, the parameters given in Table 93 for SPI are derived from tests
performed under the ambient temperature, fpc| kx frequency and supply voltage conditions
summarized in Table 24: General operating conditions.

e  Output speed is set to OSPEEDRYy[1:0] = 11
e Capacitive load C = 30 pF
e  Measurement points are done at CMOS levels: 0.5 x Vpp

Refer to Section 6.3.17 for more details on the input/output alternate function characteristics
(NSS, SCK, MOSI, MISO for SPI).
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Table 93. SPI characteristics(")
Symbol Parameter Conditions Min Typ Max Unit
Master mode
1.65<Vpp<3.6V 32
Voltage Range 1
Master transmitter mode
1.65<Vpp<3.6V 32
Voltage Range 1
Slave receiver mode
f 1.65<Vpp<3.6V 32
1 /tcé(c:;i) SPI clock frequency Voltage Range 1 - - MHz
Slave mode transmitter/full duplex
27<Vpp<36V 32(2)
Voltage Range 1
Slave mode transmitter/full duplex
1.65<Vpp < 3.6V 20.5()
Voltage Range 1
Voltage Range 2 8
tsunss) | NSS setup time Slave mode, SPI prescaler = 2 4xTpcoLk - -
thnss) | NSS hold time Slave mode, SPI prescaler = 2 2XTpcLk - - )
fw(SCKH) | 5K high and low time | Master mode Teok- 15| Tpok | Trok * 1
tw(sckr)
t Master mode 1.5 - -
suMb Data input setup time
tsu(sn Slave mode 1 - -
thmiy Master mode 5 - -
Data input hold time ns
th(si Slave mode 1 - -
taso) | Data output access time 9 - 34
Slave mode
taisso) | Data output disable time 9 - 16
Slave mode 2.7 <Vpp <3.6 V ) 145 155
Voltage Range 1
Slave mode 1.65 < Vpp <3.6 V
tyso - 15.5 24
YO 1 pata output valid time | Voltage Range 1
Slave mode 1.65 <Vpp<3.6V ns
Voltage Range 2 19.5 26
tymo) Master mode (after enable edge) - 2.5 3
thiso) Slave mode (after enable edge) 8 - -
Data output hold time
thvo) Master mode (after enable edge) 1 - -

1. Guaranteed by characterization results.

2. Maximum frequency in Slave transmitter mode is determined by the sum of t,(so) and tg,y
or high phase preceding the SCK sampling edge. This value can be achieved when the éPl)
having tg, i) = 0 while Duty(SCK) = 50 %.
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Figure 31. SPI timing diagram - slave mode and CPHA =0

NSS input _\ /
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_[cPHA=0 I \ { \
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£ W(SCKH)|l¢ .
«| CPHA=0 t < >
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\—/ -- \—/7
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MISO
MSB OUT
OUTPUT ( BIT6 OUT LSB OUT
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ai14134c
Figure 32. SPI timing diagram - slave mode and CPHA =1
NSS input \ /.
I - 1
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\ 1 1 . , 1 |
5 | cPHA=1 L ' ' / \ :
— 1 [ 1
5 CPOL=0 =% sckn), | i’ : : ! " X
P
O | CPHA=1 tw(SCKL) ! ' N ' ! | " !
? [cPoL=1 w T g '
: 1 ) : 1 :
' o tyso) e th(S0) +t— SO prig tais(sO) q—
ta(SO) »—re 1 : : tf(SCK) :
X o -
MISO ! I
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1. Measurement points are set at CMOS levels: 0.3 Vpp and 0.7 Vpp.
Kys DS11929 Rev 11 161/193

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Electrical characteristics STM32WB55xx STM32WB35xx

Figure 33. SPI timing diagram - master mode
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1. Measurement points are set at CMOS levels: 0.3 Vpp and 0.7 Vpp.
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Electrical characteristics

Quad-SPI characteristics

Unless otherwise specified, the parameters given in Table 94 and Table 95 for Quad-SPI
are derived from tests performed under the ambient temperature, fayg frequency and Vpp

supply voltage conditions summarized in Table 24: General operating conditions, with the

following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 11

e Capacitive load C = 15 or 20 pF

e  Measurement points are set at CMOS levels: 0.5 x Vpp

Refer to Section 6.3.17 for more details on the input/output alternate function
characteristics.

Table 94. Quad-SPI characteristics in SDR mode(")

Symbol Parameter Conditions Min Typ Max Unit
1.65 < VDD< 3.6 V, CLOAD =20 pF . . 40
Voltage Range 1
1.65 <Vpp< 3.6V, CLOAD =15pF } } 48
Fek Quad-SPI Voltage Range 1 Mz
1/t(CK) clock frequency 2.7 < VDD< 3.6V, CLOAD =15 pF ) ) 60
Voltage Range 1
1.65< VDD <36V CLOAD =20 pF . . 16
Voltage Range 2
t B ticky2 - 0.5 - ticky2 + 1
W(CKH) guﬁdar?cljallo(z/lvozi:lr(ne fanBcLk= 48 MHz, presc=1 (CK) (CKy
Voltage Range 1 2 - -
tsn) Data input setup time
Voltage Range 2 3.5 - -
Voltage Range 1 4.5 - -
thany Data input hold time ns
Voltage Range 2 6 - -
Voltage Range 1 - 1 15
tyour)y |Data output valid time
Voltage Range 2 - 1 15
b hold Voltage Range 1 0 - -
thiouT ata output hold time
oun Voltage Range 2 0 - -
1. Guaranteed by characterization results.
1S7] DS11929 Rev 11 163/193

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Electrical characteristics

STM32WB55xx STM32WB35xx

Table 95. Quad-SPI characteristics in DDR mode(?

Symbol Parameter Conditions Min Typ Max Unit
1.65 < VDD <36 V, CLOAD =20 pF } _ 40
Voltage Range 1
20< VDD <3.6 V, CLOAD =20 pF _ _ 50
Fck |Quad-SPiIclock | Voltage Range 1 s
1hck) |frequency 1.65 < Vpp < 3.6 V, CLoap = 15 pF ] ] 48
Voltage Range 1
1.65 < VDD <36V CLOAD =20 pF } _ 16
Voltage Range 2
bwiokr) | Quad-SPIdlock | e bece g fcry/2 - ferf2 + 1
tw(cKL) high and low time teky2 - 1 R ticky2
i Data input setup | Voltage Range 1 25 ] _
siIN)" | time on rising edge |voltage Range 2 35
¢ Data input setup | Voltage Range 1 2.5 ) ]
sfIN) | time on falling edge Voltage Range 2 15
) Data input hold Voltage Range 1 5.5 ) ]
hr(IN) | time on rising edge Voltage Range 2 65
¢ Data input hold Voltage Range 1 5 ) )
hfN) | time on falling edge Voltage Range 2 6
Vol R ] DHHC=0 4 55
Data output valid oltage Range — ns
W(UT) | ime on rising edge DHHC=1 - teky2 + 1| teky2 +1.5
Voltage Range 2 4.5 7
DHHC=0 4 6
Data output valid | Voltage Range 1 -
WHOUT) | time on falling edge DHHC=1 - b2+ 1] okf2 +2
Voltage Range 2 6 7.5
Vol R ] DHHC=0 2 - -
Data output hold oltage Range _
trOUT) | time on rising edge DHHC=1 |tcky2 + 0.5 - -
Voltage Range 2 3.5 - -
DHHC=0 3 - -
Data output hold | Voltage Range 1 -
tiOUT) | time on falling edge DHHC=1 | t,cky2 + 0.5 - -
Voltage Range 2 5 - -
1. Guaranteed by characterization results.
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Figure 34. Quad-SPI timing diagram - SDR mode
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Figure 35. Quad-SPI timing diagram - DDR mode
trcwx) e twicLkH) twcLkL) ticLk)
Clock ‘ I
tuout)  thiour) twour)  thgoum
— — — —
Dataoutput —— [ |00 o1 [ 102 103 o4 [ 105 }—s-
tsran) thiany tsrany theany
Data input { 100 Y 101 f 102 f 103 ) 104 f 105 s
MSv36879V3

SAIl characteristics

Unless otherwise specified, the parameters given in Table 96 for SAl are derived
from tests performed under the ambient temperature, fpc| ky frequency and Vpp
supply voltage conditions summarized inTable 24: General operating conditions, with
the following configuration:

e  Output speed is set to OSPEEDRy[1:0] = 10

e Capacitive load C = 30 pF

e  Measurement are performed at CMOS levels: 0.5 x Vpp

Refer to Section 6.3.17 for more details on the input/output alternate function
characteristics (CK,SD,FS).
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Table 96. SAI characteristics(!

Symbol

Parameter

Conditions

Min

Max

Unit

fmcLk

SAIl main clock output

50

SAl clock frequency(@

Master transmitter
27V<sVpp=s36V
Voltage Range 1

235

Master transmitter
1.65V<Vpp<36V
Voltage Range 1

16

Master receiver
Voltage Range 1

16

MHz

Slave transmitter
27V<Vpp<36V
Voltage Range 1

26

Slave transmitter
165V<sVpp<36V
Voltage Range 1

20

Slave receiver
Voltage Range 1

32

Voltage Range 2

tyFs)

FS valid time

Master mode
27V<Vpps36V

21

Master mode
165V<sVpps36V

30

th(rs)

FS hold time

Master mode

10

tsu(Fs)

FS setup time

Slave mode

1.5

th(Fs)

FS hold time

Slave mode

2.5

tsuisp_A MR)

tsuisp_B_sR)

Data input setup time

Master receiver

Slave receiver

1.5

th(sb_A_MR)

thsp_B SR)

Data input hold time

Master receiver

6.5

Slave receiver

25

ns

tysp B_sT)

Data output valid time

Slave transmitter (after enable edge)
27V<Vpps36V

19

Slave transmitter (after enable edge)
165V<Vpp<36V

25

thsp_B_sT)

Data output hold time

Slave transmitter (after enable edge)

tysp_A_mT)

Data output valid time

Master transmitter (after enable edge)
27V<Vpps36V

18.5

Master transmitter (after enable edge)
165V<Vpp<36V

25

thsp_A_MT)

Data output hold time

Master transmitter (after enable edge)

10

1. Guaranteed by characterization results.

2. APB clock frequency must be at least twice SAI clock frequency.
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Figure 36. SAl master timing waveforms

1fsck

SAI_SCK_X \ : , ! '
: i j & h(FS)
SALFS_X A ' N,
(output) > ty(SD_MT)e—>! <> h(SD_MT)
SAI_SD_X : : :
S Slot Slot n+2 X:

(transmit) X X X L " X : ot l

tsu(SD_MR) &—»e«—»! th(SD_MR)
SAI_SD_X / Slot n ' x
(receive) X X X : X X

' MS32771V1
Figure 37. SAl slave timing waveforms
1fsck .
SAI_SCK_X \ ; ) : \
tw(CKH_X) ——»—— tw(CKL_X) E 5 «———»h(Fs)
SALFS_X . : /
(input) tsu(FS) —» ty(SD_ST) ¢—» «—»:th(SD_ST)
SAI_SD_X i : :
_SD_ Slat n Slot n+2 X:

(transmit) X X X ; X X otn* A

tsu(SD_SR) &—»e—>»! th(SD_SR)
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' MS32772V1
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USB characteristics

The STM32WB55xx and STM32WB35xx USB interface is fully compliant with the USB
specification version 2.0, and is USB-IF certified (for Full-speed device operation).

Table 97. USB electrical characteristics("

Symbol Parameter Conditions Min | Typ | Max | Unit
Vppusg | USB transceiver operating voltage - 3.0@) - 3.6 \Y
USB crystal-less .
Terystal_less operation temperature ) -15 ) 85 C
Ry Emped_ded USB_DP pull-up value ) 900 | 1250 | 1600
during idle
ReUR Empedded USB_DP pull-up value ) 1400 | 2300 | 3200 Q
during reception
ZDRV(3) Output driver impedance(4) Driving high and low | 28 36 44

Tp =-40 to 125 °C unless otherwise specified.

2. The STM32WB55xx and STM32WB35xx USB functionality is ensured down to 2.7 V, but the full USB
electrical characteristics are degraded in the 2.7 to 3.0 V voltage range.

Guaranteed by design.

No external termination series resistors are required on USB_DP (D+) and USB_DM (D-); the matching
impedance is already included in the embedded driver.

JTAG/SWD interface characteristics

Unless otherwise specified, the parameters given in Table 98 and Table 99 are derived from
tests performed under the ambient temperature, fpc kx frequency and supply voltage
conditions summarized in Table 24: General operating conditions, with the following
configuration:

e Capacitive load C = 30 pF
e Measurement points are done at CMOS levels: 0.5 x Vpp

Table 98. JTAG characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
2.7<Vpp<36V - - 29

Merek) | TCK clock frequency MHz
1'65<VDD <36V _ - 21

tisu(TMS) TMS input setup time - 25 _ _

tinrms) | TMS input hold time - 2 i _

tisuroly | TDIinput setup time - 15 _ _

tinroly | TDIinput hold time - 2 } _ ns
2.7<Vpp<36V - 135 | 16.5

tovtpo) | TDO output valid time
165<Vpp <36V - | 135 | 23

tonrpo) | TDO output hold time - 1 i _
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Table 99. SWD characteristics

Symbol Parameter Conditions Min Typ Max | Unit
1/ SWCLK clock f 27<Vop =36V - S Y
t clock frequency z
o(SWEL 1.65<Vpp < 3.6 V - - | 35
tisurms) | SWDIO input setup time - 25 - -
tih(TMS) SWDIO input hold time - 2 - -
27<Vpp<36V - 16 18 ns
tovrpoy | SWDIO output valid time
1.65<Vpp<3.6V - 16 28
tonrpoy | SWDIO output hold time - 13 - -

Refer to Section 6.3.17 for more details on the input/output alternate function characteristics
(CK, SD, WS).
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Package information

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK packages, depending on their level of environmental compliance. ECOPACK
specifications, grade definitions and product status are available at: www.st.com.
ECOPACK is an ST trademark.

71 UFBGA129 package information
This UFBGA is a 129-ball, 7 x 7 mm, 0.5 mm fine pitch, square ball grid array package.
Figure 38. UFBGA129 package outline
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1. Drawing is not to scale.
2. -The terminal A1 corner must be identified on the top surface by using a corner chamfer,
ink or metalized markings, or other feature of package body or integral heat slug.
- A distinguishing feature is allowable on the bottom surface of the package to identify the terminal A1
corner. Exact shape of each corner is optional.
Table 100. UFBGA129 mechanical data
millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
AR - - 0.60 - - 0.024
A1 - - 0.11 - - 0.004
A2 - 0.13 - - 0.005 -
A4 - 0.32 - - 0.013 -
b®) 0.24 0.29 0.34 0.009 0.011 0.013
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Table 100. UFBGA129 mechanical data (continued)

millimeters inches(")
Symbol

Min Typ Max Min Typ Max
D 6.85 7.00 7.15 0.270 0.276 0.281
6.85 7.00 7.15 0.270 0.276 0.281

D1 - 6.00 - - 0.236 -

E1 - 6.00 - - 0.236 -

e - 0.50 - - 0.020 -

F - 0.50 - - 0.020 -
ddd - - 0.08 - - 0.003
eee® - - 0.15 - - 0.006
fff(®) - - 0.05 - - 0.002

Values in inches are converted from mm and rounded to four decimal digits.

- UFBGA stands for Ultra Thin Profile Fine Pitch Ball Grid Array.

- Ultra thin profile: 0.50 < A< 0.65mm / Fine pitch: e < 1.00mm pitch.

- The total profile height (Dim A) is measured from the seating plane to the top of the component
- The maximum total package height is calculated by the following methodology:

AMax = A1 Typ + A2 Typ + A4 Typ + V (A12+A22+A42 tolerance values).

The typical balls diameters before mounting is 0.20 mm.

The tolerance of position that controls the location of the pattern of balls with respect to datum A and B.
For each ball there is a cylindrical tolerance zone eee perpendicular to datum C and located on true
position with respect to datum A and B as defined by e. The axis perpendicular to datum C of each ball
must lie within this tolerance zone.

The tolerance of position that controls the location of the balls within the matrix with respect to each other.
For each ball there is a cylindrical tolerance zone fff perpendicular to datum C and located on true position
as defined by e. The axis perpendicular to datum C of each ball must lie within this tolerance zone. Each
tolerance zone fff in the array is contained entirely in the respective zone eee above The axis of each ball
must lie simultaneously in both tolerance zones.

Figure 39. UFBGA129 recommended footprint

Dpad
Dsm
BGA_WLCSP_FT_V1
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Table 101. UFBGA129 recommended PCB design rules

Dimension Recommended values
Pitch 0.5 mm
Dpad 0,360 mm
Dsm 0.460 mm typ. (depends on soldermask registration tolerance)
Stencil opening 0.360 mm
Stencil thickness 0.100 mm

Device marking for UFBGA129

Figure 40 gives an example of topside marking orientation versus pin 1 identifier location.
The printed markings may differ depending on the supply chain.

Other optional marking or inset/upset marks, which identify the parts throughout supply
chain operations, are not indicated below.

Figure 40. UFBGA129 marking example (package top view)

STM32WB

Product identification” <

55V

Juw | [v] «f—pons
Ky € [

\
Date code

Pin 1 identifier

MS53511V1

1. Parts marked as ES or E or accompanied by an Engineering Sample notification letter are not yet qualified
and therefore not approved for use in production. ST is not responsible for any consequences resulting
from such use. In no event will ST be liable for the customer using any of these engineering samples in
production. ST’s Quality department must be contacted prior to any decision to use these engineering
samples to run a qualification activity.
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Package information

7.2 WLCSP100 package information
WLCSP100 is a 100-ball, 4.390 x 4.371 mm, 0.4 mm pitch, wafer level chip scale package.
Figure 41. WLCSP100 outline
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STM32WB55xx STM32WB35xx

Table 102. WLCSP100 mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A - - 0.59 - - 0.023
A1 - 0.18 - - 0.007 -
A2 - 0.38 - - 0.015 -
A3 - 0.025() - - 0.001 -
b 0.22 0.25 0.28 0.009 0.010 0.0110
D 4.38 4.40 4.42 0.1715 0.1728 0.1742
E 4.36 4.38 4.40 0.1707 0.1721 0.1735
e - 0.40 - - 0.0157 -
el - 3.60 - - 0.1417 -
e2 - 3.60 - - 0.1417 -
e3 - 0.08 - - 0.0031 -
e4 - 0.08 - - 0.0033 -
F - 0.4800%) - - 0.0187 -
- 0.306() - - 0.0119 -
- 0.32 - - 0.0124 -
- 0.47 - - 0.0185 -
aaa - - 0.10 - - 0.0039
bbb - - 0.10 - - 0.0039
cce - - 0.10 - - 0.0039
ddd - - 0.05 - - 0.0020
eee - - 0.05 - - 0.0020
1. Values in inches are converted from mm and rounded to the third decimal place.
2. Nominal dimension rounded to the third decimal place results from process capability.
3. Calculated dimensions are rounded to third decimal place.
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Figure 42. WLCSP100 recommended footprint
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1. Dimensions are expressed in millimeters.

Table 103. WLCSP100 recommended PCB design rules

Dimension Recommended values
Pitch 0.4 mm
Dpad 0.225 mm
Dsm 0.290 mm typ. (depends on the soldermask registration tolerance)
Stencil opening 0.250 mm
Stencil thickness 0.100 mm

Device marking for WLCSP100

Figure 43 gives an example of topside marking orientation versus pin 1 identifier location.
The printed markings may differ depending on the supply chain.

Other optional marking or inset/upset marks, which identify the parts throughout supply
chain operations, are not indicated below.
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Figure 43. WLCSP100 marking example (package top view)

Pin 1 identifier

—l @
|7

wB55V

Product
identification”

el

Date code

MS53512V1

Parts marked as ES or E or accompanied by an Engineering Sample notification letter are not yet qualified
and therefore not approved for use in production. ST is not responsible for any consequences resulting
from such use. In no event will ST be liable for the customer using any of these engineering samples in
production. ST’s Quality department must be contacted prior to any decision to use these engineering
samples to run a qualification activity.
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VFQFPNG68 package information

VFQFPNGS8 is a 8 x 8 mm, 0.4 mm pitch, very thin fine pitch quad flat package.

Figure 44. VFQFPN68 package outline
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1. VFQFPN stands for Thermally Enhanced Very thin Fine pitch Quad Flat Packages No lead. Sawed
version. Very thin profile: 0.80 < A <1.00 mm.

2. The pin #1 identifier must be existed on the top surface of the package by using indentation mark or other
feature of package body. Exact shape and size of this feature is optional.

Table 104. VFQFPN68 mechanical data

millimeters inches(!)
Symbol

Min Typ Max Min Typ Max
A 0.80 0.90 1.00 0.0315 0.0354 0.0394
A1 0 0.02 0.05 0 0.0008 0.0020
A3 - 0.20 - - 0.0008 -

0.15 0.20 0.25 0.0059 0.0079 0.0098
D 7.85 8.00 8.15 0.3091 0.3150 0.3209
D2 6.30 6.40 6.50 0.2480 0.2520 0.2559
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Table 104. VFQFPN68 mechanical data (continued)

millimeters inches("
Symbol
Min Typ Max Min Typ Max

E 7.85 8.00 8.15 0.3091 0.3150 0.3209
E2 6.30 6.40 6.50 0.2480 0.2520 0.2559

e - 0.40 - - 0.0157 -

L 0.40 0.50 0.60 0.0157 0.0197 0.0236
ddd - - 0.08 - - 0.0031

1. Values in inches are converted from mm and rounded to four decimal digits.

Figure 45. VFQFPN68 recommended footprint
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y 6.65 R
EDDDDDDD@DDDDDDDF 1
= | %
RS SIS blale
= S =
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’ B029_VFQFPN68_FP_V2

1. Dimensions are expressed in millimeters.

Device marking for VFQFPN68

Figure 45 gives an example of topside marking orientation versus pin 1 identifier location.
The printed markings may differ depending on the supply chain.

Other optional marking or inset/upset marks, which identify the parts throughout supply
chain operations, are not indicated below.

3

DS11929 Rev 11

Downloaded from AFfOW.com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

STM32WB55xx STM32WB35xx Package information

Figure 46. VFQFPN68 marking example (package top view)

1S7;

STM32WBS55

v

Product
identification!" <N R

Pin 1 identifier \ﬁ.

1. Parts marked as ES or E or accompanied by an Engineering Sample notification letter are not yet qualified
and therefore not approved for use in production. ST is not responsible for any consequences resulting
from such use. In no event will ST be liable for the customer using any of these engineering samples in
production. ST’s Quality department must be contacted prior to any decision to use these engineering
samples to run a qualification activity.

MS53514V1
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7.4 UFQFPN48 package information
UFQFPN48 is a 48-lead, 7 x 7 mm, 0.5 mm pitch, ultra thin fine pitch quad flat package.

Figure 47. UFQFPN48 outline

Pin 1 identifier
laser marking area

4
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% 2 X
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T¢ O ¥y ¥ Seating
olddd | KA1 Pene
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Detail Y
- D -
- Y
Exposed pad D2

area | g
<

v

C 0.500x45°

pin1 corner R 0.125 typ.

Detail Z

AOB9_ME_V3

Drawing is not to scale.
2. All leads/pads should also be soldered to the PCB to improve the lead/pad solder joint life.

There is an exposed die pad on the underside of the UFQFPN package, it must be electrically connected to
the PCB ground.
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Package information

Table 105. UFQFPN48 mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A 0.500 0.550 0.600 0.0197 0.0217 0.0236
A1 0.000 0.020 0.050 0.0000 0.0008 0.0020
6.900 7.000 7.100 0.2717 0.2756 0.2795
6.900 7.000 7.100 0.2717 0.2756 0.2795
D2 5.500 5.600 5.700 0.2165 0.2205 0.2244
E2 5.500 5.600 5.700 0.2165 0.2205 0.2244
0.300 0.400 0.500 0.0118 0.0157 0.0197
T - 0.152 - - 0.0060 -
0.200 0.250 0.300 0.0079 0.0098 0.0118
e - 0.500 - - 0.0197 -
ddd - - 0.080 - - 0.0031
1. Values in inches are converted from mm and rounded to four decimal digits.
Figure 48. UFQFPN48 recommended footprint
< 7.30 >
< 6.20 »
4 HOOOO0000000
A - 36 A
. 3
c c
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7.30 (| c
20 B B =
3 3
0 "oI:l «——5.60 | »|
¥ =
1/ c
' 'A \4 v
v 0000000000/
o e 050 075
. y 5.80 ! AOB9_FP_V2
1. Dimensions are expressed in millimeters.
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Device marking for UFQFPN48

Figure 49 and Figure 50 give examples of topside marking orientation versus pin 1 identifier
location. The printed markings may differ depending on the supply chain.

Other optional marking or inset/upset marks, which identify the parts throughout supply

chain operations, are not indicated below.

Figure 49. STM32WB55xx UFQFPN48 marking example (package top view)

Product —

1> | STM32WBSS

identification”) ——1, [Ceuk

| __— Date code

Pin 1 identifier

-@ Kys

O ——Revision code

MS51581Vv2

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering

samples to run qualification activity.

Figure 50. STM32WB35xx UFQFPN48 marking example (package top view)

Product —]

1> | STM32WB35

identification”) ——1, [Ccuk

| _— Date code

Pin 1 identifier

> . ,I O ——Revision code

MS53143V2

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering

samples to run qualification activity.
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7.5 Thermal characteristics

The maximum chip junction temperature (T jmax) must never exceed the values given in
Table 24: General operating conditions.

The maximum chip-junction temperature, T; max, in degrees Celsius, can be calculated
using the equation:
Ty max =Ty max + (Pp max x ©jp)
where:
e T, maxis the maximum ambient temperature in °C,
e Oy, is the package junction-to-ambient thermal resistance, in °C / W,
e Pp maxis the sum of Pyt max and P|,o max (Pp max = Pyt max + P, max),
e  Pny7 maxis the product of Ipp and Vpp, expressed in Watt. This is the maximum chip
internal power.

P\j,o max represents the maximum power dissipation on output pins:
* Pyomax=2 (VoL *loL)+Z (Voo —Von) * lon)

taking into account the actual Vg / Ig_ and Vgy / Ioy of the 1/0s at low and high level in the
application.

Note: When the SMPS is used, a portion of the power consumption is dissipated into the external
inductor, therefore reducing the chip power dissipation. This portion depends mainly on the
inductor ESR characteristics.

Note: As the radiated RF power is quite low (< 4 mW), it is not necessary to remove it from the
chip power consumption.

Note: RF characteristics (such as sensitivity, Tx power, consumption) are provided up to 85 °C.

Table 106. Package thermal characteristics

Symbol Parameter Value Unit
Thermal resistance junction-ambient 2.9
UFQFPN48 - 7 mm x 7 mm ’
Thermal resistance junction-ambient 470

VFQFPNG8 - 8 mm x 8 mm
Oja °C/W
Thermal resistance junction-ambient

WLCSP100 - 0.4 mm pitch 358
Thermal resistance junction-ambient 415
UFBGA129 - 0.5 mm pitch )
Thermal resistance junction-board 13.0
UFQFPN48 - 7 mm x 7 mm ’
Thermal resistance junction-board 36.1

VFQFPNG8 - 8 mm x 8 mm
O °C/W
Thermal resistance junction-board

WLCSP100 - 0.4 mm pitch N/A
Thermal resistance junction-board 16.2
UFBGA129 - 0.5 mm pitch ’
Kys DS11929 Rev 11 183/193
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Table 106. Package thermal characteristics (continued)

Symbol Parameter Value Unit

Thermal resistance junction-case

UFQFPN48 - 7 mm x 7 mm 13

Thermal resistance junction-case 13.7
VFQFPNG68 - 8 mm x 8 mm '

Oy °C/W

Thermal resistance junction-case N/A
WLCSP100 - 0.4 mm pitch

Thermal resistance junction-case

UFBGA129 - 0.5 mm pitch 34.9

7.5.1 Reference document

JESD51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural
Convection (Still Air). Available from www.jedec.org

7.5.2 Selecting the product temperature range

When ordering the microcontroller, the temperature range is specified in the ordering
information scheme shown in Section 8.

Each temperature range suffix corresponds to a specific guaranteed ambient temperature at
maximum dissipation and, to a specific maximum junction temperature.

As applications do not commonly use the device at maximum dissipation, it is useful to
calculate the exact power consumption and junction temperature to determine which
temperature range is best suited to the application.

The following examples show how to calculate the temperature range needed for a given
application.

Example 1: High-performance application

Assuming the following application conditions:

Maximum ambient temperature T, max = 82 °C (measured according to JESD51-2),
Ipp max = 50 mA, Vpp = 3.5V, maximum 20 |/Os used at the same time in output at
low level with 1o, =8 mA, Vg = 0.4 V and maximum 8 I/Os used at the same time in
output at low level with I, =20 mA, Vg =13V

Pint max =50 mA x 3.5V =175 mW
Pomax=20x8 mAx04V+8x20mAx13V=272mW
This gives: Pyt max = 175 mW and P, max = 272 mW
Pp max =175+ 272 = 447 mW
Using the values obtained in Table 106 T; max is calculated as follows:
— For VFQFPNGS8, 47 °C /W
Tymax=82°C + (47 °C/W x 447 mW) =82 °C + 21 °C =103 °C
This is within the range of the suffix 6 version parts (40 < T, < 105 °C), see Section 8.

In this case, parts must be ordered at least with the temperature range suffix 6.
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Note:

3

With this given Pp max user can find the T, max allowed for a given device temperature
range (order code suffix 7).

Suffix 7: Tp max = Tymax - (47 °C/W x 447 mW) = 125 °C - 21 °C = 103 °C

Example 2: High-temperature application

Using the same rules, it is possible to address applications running at high ambient
temperatures with a low dissipation, as long as junction temperature T remains within the
specified range.

Assuming the following application conditions:

Maximum ambient temperature T, max = 100 °C (measured according to JESD51-2),
Ipp max = 50 mA, Vpp = 3.5 V, maximum 20 I/Os used at the same time in output at
low level with Ig. =8 mA, Vo = 0.4V

Pint max =50 mAx 3.5V =175 mW
Piomax=20x8 mAx 0.4V =64 mW
This gives: P\ytmax = 175 mW and P ;g max = 64 mW
Pp max =175 + 64 = 239 mW
Thus: Pp max = 239 mW
Using the values obtained in Table 106 T; max is calculated as follows:
— For UFQFPN48, 249 °C /W
T, max =100 °C + (24.9 °C /W x 239 mW) = 100 °C + 6 °C = 106 °C
This is above the range of the suffix 6 version parts (—40 < T; < 105 °C).

In this case, parts must be ordered at least with the temperature range suffix 7 (see
Section 8), unless user reduces the power dissipation to be able to use suffix 6 parts.
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8 Ordering information

Example: STM32 WB 55 V G V 6 ATR

Device family

STM32 = Arm® based 32-bit microcontroller

Product type
WB = Wireless Bluetooth®

Device subfamily

55 = Die 5, full set of features
35 = Die 3, full set of features(!
Pin count

C =48 pins

R = 68 pins

V =100 or 129 pins

Flash memory size
C = 256 Kbytes

E = 512 Kbytes

Y@ = 640 Kbytes

G =1 Mbyte

Package

U = UFQFPN48 7 x 7 mm

V =VFQFPNG68 8 x 8 mm

Y = WLCSP100 0.4 mm pitch
Q = UFBGA129 0.5 mm pitch

Temperature range

6 = Industrial temperature range, -40 to 85 °C (105 °C junction)
7 = Industrial temperature range, -40 to 105 °C (125 °C junction)

Identification code

A = Proprietary identification code

blank = Non-proprietary identification code

Packing

TR = tape and reel
Xxx = programmed parts

1. STM32WB35xx only available with 48-pin UFQFPN48 package, 256 or 512 Kbytes Flash
memory.

2. Only STM32WB55VY, WLCSP100 package, temperature range -40 to 85 °C (105 °C junction).

3
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Revision history

Table 107. Document revision history

Date

Revision

Changes

25-Jul-2017

1

Initial release.

04-Apr-2018

Updated document title, Features, Section 1: Introduction, Section 2:
Description, Section 3.1: Architecture, Section 3.3.2: Memory protection
unit, Section 3.3.3: Embedded Flash memory, Section 3.4: Security and
safety, Section 3.6: RF subsystem, Section 3.6.1: RF front-end block
diagram, Section 3.6.2: BLE general description, Section 3.7.1: Power
supply distribution, Section 3.7.2: Power supply schemes, Section 3.7.4:
Power supply supervisor, Section 3.10: Clocks and startup, Section 3.14:
Analog to digital converter (ADC), Section 3.19: True random number
generator (RNG), Section 5: Memory mapping, Section 6.3.25: SMPS
step-down converter characteristics and Section 7.5.2: Selecting the
product temperature range.

Updated Table 2: STM32WB55xx devices features and peripheral
counts, Table 6: Power supply typical components, Table 7: Features
over all modes, Table 8: STM32WB55xx modes overview, Table 13:
Timer features, Table 15: Legend/abbreviations used in the pinout table,
Table 16: STM32WB55xx pin and ball definitions, Table 17: Alternate
functions, Table 23: RF transmitter BLE characteristics, Table 26: RF
receiver BLE characteristics (1 Mbps) and added footnote to it, Table 28:
RF BLE power consumption for VDD = 3.3 V, Table 31: RF 802.15.4
power consumption for VDD = 3.3 V, Table 37: Typical current
consumption in Run and Low-power run modes, with different codes
running from Flash, ART enable (Cache ON Prefetch OFF), VDD= 3.3 V,
Table 38: Typical current consumption in Run and Low-power run modes,
with different codes running from SRAM1, VDD = 3.3 V, Table 40:
Current consumption in Low-power sleep modes, Flash memory in Power
down, Table 41: Current consumption in Stop 2 mode, Table 42: Current
consumption in Stop 1 mode, Table 43: Current consumption in Stop 0
mode, Table 44: Current consumption in Standby mode, Table 45:
Current consumption in Shutdown mode, Table 48: Peripheral current
consumption, Table 104: Package thermal characteristics and Table 97:
STM32WB55xx ordering information scheme.

Added Table 47: Current under Reset condition.

Updated Figure 1: STM32WB55xx block diagram, Figure 2:
STM32WB55xx RF front-end block diagram, Figure 4: Power distribution,
Figure 6: Power supply overview, Figure 7: Clock tree, Figure 8:
STM32WB55Cx UFQFPN48 pinout™@), Figure 9: STM32WB55Rx
VFQFPN68 pinout?), Figure 10: STM32WB55Vx WLCSP100 ballout(")
and Figure 14: Power supply scheme (all packages except UFBGA129).
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Table 107. Document revision history (continued)

Date

Revision

Changes

08-Oct-2018

Changed document classification to Public.

Updated Features, Section 3.6.2: BLE general description, Section 3.7.2:
Power supply schemes, Section 3.7.3: Linear voltage regulator,

Section 3.10: Clocks and startup, Section 6.3.10: External clock source
characteristics, Section 6.3.20: Analog-to-Digital converter
characteristics, Section 6.3.29: Communication interfaces characteristics,
Section 7.2: WLCSP100 package information and Section 7.5: Thermal
characteristics.

Replaced Vpp,ox With Vpp throughout the whole document.

Updated Table 5: Typical external components, footnote 2 of Table 7:
Features over all modes, Table 8: STM32WB55xx modes overview and
its footnote 5, Table 12: Internal voltage reference calibration values,
Table 16: STM32WB55xx pin and ball definitions and its footnote 6,
Table 17: Alternate functions, Table 20: Thermal characteristics,

Table 21: Main performance at VDD = 3.3 V, Table 21: Main performance
at VDD = 3.3 V, Table 22: General operating conditions, Table 23: RF
transmitter BLE characteristics and its footnote, Table 26: RF receiver
BLE characteristics (1 Mbps), Table 28: RF BLE power consumption for
VDD = 3.3 V, Table 29: RF transmitter 802.15.4 characteristics and its
footnote 1, Table 30: RF receiver 802.15.4 characteristics, Table 31: RF
802.15.4 power consumption for VDD = 3.3 V, Table 34: Embedded
internal voltage reference, Table 35: Current consumption in Run and
Low-power run modes, code with data processing running from Flash,
ART enable (Cache ON Prefetch OFF), VDD = 3.3 V, Table 36: Current
consumption in Run and Low-power run modes, code with data
processing running from SRAM1, VDD = 3.3 V, Table 37: Typical current
consumption in Run and Low-power run modes, with different codes
running from Flash, ART enable (Cache ON Prefetch OFF), VDD= 3.3 V,
Table 38: Typical current consumption in Run and Low-power run modes,
with different codes running from SRAM1, VDD = 3.3 V, Table 39:
Current consumption in Sleep and Low-power sleep modes, Flash
memory ON, Table 40: Current consumption in Low-power sleep modes,
Flash memory in Power down, Table 41: Current consumption in Stop 2
mode, Table 42: Current consumption in Stop 1 mode, Table 43: Current
consumption in Stop 0 mode, Table 44: Current consumption in Standby
mode, Table 45: Current consumption in Shutdown mode, Table 46:
Current consumption in VBAT mode, Table 47: Current under Reset
condition, Table 48: Peripheral current consumption, Table 49: Low-
power mode wakeup timings, Table 50: Regulator modes transition times,
Table 51: Wakeup time using LPUART, Table 53: HSE clock source
requirements and added footnote to it, Table 61: LSI2 oscillator
characteristics, Table 63: Flash memory characteristics, Table 65: EMS
characteristics, Table 67: ESD absolute maximum ratings, Table 69: I/O
current injection susceptibility, Table 70: I/O static characteristics and its
footnotes, Table 71: Output voltage characteristics, Table 72: I/O AC
characteristics and its footnotes 7 and 2, Table 73: NRST pin
characteristics, Table 77: ADC accuracy - Limited test conditions 1,
Table 78: ADC accuracy - Limited test conditions 2, Table 79: ADC
accuracy - Limited test conditions 3, Table 80: ADC accuracy - Limited
test conditions 4, Table 82: COMP characteristics, Table 90: 12C analog
filter characteristics, Table 91: SPI characteristics, Table 92: Quad-SPI
characteristics in SDR mode, Table 93: Quad-SPI characteristics in DDR
mode and Table 94: SAl characteristics.
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Table 107. Document revision history (continued)

Date

Revision

Changes

08-Oct-2018

(cont'd)

Updated Figure 2: STM32WB55xx RF front-end block diagram,

Figure 14: Power supply scheme (all packages except UFBGA129),
Figure 18: Typical energy detection (T = 27°C, VDD = 3.3 V) and
Figure 25: I/0 input characteristics.

Added Figure 5: Power-up/down sequence, Figure 17: Typical link quality
indicator code vs. Rx level and Figure 18: Typical energy detection (T =
27°C, VDD = 3.3 V).

Added Table 24: RF transmitter BLE characteristics (1 Mbps), Table 25:
RF transmitter BLE characteristics (2 Mbps), Table 27: RF receiver BLE
characteristics (2 Mbps), Table 52: HSE crystal requirements and

Table 89: Minimum I2CCLK frequency in all I2C modes.

Added Device marking for UFQFPN48.

Removed former Figure 22: 1/O AC characteristics definition(") and
Figure 27: SMPS efficiency - VDDSMPS = 3.6 V.

20-Feb-2019

Updated document title.
Product status moved to Production data.

Introduced BGA129 package, hence updated image on cover page,
Table 16: STM32WB55xx pin and ball definitions and Section 8: Ordering
information, and added Figure 11: STM32WB55Vx UFBGA129 ballout(")
and Section 7.1: UFBGA129 package information.

Updated Features, Section 3.3.4: Embedded SRAM, Section 3.17: Touch
sensing controller (TSC) and Section 3.24: Low-power universal
asynchronous receiver transmitter (LPUART).

Added Section 6.3.28: Clock recovery system (CRS).
Added Table 76: ADC sampling time.

Removed former Table 75: Maximum ADC RAIN and Table 84: SMPS
step-down converter characteristics.

Updated captions of figures 8, 9 and 70.
Updated Figure 43: VFQFPN68 recommended footprint.
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Table 107. Document revision history (continued)

Date

Revision

Changes

20-Feb-2019

(cont'd)

Updated Table 2: STM32WB55xx devices features and peripheral
counts, Table 8: STM32WB55xx modes overview and its footnotes,
Table 21: Main performance at VDD = 3.3 V, Table 22: General operating
conditions, Table 23: RF transmitter BLE characteristics, Table 24: RF
transmitter BLE characteristics (1 Mbps), Table 25: RF transmitter BLE
characteristics (2 Mbps), Table 26: RF receiver BLE characteristics (1
Mbps), Table 27: RF receiver BLE characteristics (2 Mbps), Table 28: RF
BLE power consumption for VDD = 3.3 V, Table 29: RF transmitter
802.15.4 characteristics, Table 31: RF 802.15.4 power consumption for
VDD = 3.3 V, Table 35: Current consumption in Run and Low-power run
modes, code with data processing running from Flash, ART enable
(Cache ON Prefetch OFF), VDD = 3.3 V, Table 36: Current consumption
in Run and Low-power run modes, code with data processing running
from SRAM1, VDD = 3.3 V, Table 37: Typical current consumption in Run
and Low-power run modes, with different codes running from Flash, ART
enable (Cache ON Prefetch OFF), VDD= 3.3 V, Table 38: Typical current
consumption in Run and Low-power run modes, with different codes
running from SRAM1, VDD = 3.3 V, Table 39: Current consumption in
Sleep and Low-power sleep modes, Flash memory ON, Table 40: Current
consumption in Low-power sleep modes, Flash memory in Power down,
Table 41: Current consumption in Stop 2 mode, Table 42: Current
consumption in Stop 1 mode, Table 43: Current consumption in Stop 0
mode, Table 44: Current consumption in Standby mode, Table 45:
Current consumption in Shutdown mode, Table 46: Current consumption
in VBAT mode, Table 47: Current under Reset condition, Table 48:
Peripheral current consumption and its footnotes, Table 49: Low-power
mode wakeup timings, Table 50: Regulator modes transition times and its
footnote 1, Table 65: EMS characteristics, Table 66: EMI characteristics,
Table 67: ESD absolute maximum ratings, Table 69: I/O current injection
susceptibility, Table 75: ADC characteristics, Table 77: ADC accuracy -
Limited test conditions 1, Table 78: ADC accuracy - Limited test
conditions 2, Table 79: ADC accuracy - Limited test conditions 3,

Table 80: ADC accuracy - Limited test conditions 4 and Table 104:
Package thermal characteristics.

04-Oct-2019

Updated Features, Section 2: Description, Section 6.1.6: Power supply
scheme, Section 6.2: Absolute maximum ratings and Section 7.2:
WLCSP100 package information.

Updated Table 6: Power supply typical components, Table 7: Features
over all modes, Table 11: Temperature sensor calibration values,
Table 16: STM32WB55xx pin and ball definitions, Table 17: Alternate
functions, Table 21: Main performance at VDD = 3.3 V, Table 26: RF
receiver BLE characteristics (1 Mbps), Table 34: Embedded internal
voltage reference, Table 62: PLL, PLLSAI1 characteristics and Table 67:
ESD absolute maximum ratings.

Updated Figure 6: Power supply overview and Figure 33: Quad-SPI
timing diagram - DDR mode.

Added Figure 15: Power supply scheme (UFBGA129 package) and
Figure 21: Low-speed external clock source AC timing diagram.

Added Table 56: Low-speed external user clock characteristics — Bypass
mode.
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Table 107. Document revision history (continued)

Date

Revision

Changes

19-Feb-2020

Updated Features, Section 2: Description, I/O system current
consumption, Section 3.17: Touch sensing controller (TSC), Section 7.1:
UFBGA129 package information, Section 7.2: WLCSP100 package
information, Section 7.3: VFQFPNG68 package information, Section 7.4:
UFQFPN48 package information, Section 7.5: Thermal characteristics
and Section 8: Ordering information.

Added JTAG/SWD interface characteristics, Device marking for
UFBGA129, Device marking for WLCSP100 and Device marking for
VFQFPNG68.

Updated Table 2: STM32WB55xx devices features and peripheral
counts, Table 7: Features over all modes, Table 16: STM32WB55xx pin
and ball definitions, Table 17: Alternate functions, Table 18: Voltage
characteristics, Table 22: General operating conditions, Table 26: RF
receiver BLE characteristics (1 Mbps), Table 27: RF receiver BLE
characteristics (2 Mbps), Table 30: RF receiver 802.15.4 characteristics,
Table 47: Current under Reset condition, Table 61: LSI2 oscillator
characteristics and Table 104: Package thermal characteristics.

Added footnote 5 to Table 15: Legend/abbreviations used in the pinout
table.

Updated Figure 2: STM32WB55xx RF front-end block diagram, Figure 6:
Power supply overview, Figure 7: Clock tree, Figure 11: STM32WB55Vx
UFBGA129 ballout"), Figure 14: Power supply scheme (all packages
except UFBGA129), Figure 36: UFBGA129 package outline and

Figure 47: UFQFPN48 marking example (package top view).

10-Apr-2020

Updated Section 3.6.5: Typical RF application schematic and
Section 6.3.10: External clock source characteristics.

Updated Table 16: STM32WB55xx pin and ball definitions and Table 54:
HSE crystal requirements.

Updated Figure 11: STM32WB55Vx UFBGA129 ballout(™ and Figure 14:
Power supply scheme (all packages except UFBGA129).

Minor text edits across the whole document.

17-Jun-2020

Introduced STM32WB55VY.

Updated Section 3.3.4: Embedded SRAM, Section 3.4: Security and
safety, Section 3.14: Analog to digital converter (ADC), Section 6.3.10:
External clock source characteristics and Section 8: Ordering
information.

Updated Table 1: Device summary, Table 2: STM32WB55xx and
STM32WB35xx devices features and peripheral counts, Table 26: RF
transmitter BLE characteristics (1 Mbps), Table 27: RF transmitter BLE
characteristics (2 Mbps), Table 65: Flash memory characteristics and
Table 77: ADC characteristics.

Updated Figure 10: STM32WB55Cx and STM32WB35Cx UFQFPN48
pinout @ Figure 11: STM32WB55Rx VFQFPN68 pinout"(?) and
Figure 17: Power supply scheme (UFBGA129 and WLCSP100
packages).

Updated footnote 5 of Table 15: Legend/abbreviations used in the pinout
table and footnote 8 of Table 16: STM32WB55xx pin and ball definitions.
Added footnote 3 to Table 16, footnote 2 to Figure 16, footnote 7 to
Table 86 and footnotes to tables 23, 30 and 33.

Added Table 55: HSE clock source requirements.
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Revision history
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Table 107. Document revision history (continued)

Date

Revision

Changes

02-Jul-2020

Added STM32WB35xx devices.

Updated Section 2: Description, Section 3.3.4: Embedded SRAM and
Section 8: Ordering information.

Updated Table 1: Device summary, Table 2: STM32WB55xx and
STM32WB35xx devices features and peripheral counts, Table 7:
Features over all modes and Table 106: Package thermal characteristics.
Added Table 17: STM32WB35xx pin and ball definitions and Table 19:
Alternate functions (STM32WB35xx).

Added Figure 2: STM32WB35xx block diagram, Figure 8:
STM32WB35xx - Power supply overview and Figure 50: STM32WB35xx
UFQFPN48 marking example (package top view),

Updated Figure 1: STM32WB55xx block diagram, Figure 4: External
components for the RF part, Figure 16: Power supply scheme (all
packages except UFBGA129 and WLCSP100), Figure 17: Power supply
scheme (UFBGA129 and WLCSP100 packages) and added footnote to
Figure 9: Clock tree.

Added footnote 1 to Table 8: STM32WB55xx and STM32WB35xx modes
overview.

23-Nov-2020

10

Updated Features, Section 3.15: Voltage reference buffer (VREFBUF)
and Section 3.28.2: Embedded Trace Macrocell™.

Updated Table 9: STM32WB55xx and STM32WB35xx CPU1 peripherals
interconnect matrix, Table 17: STM32WB35xx pin and ball definitions,
Table 26: RF transmitter BLE characteristics (1 Mbps), Table 27: RF
transmitter BLE characteristics (2 Mbps), Table 31: RF transmitter
802.15.4 characteristics, Table 50: Peripheral current consumption,
Table 54: HSE crystal requirements, Table 55: HSE clock source
requirements, footnote 2 of Table 57: Low-speed external user clock
characteristics and Table 86: Vg1 monitoring characteristics.

Added footnote 2 to Table 24, footnote 2 to Table 26 and footnote 2 to
Table 27.

Updated Figure 9: Clock tree and Figure 13: STM32WB55Vx UFBGA129
ballout").

Minor text edits across the whole document.

07-Apr-2021

11

Updated document title, Features, Section 1: Introduction, Section 2:
Description, Section 3.3.4: Embedded SRAM, Section 3.6: RF
subsystem, Section 3.6.2: BLE general description and Section 6.1.2:
Typical values, Section 6.3.10: External clock source characteristics.

Updated Table 2: STM32WB55xx and STM32WB35xx devices features
and peripheral counts, Table 16: STM32WB55xx pin and ball definitions,
Table 17: STM32WB35xx pin and ball definitions, Table 18: Alternate
functions (STM32WB55xx), Table 19: Alternate functions
(STM32WB35xx), Table 23: Main performance at VDD = 3.3 V, Table 50:
Peripheral current consumption, Table 53: Wakeup time using
USART/LPUART and Table 55: HSE clock source requirements.
Updated Figure 3: STM32WB55xx and STM32WB35xx RF front-end
block diagram, Figure 9: Clock tree, Figure 16: Power supply scheme (all
packages except UFBGA129 and WLCSP100), Figure 17: Power supply
scheme (UFBGA129 and WLCSP100 packages) and Figure 29: ADC
accuracy characteristics.

Removed former footnote 3 from Table 83: VREFBUF characteristics.
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, please refer to www.st.com/trademarks. All other
product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2021 STMicroelectronics — All rights reserved
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