‘_ STM32WL55xx STM32WL5
’l life.augmented

N
Multiprotocol LPWAN dual core 32-bit Arm® Cortex®-M4/M0
LoRa®, (G)FSK, (G)MSK, BPSK, up to 256KB Flash, 64KBSR

Features

Radio -l El

Ultra-low-power platform

Datasheetw data
2\

Frequency range: 150 MHz to 960 MHz -

Modulation: LoRa®, (G)FSK, (G)MSK and UFQFPN48
BPSK

RX sensitivity: —123 dBm for 2-FSK
(at 1.2 Kbit/s), —148 dBm for LoRa®
(at 10.4 kHz, spreading factor 12)

Transmitter high output power, programmable
up to +22 dBm
Transmitter low output power, programmable
up to +15 dBm

Compliant with the following radio frequency
regulations: ETSI EN 300 220, EN 300 113,
EN 301 166, FCC CFR 47 Part 15, 24, 90, 101 & True random number generator (RNG)

and the Japanese ARIB STD-T30, T-67, T-108 Sector protection against read/write operations
Compatible with Sigfox™ protocol, or other (PCROP, RDP, WRP)

proprietary protocols based on LoRa, (G e CRC calculation unit
(G)MSK or (D)BPSK modulations , L . , .
¢ Unique device identifier (64-bit UID compliant
with IEEE 802-2001 standard)
e 96-bit unique die identifier

UFBGA73
(5 x5 mm)

™
fr sh memory, frequency
, MBU and DSP instructions

S/ Dhrystone 2.1)

ortex®-M0+ CPU

1.8 V to 3.6 V power supplyy

_40 °C to +105 °C temperatu e Hardware public key accelerator (PKA)
Shutdown mode: 31 nA (VE% e Key management services

Standby (+ RTC) mode: e Secure sub-GHz MAC layer
360 nA (Vpp=3V) e Secure firmware update (SFU)
Stop2 (+ RTC) mode: @D =3V) ¢ Secure firmware install (SFI)
Active-mode M (MHz (CoreMark®)

Supply and reset management

Active-mod . -
o High-efficiency embedded SMPS step-down

converter
e SMPS to LDO smart switch

o Ultra-safe, low-power BOR (brownout reset)
with 5 selectable thresholds

¢ Ultra-low-power POR/PDR
¢ Programmable voltage detector (PVD)

Active-mod
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¢ Vgt mode with RTC and 20x32-byte backup System peripherals

registers . \
g ¢ Mailbox and semaphores for com i

®_ ®
Clock sources between Cortex~-M4 and Cortex 0+

firmware
e 32 MHz crystal oscillator
e TCXO support: programmable supply voltage Controllers
e 32 kHz oscillator for RTC with calibration * 2x DMA controller (7 ch

¢ High-speed internal 16 MHz factory trimmed supporting ADC, DAC,
RC (£ 1 %)
e Internal low-power 32 kHz RC

¢ Internal multi-speed low-power 100 kHz to
48 MHz RC

e PLL for CPU, ADC and audio clocks

Memories

o 256-Kbyte Flash memory
e 64-Kbyte RAM

o 20x32-bit backup register

¢ Bootloader supporting USART and SPI
interfaces

o OTA (over-the-air) firmware update capable
e Sector protection against read/write operations ¢ 1x independent watchdog

Rich analog peripherals (down to 1.62 V) i Ix window watchdog

e 12-bit ADC 2.5 Msps, up to 16 bits with Up to 43 I/0Os, most 5 V-tolerant
hardware oversampling, conversion ra up
to 3.6V Development support

e 12-bit DAC, low-power sample-and- e Serial-wire debug (SWD), JTAG

e 2x ultra-low-power compara{Qrs o Dual CPU cross trigger capabilities

\ All packages ECOPACK2 compliant

ble 1. Device summary

Reference\>§ Part number

ST STM32WL55CC, STM32WL55JC, STM32WL55UC
Mz Baxx ) ) STM32WL54CC, STM32WL54JC, STM32WL54UC
N
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STM32WL55/54xx Introduction

Introduction

This document provides information on the STM32WL55/54xx microcontrollers.

For information on the Arm®®@ Cortex®-M4 and Cortex®-M0+ cores, refer re
Cortex®-M4 Technical Reference Manual and to the Cortex®-M0+ Technica
Manual available from the www.arm.com website.

For information on LoRa®, refer to the Semtech website
(https://www.semtech.com/technology/lora).

L§Ra” ' sigFox

Description
The STM32WL55/54xx long-range wireles ultra-low-power devices embed a powerful
and ultra-low-power radio compliant LPWAN ra ion: LoRa® (only available in

STM32WL55xx), (G)FSK, (G)MSK, and BPSK.

These devices are designed to be extremely low-power and are based on the
high-performance Arm® Cortex®-M4 32-25%60 core operating at a frequency of up to
48 MHz. This core implements a full set of DSP instructions. It is complemented by an Arm
ores implement an independent memory protection unit

®
Cortex®-M0+ microcontroller. B

The devices also (r?lb d rotection mechanisms for embedded Flash memory and
SRAM: readout prot e-protection and proprietary code readout protection.

In addition, the S WL 4xx devices support the following secure services running on
Arm® Cortex-M@+: ot entry capable, secure sub-GHz MAC layer, secure firmware
e install and storage and management of secure keys.

imer and three 16-bit ultra-low-power timers.

evices also embed two DMA controllers (7 channels each) allowing any transfer
n between memory (Flash memory, SRAM1 and SRAM2) and peripheral, using

%th MUX1 for flexible DMA channel mapping.

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

DS13293 Rev 1 11/147




Description STM32WL55/54xx

e inter-processor communication controller (mailbox) and semaphores for
communication between the two Arm® Cortex®-M cores
e two USART (supporting LIN, smartcard, IrDA, modem control and 1ISO781

e one low-power UART (LPUART)
e three 12C (SMBus/PMBus)
e two SPIs (up to 16 MHz, one supporting IZS)

The operating temperature/voltage ranges are —40 °C to +105 °C (
a 1.8 V to 3.6 V power supply. A comprehensive set of power-savin
design of low-power applications.

The devices integrate a high-efficiency SMPS step-down co
supplies for ADC, DAC and comparator analog inputs.

A Vg1 dedicated supply allows the LSE 32.768 kHz ostiflat € and the backup
registers to be backed up. The devices can maintain ghese fupctions even if the main Vpp is
not present, through a CR2032-like battery, a superc r a smal/rechargeable battery.

Table 2. Main features and pe@y t

Foat STM32WL55 \ S YWL55JX STM32WL55Ux
eature
STM32 I\4Cx 32WL54Jx STM32WL54Ux
CPU N7 At grtex-M4 and Cortex-Mo
Maximum CPU frequency (MHz) Z/ 48
Flash memory density (Kbytes) /> 256
SRAM density SRAM1 % 32
(Kbytes) SRAM2 32

LoRa Q\\% Available on STM32WL55xx devices.

Not available on STM32WL54xx devices
Radi (G)FSK @\
adio >
Gmsk & /\\\,

BPSK

Yes

NP4
Low outp W
15 dBm)

Radio PA Yes
High ut po (up to
)
\‘é@er;l\g\h)rpose 4
Timer O Lo 3

Qs |

Q

[
. Devices with suffix 6 operate up to 85 °C. Devices with suffix 7 can operate up to 105 °C except radio.

/14 DS13293 Rev 1 ‘Yl
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STM32WL55/54xx

Description

Table 2. Main features and peripheral count (continued)

Feat STM32WL55Cx STM32WL55Jx STM3
eature
STM32WL54Cx STM32WL54Jx STM32WL54Ux
p

SPI/I%S 2 (1 supporting 12S) /'/\\ \
2

Communication I“C 3 K\ \\\/

interface USART 2 //\\ \J/
LPUART A0 |l A
Independent 1

Watchdog \ \\//
Window

RTC (with wakeup counter)

DMA (7 channels)

Mailbox and semaphores

AES 256 bits \ M
RNG 1

PKA \\ \\\h
PCROP, RDP, WRP N N

CRC U

64-bit UID compliant with
IEEE 802-2001 standard

Security -

96-bit die ID 1

Wi

Storage and

management of secure 1

keys /\(/\

/\V

Secure sub-GHz MAC 1

layer RN

Secure flrn@are uk@et\e >) 1

Secure flwf‘e\ﬁla\\l\-‘ 1
Tamper pins 2,\\ \> 3 3 2
Wakeup pins \ \/ 3 3 2
GPIOs QW 29 43 22
ADC (number of chagnefs-oxt> it 1(9 +4) 1(12 + 4) 1(8 +4)
DAC (number o@hM\ >> 1(1)
internal VREFBUES\ O\ N5 No Yes No
Analog compa \> 2
Operating?)/lé\ge \ 1.8t036V
Ambien},{;ﬁéraﬁs@perature -40 °Cto +85 °C
Jpctioh terfpergiure —40 °C to +105 °C

Cy UFQFPN48 UFBGA73

Ra“k\ax% (7x7 mm) (5x5 mm) WLCSPS9

Y,

DS13293 Rev 1
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Description STM32WL55/54xx

Figure 1. STM32WL55/54xx block diagram
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STM32WL55/54xx Functional overview

3 Functional overview

3.1 Architecture

The devices embed a sub-GHz RF subsystem that interfaces with a generic
subsystem using an Arm Cortex-M4 (called CPU1) and an Arm Cortex-MQ+

An RF low-layer stack is needed and is to be run on CPU1 or CPU2, whe
application code is preferably run on CPU1.

The RF subsystem communication is done through an internal SPI i ace

All secure code must be run by CPU2.

3.2 Arm Cortex-M cores
With its embedded Arm cores, the STM32WL55/54xx\devices ar mpatible with all
Arm tools and software.

Figure 1 shows the general block diagram of th /54xx devices.

Arm Cortex-M4

The Arm Cortex-M4 is a processor for emb st
a low-cost platform that meets the needs of MCU
and low-power consumption, while delivering outs

an advanced response to interrupts.

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

s. It has been developed to provide
ementation, with a reduced pin count
ding computational performance and

This processor supports a se SP ingtructions that allow efficient signal processing and
complex algorithm executig

Arm Cortex-M0%)

The Arm Cortex- i ntry-level processor for embedded systems. It has been
developed to pro west.power consumption in the Cortex-M family, while delivering

good computati ce and response to interrupts.

e
-MO bit RISC processor features good code-efficiency with ultra-low

The Arm Co

power con il the memory size usually associated with 8-bit and 16-bit devices.
3.3 A@ i I-time memory accelerator (ART Accelerator)

The\ART lerator is a memory accelerator that is optimized for STM32 industry-standard

r rtex-M4 processor. The ART Accelerator balances the inherent performance
van of the Arm Cortex-M4 over Flash memory technologies, that normally require the
or to wait for the Flash memory at higher frequencies.

p
(7 %Iease the processor near 60 DMIPS performance at 48 MHz, the ART Accelerator

ements an instruction prefetch queue and branch cache, that increases the program
execution speed from the 64-bit Flash memory. Based on CoreMark benchmark, the

DS13293 Rev 1 15/147
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Functional overview STM32WL55/54xx

3.4

3.5

3.5.1

performance achieved thanks to the ART Accelerator is equivalent to 0 wait state prog
execution from Flash memory at a CPU frequency up to 48 MHz.

Memory protection unit (MPU)

The memory protection unit (MPU) is used to manage the CPU1 and CPUZ
memory, to prevent one task to accidentally corrupt the memory or re
other active task. This memory area is organized into up to eight prot
turn be divided up into eight subareas. The protection area sizes
the whole 4 Gbytes of addressable memory.

MPU, the RTOS can detect it and take action. In an RT
dynamically update the MPU area setting, based on

s th

The MPU is optional and can be bypassed for applica

Memories

Embedded Flash memory

The Flash memory interface manages the accesses from CPU1 AHB ICode/DCode and
CPU2 AHB Sbus to the Flash memory. It implements the access, the erase and program
Flash memory operations, and the read apidt write protection.
The main features of the Flash memory are listed below:
e Memory organization: 1 b

— main memory: up t 6 K

—  page size: 2 Kbytes

plus 8 ECC bits)
e  72-bit wide déz it plus 8 ECC bits)

e Page erase

Flexible protecti be.configured thanks to option bytes:
e Readout protecti P) to protect the whole memory. Three levels are available:
dout protection

: ory readout protection. The Flash memory cannot be read from or
o if either debug features are connected, boot in SRAM or bootloader is

veM2: chip readout protection. Debug features (JTAG and serial wire), boot in
M and bootloader selection are disabled (JTAG fuse). This selection can only

3
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STM32WL55/54xx Functional overview

Table 3. Access status versus RDP level and execution mode (B
Debug, boot from SRAM oféa\\(\\om\
r

User execution
Area RDP system memory (load

level D
Read Write Erase Read Write /— Era A\/
N
1 Yes Yes Yes No No \\ \{QK‘ Y
Main memory
2 Yes Yes Yes NA m Uﬁ(
System memory 1 Yes No No Yes <\\)No \\ /7 No
2 Yes No No NA \QA \\/ NA

1 Yes Yes Yes Yes f %\X Yes

Option bytes 5 Ves No™) No() NA \\ \f\l\%\) NA

1 Ye Ye NA) NoO~ NA®2)
Backup registers i e / \, Ulé
2 Yes Yes NA <\\,NA(/‘ \ NA NA

1 Yes Yes Yes(®) \Qo C:/ No No(?
2 Yes Yes Yes /7 N«Q NA NA

1. The option byte can be modified by the sub-GHz radio. v
2. Erased when RDP changes from Level 1 to Level 0.

e  Write protection (WRP): the protected area is ected against erasing and
programming. Two areas can be selected, witfy4-Kbyte granularity.

e  Proprietary code readout protection (RCROP): two parts of the Flash memory can be
protected against read and write frogfythird parties. The protected area is execute-only:
it can only be reached by the STM32 CPU1/2, as an instruction code, while all other
accesses (DMA, debug a U1/2 data read, write and erase) are strictly prohibited.
Two areas can be select byte granularity. An additional option bit
(PCROP_RDP) is used t ct if the PCROP area is erased or not when the RDP
protection is change 1 to Level 0.

SRAM2

A section of the Fl@h m be secured for CPU2, and, in that case, cannot be
accessed by CPU1.

The whole non-vo %y embeds the error correction code (ECC) feature supporting:
e single erro or/and correction

tettion
e double error ion
0 fail can be read in the FLASH_ECCR register

sh memory is shared between CPU1 and CPU2 on a time sharing basis.
are mechanism allows both CPUs to suspend write/erase operations.

M1: up to 32 Kbytes mapped at address 0x2000 0000
AM2: up to 32 Kbytes located at address 0x2000 8000 (contiguous to SRAM1), also

O % mirrored at 0x1000 0000, with hardware parity check (this SRAM can be retained in
\ Standby mode)

DS13293 Rev 1 17/147
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3.6 Security memory management
The devices contain many security blocks both for the sub-GHz MAC laye e\Ho
application, such as:
e securable RNG

e customer keys storage

e secure Flash memory partition for CPU2 only access

e secure SRAM partition, that can be accessed only by CP
e  securable sub-GHz radio sub-system

e securable DMA channels

e securable AES: 128-and 256-bit AES, supporting , /GCM, GMAC and
CCM chaining modes

. securable PKA:

—  modular arithmetic including exponentjation
3136 bits

— elliptic curves over prime field scalar
verification with maximum modul6size o

e cyclic redundancy check calculation urjt

The SRAMs can be accessed in read/write with 0 wait states for all CPU1/2 clock spg

aximum modulo size of

, ECDSA signature, ECDSA

3.7 Boot modes
At startup, BOOTO pin and BOOT1 optio%t are used to select one of the following boot
options:
e  Boot from user Flash m ry
e  Boot from boot system me (where embedded bootloader is located)
e  Boot from embedde
e Boot from sys@ m ere the embedded SFl is located)

ble to download code from USART or SPI.

The bootloader .

3.8 Global Trus e controller (GTZC)

The GTZGins following sub-blocks:
. w2 \(%Z one security controller
O ck defines the secure/privileged state of slave peripherals. It also controls
rivifeged area size for the watermark memory peripheral controller (MPCWM).
oN\\TZICyustZone illegal access controller

sub-block gathers all illegal access events in the system and generates a secure

interrupt towards the secure CPU2 NVIC.
/14 DS13293 Rev 1
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These sub-blocks are used to configure TrustZone system security and privilege suc

e on-chip Flash memory and RAM with programmable privileged protection o
secure and non-secure memory areas

e AHB and APB peripherals with programmable security and/or privileged accéss

3.9 Sub-GHz radio @

3.91 Introduction

The sub-GHz radio is an ultra-low-power sub-GHz radio operating in the\{50 0 MHz ISM

band. LoRa, (G)FSK/(G)MSK modulation in transmit and recg
only, allow an optimal trade-off between range, data rate and

GHz radio is compliant with the LoRaWAN® specificatio sqd.radi
including ETSI EN 300 220, EN 300 113, EN 301 166, F pa
the ARIB STD-T30, T-67, T-108.

The sub-GHz radio consists of:

e an analog front-end transceiver, capable of/GutpQ to + 15 dBm maximum power
on its RFO_LP pinand up to + 22 dBm m & POV n RFO_HP pin
e adigital modem bank providing the followingngredulation schemes:
— LoRa Rx/Tx with bandwidth (BW
5-12, bit rate (BR) from 0.013 to™7.

— FSKand GFSK Rx/Tx with BR from 0.6
— (G)MSK Tx with BR from 0 to 10 Kbit/s
— BPSK and DBPSK TX only witﬁtrate for 100 and 600 bit/s
e adigital control including all data processing and sub-GHz radio configuration control
e a high-speed clock gener:

real bitrate)

ignal events. BUSY information signals operation activity and is

set of interrupts
used to indicate Sb\v&j

3.9.2 General description
The sub-GHz radi%Z)rovi ‘!3 rnal processing unit to handle communication with the
system CPU. Com andled by commands sent over the SPI interface, and a

the

-GHz radio commands cannot be received.

S
XN
~

Q
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The block diagram of the sub-GHz radio system is shown in the figure below.

Figure 2. sub-GHz radio system block diagram

a\

N

VDDPA Sub-GHz radio \/
VR_PA
< | SU ZSPI
FSK >
RFO_HP modem %N
RFO_LP ( Intehlk)s o
RFI_P Sub-GHz Radtio | Data \)\‘/7
RF frontend contro and - HSE
RFLN ] oR cont N A4
oRa
N
PB0O_VDDTCXO modem DN BYPPWR
0SC_IN (note)
_ || /—\ . ERDY
0OSC_OuT J,| | HSE32 (Y J—~_T1hse32
AS 7 AN >
VY V ) )
Note: LoRa modem is only available on STM32WL55xst {ces. Cﬂ MSv62614V1

\

3.9.3 Transmitter

The transmit chain comprises the modulat
modulates the RF-PLL. An optional pre-filt
the power in the adjacent channel also dependen
modulated signal from the RF-PLL directly drives
output power PA (LP PA).

Transmitter high output power

e modem, that directly
it stream can be enabled to reduce
e selected modulation scheme. The
high output power PA (HP PA) or low

Transmit high output power up dBm, is supported through the RFO_HP RF pin.

&
S
N

S
2

Q
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For this, the REG PA must be supplied directly from Vpp on VDDSMPS pin, as showni
figure below.

The output power range is programmable in 32 steps of ~ 1 dB. The power amplifier
ramping timing is also programmable.This allows adaptation to meet radio regulation

requirements.
Figure 3. High output power PA Q

~ ~\ \/
LDO mode SMPS(modq
VDD VDD
VDDSMPS (1.8 to 3.6V) VDDSMPS
l
|
IVLXSMPS
LDO/SMPS ! LDO/@
FLIVFBSMPS (1.55V) /\ A
T T =~ T I
} Voo = } Voo =
|
mVDDPA T ‘-l,__|\'/DDPA T
| i NV |
|
REG H‘_'VR_PA (up to 3.1V) ﬁ '_I_IVR_PA (up to 3.1V)
PA Ll 1 A el 1
} < G\/ <
}RFO_HP
(]
|

Note: Use of the SMPS is optional. When SMPS is no@d, the BOM can be reduced by removing the coil
between VLXSMPS and VFBSMPS pins. MSv62616V2

The table below gives the max{mu nsmit output power versus the Vpppp supply level.

Table 4, Sub( adio transmit high output power

VpopPa supza%y (V)&& \ Transmit output power (dBm)

+22
+20
+19
+16

t
ps supply at 1.55 V, as shown in the figure below.

h
eo t power range is programmable in 32 steps of ~1 dB. The power amplifier ramping
@ ti also programmable.This allows adaptation to meet radio regulation requirements.

DS13293 Rev 1 211147

Y,
N



Functional overview

STM32WL55/54xx

3.94

3.9.5

Figure 4. Low output power PA

VDD

VDD

LDO/SMPS

| SMPS mode Q

REG
PA

Note: Use of the SMPS is optional. When SMPS is not u
between VLXSMPS and VFBSMPS pins.

VLXSMPS
|
|
FLYFBSMPS (1.55V)
L 1
\ L
| =
| VDDPA
—
‘ bl
|
|
I'VR_PA (up to 1.35V)
i
= 1L
| €T
| =
'RFO_LP

P

HH

%

Receiver

The receive chain comprises a differential low-n
low-IF by mixer operation in quadrature configurati

done according to the selected modulati

frequency, f; is the received s

scheme.

e an duced by removing the coil
MSv62617V2

plifier (LNA), a down-converter to

. The I and Q signals are low pass
filtered and a ZA ADC converts them into the digital domain. In the digital modem, the
signals are decimated, further down conﬁed and channel filtered. The demodulation is

¢ is the intermediate frequency). The wanted signal

The down mixing to low-IF is d mixing the receive signal with the local RF-PLL
located in the negative frequeqgy, -fio = -fy + -fir. (where fi, is the local RF-PLL
an

is located at f; = fig + fis.

The receiver featu? auto
calibration is done

by command.

The receiver su

=

a ‘%uv Al

, (G)MSK and (G)FSK modulations.

@ and Q calibration, that improves image rejection. The
startup before using the receiver, and can be requested

s the frequency synthesizer for the generation of the local oscillator
both transmit and receive chains. The RF-PLL uses auto calibration and
SE32 reference. The sub-GHz radio covers all continuous frequencies in

DS13293 Rev 1
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3.9.6 Intermediate frequencies

The sub-GHz radio receiver operates mostly in low-IF configuration, except for s
bandwidth settings.

Table 5. FSK mode intermediate frequencies

(XY
Setting name Bandwidth (kHz) \Q\QZ) \\
~—"

RX_BW_467 467.0
RX_BW_234 234.3
RX_BW_117 117.3

RX_BW_58 58.6 ( (] 250
RX_BW_29 293 \\ 5

RX_BW_14 14.6 (m)/«
]

RX_BW._7 7. &\V >

RX_BW_373 3736
RX_BW_187 ( @7\2\\\\
RX_BW_93 A \@8\ ) )
RX_BW_46 [ PO\ 469 200
RX_BW_23 N \2;\4(/
RX_BW_11 Y%,
RX_BW_5 /7 5.8
RX_BW._312 v 312.0
RX_BW._156 Q 156.2

RX_BW._78 Q\ N 78.2
RX_BW_39 /0 39.0 167
RX_BW_ 19\\ \)) 19.5

RX BN 97

/>
4.8
&\\Y@,ble 6. LoRa mode intermediate frequencies
Bandwidth (kHz) ;¢ (kHz)
<7 \K@?)aw 500 500 0
_BW_250 250
Q\& \LbRA BW_125 125 250
< \ LORA_BW 62 62.5
LORA BW_41 41.67 167
O ,% LORA_BW_31 31.25 250
%ﬁ LORA_BW_20 20.83 167
\3/ DS13293 Rev 1 23/147
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Table 6. LoRa mode intermediate frequencies (continued) (B
Setting name Bandwidth (kHz) fif(kI}z):\\

LORA BW_15 15.63 250 \\
LORA_BW_10 10.42 A \V)

LORA BW 7 7.81 \\@) \\ 7
AN/

3.10 Power supply management

N

MPS). The SMPS
s LDO and
and only the power

can be optionally switched-on by software to improve the poyé
SMPS operate in parallel, the SMPS switch-on is transparent t
efficiency is affected.

3.10.1 Power supply schemes

The devices require a Vpp operating voltage supp and 3.6 V. Several

independent supplies (Vppsmpes: VEesmps: Vbia DR be provided for specific
peripherals:
(] VDD=18VtO36V

Vpp is the external power supply for t the, system analog blocks such as reset,
power management, internal clocks and low= r regulator. It is provided externally
through VDD pins.

L] VDDSMPS =18Vto3.6V

Vbpswmpes is the external power suppfy/for the SMPS step-down converter. It is provided
externally through VDDSMPS supply pin and must be connected to the same supply as

L] VFBSMPS =1.45Vto 1. (1 . typlcal)

VEgsmps is the exter upply for the main system regulator. It is provided
externally through V| pin and is supplied through the SMPS step-down
converter. ()

e Vppa=0Vto3. Inimum voltage is 1.71 V without buffer and 1.8 V with
buffer. CO d inimum voltage is 1.62 V. VREFBUF minimum voltage is
24YV)

Vppais the € arahalog power supply for A/D converters, D/A converters, voltage
referen ffer, comparators. The Vppp voltage level is independent from the Vpp

r-up and power-down limitations below) and must preferably be
pp When these peripherals are not used.

to3.6V

. O D 3
ah external power supply for the radio. It is provided externally through the
VD in and must be connected to the same supply as Vpp.
RF1V5 — 1.45Vto1.62V
VidRE1vs IS an external power supply for the radio. It is provided externally through the
DRF1V5 pin and must be connected externally to VFBSMPS.

O ¢))Vgar=1.55Vt03.6V

Vgar is the power supply for RTC, TAMP, external clock 32 kHz oscillator and backup
registers (through power switch) when Vpp is not present.

/14 DS13293 Rev 1 ‘7]
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e VREF-, VREF+

Vger+ is the input reference voltage for ADC and DAC. It is also the output

internal voltage reference buffer when enabled.
—  When Vppa <2V, Vggp+ must be equal to Vppa.

—  When Vppa 2 2V, VReg+ must be between 2 V and Vppa.

Vgrep+ can be grounded when ADC/DAC is not active. The internal voN
buffer supports the following output voltages, configured with VR

VREFBUF_CSR register:
—  VRer+ around 2.048 V: this requires Vppp 22.4 V.

—  VRgf+ around 2.5 V: this requires Vpppa 2 2.8 V.

1.

Figure 5. Power sup

external decoupling
this transient phase.

y Vsw /H4'-J] Vear
° r V
N 1 I DD
S POR [ 1" Vbpsmps
LDO/SMPS Viceurs
O @ FW mode
—— I mode
Q VDpRF1VS
LPR%} MR T T
@ RFLDO ) )
w \V/
R MAIN
x Vekp lVRF
P Py
o
L e e r o o
Vboo VVDDI

MSv50973V1
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The different supply configurations are shown in the figure below.

ks

! N v>
i § - - /
Vbpsmps j Vopswps Q
Vixswes LDO/SMPS Vixswps LDO/SMPS |
VEssmps ) % Vesswes L T N ’
‘ § ] VDbRF1VS \l>
MR LPR | | == MR LPR
RF N f*&*’>
LDO 3
| 4
LDO/SMPS supply LD@;%pply
| MSv50974V1

Figure 6. Supply configurations f\\

Note:

Q

The LDO or SMPS step-down converter operating mo \boe configured by one of the

following:

e by the MCU using the SMPSEN setti
depends upon the MCU system operating

e by the sub-GHz radio using SetRegulatorMgdge () command and the sub-GHz radio
operating mode (Sleep, Calibrate, Standby, ndby with HSE32 or Active).

After any POR and NRST reset, the LDO Mmode is selected. The SMPS selection has priority
over LDO selection.

While the sub-GHz radio is in with HSE32 or in Active mode, the supply mode is
not altered until the sub-GHz Standby or Sleep mode. The sub-GHz radio
activity may add a delay for en the MCU software requested supply mode.

The LDO or SMPS supp s. e checked with the SMPSRDY flag in power status

register 2 (PWR_§R2).
When the radio i i supply mode is not changed until after the radio activity is
finished.

During Stop 1, tandby modes, when the sub-GHz radio is not active, the LDO
or SMPS step<down verter is switched off. When exiting low-power modes (except
Shutdown), th P3 )step-down converter is set by hardware to the mode selected by the

SMES ‘ﬂs ontrol register 5 (PWR_CR5). SMPSEN is retained in Stop and
Spgmiteses

om the MCU software selected supply operating mode, the sub-GHz radio

Inde
all ply mode selection while the sub-GHz radio is active (thanks to the sub-GHz
r SetRegulatorMode ()command).

em

WR ol register 5 (PWR_CR5), that
un, Stop, Standby or Shutdown).

um load current delivered by the SMPS can be selected by the sub- GHz radio

Z_SMPSC2R register.
%inrush current of the LDO and SMPS step-down converter can be controlled via the

- GHz radio SUBGHZ_PCR register. This information is retained in all but the sub-GHz

Xradio Deep-sleep mode.

/14
~
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3.10.2

3.10.3

switch off the SMPS and enable the LDO. The SMPS clock detection is enable
GHz radio SUBGHZ_SMPSCOR.CLKDE. By default, the SMPS clock detection

and must be enabled before enabling the SMPS. ((\
Danger: Before enabling the SMPS, the SMPS clock detecti w

R. DE.

/7

enabled in the sub-GHz radio SUBGHZ_SM@ K
v

Brownout reset

Power supply supervisor
The devices integrate a power-on reset/power-down res
(BOR) circuitry.

BORO level cannot be disabled. Other BOR levels c
enabled, BOR is active in all power modes except in S

ftiom by

During power-on, BOR keeps the device under rese
the specified VgoRry threshold:

e When Vpp drops below the selected thye

e When Vpp is above the Vgory upper limit, the
can start.

enabled by user option. When
dow.

Five BOR thresholds can be selected through

e supply voltage Vpp reaches

evice reset is generated.
ice reset is released and the system

The devices feature an embedded PVD grammable voltage detector) 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 servic can then generate a warning message and/or put
the MCU into a safe state.

The PVD is enabled by soffwars an be configured to monitor the Vpp supply level
needed for the sub-GHz % ation. For this, the PVD must select its lowest threshold,
and the PVD and thé wakelp be enabled by the EWPVD bit in PWR_CR3 register.
Only a voltage drop b PVD level generates a wakeup event.

In addition, the d embed a PVM (peripheral voltage monitor) that compares the
independent su \4 ppa With a fixed threshold to ensure that the peripheral is in its
functional su

lyr

ife monitor provides information on the Vpp supply when Vpp is too
-GHz radio. When reaching the EOL level, the software must stop all
gafe way.

ircuitry and the Backup domain. The main regulator (MR) output voltage (VcoRrg)
rogrammed by software to two different power ranges (range 1 and range 2), to

DS13293 Rev 1 271147
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When MR is used, a dynamic voltage scaling is proposed to optimize power as

e range 1: high-performance range m
The system clock frequency can be up to 48 MHz. The Flash memor % for

The voltage regulators are always enabled after a reset. Depending on the applicati
modes, the Vcorg supply is provided either by the main regulator or by the low-p
regulator (LPR).

low

read access is minimum. Write and erase operations are possibl v

e range 2: low-power range
The system clock frequency can be up to 16 MHz.The Flash ory acgessg’time for a
read access is increased as compared to range 1. Write and er: ope ns are
possible.

3.10.4 VBAT operation

The VBAT pin is used to power the device Vgat domai
from an external battery, an external super-capacitor,
nor an external super-capacitor are present. Three anti
in VBAT mode.

T and backup registers)
rom Vpp/When no external battery
ection pins are available

VBAT operation is automatically activated whe

An internal Vgt battery charging circuit is
present.

Note: When the microcontroller is supplied only from Vg
alarm/events do not exit it from VBAT operation.

%

xternal interrupts and RTC

3.11 Low-power modes
The devices support several law-po odes to achieve the best compromise between
low-power consumption, sho up tithe, available peripherals and available wakeup
sources.

By default, the mic@cont @ Run mode, range 1, after a system or a power-on reset.
It is up to the user to cteneof the low-power modes described below:

e Sleep mod U off, all peripherals including CPU core peripherals (among
them NVIC iek) run and wake up the CPU when an interrupt or an event
occurs.

e Low-p run de (LPRun): when the system clock frequency is reduced below

s executed from the SRAM or from the Flash memory. The regulator
in(léw-powermode to minimize the operating current.

. (7 Low<pawer sleep mode (LPSleep): entered from the LPRun mode.

o p.0 argd Stop 1 modes: the content of SRAM1, SRAM2 and of all registers is
retained; All clocks in the Vcorg domain are stopped. PLL, MSI, HSI16 and HSE32 are

abled. LS| and LSE can be kept running.
% can remain active (Stop mode with RTC, Stop mode without RTC). The sub-GHz

io may remain active independently from the CPUs.

O Some peripherals with the wakeup capability can enable HS116 RC during the Stop
\ mode to detect their wakeup condition.

Stop 1 offers the largest number of active peripherals and wakeup sources, a smaller
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same as in Stop 1 mode that uses the low-power regulator.

The system clock, when exiting Stop 0 or Stop 1 mode, can be either 48
or HS116, depending on the software configuration.
Stop 2 mode: part of the Vcore domain is powered off. Only SR PUs

and some peripherals preserve their contents (see Table 7).

All clocks in the Vo org domain are stopped. PLL, MSI, HSI16 SEBP apédisabled.

LSI and LSE can be kept running.

RTC can remain active (Stop 2 mode with RTC, Stop 2 modew

GHz radio may also remain active independent from th

Some peripherals with the wakeup capability can en

mode to detect their wakeup condition (see Table

The system clock when exiting from Stop 2 mo

HSI16, depending on the software configuration.

Standby mode: Vore domain is powered of er, it is possible to preserve the

SRAM2 content as detailed below:

—  Standby mode with SRAM2 retention
register 3 (PWR_CR3). In this ¢
regulator.

—  Standby mode when the RRS bit is clea
(PWR_CRQ). In this case the main regul
powered off.

All clocks in the Vcore domain are gézped. PLL, MSI, HSI16 and HSE32 are disabled.
LSl and LSE can be kept running.

Th RTC can remain active by mode with RTC, Standby mode without RTC). The
sub-GHz radio and the B o remain active when enabled independent from
the CPUs. In Standby mo e PVD selects its lowest level.

The system clock, tandby modes, is MSI at 4 MHz.

Shutdown mée: ain is powered off. All clocks in the Vcorg domain are
stopped. PLL, | and HSE32 are disabled. LSE can be kept running. The
system clociCwhien ing the Shutdown mode, is MSI at 4 MHz. In this mode, the
supply voltgge
case of a p

wakeup time but a higher consumption compared with Stop 2.
In Stop 0 mode, the main regulator remains on, resulting in the fastest wakeyptinged
with much higher consumption. The active peripherals and wakeup sourceg @rethe

t RTC). The sub-

bit is set in the PWR control
pplied by the low-power

the PWR control register 3
r and the low-power regulator are
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The table below summarizes the peripheral features over all available modes. Wake
capability is detailed in gray cells.

Table 7. Functionalities depending on system operating mode(")

D)

Stop0 | Stop1 | Stop2 Standb?/%w)\%
1 @
o = = = :
e | S| o o o ) -
Peripheral 58| 2|3 g 8 g <) s |2
% |5 e |- 8|- 8|- SNV V S | >
Qo Q o o Q
=] =] =] > =]
Q () () Q ()
1 E s NV 2
g s | /B g
CPU1 Y|R|[Y|R|R -|R -]|R \ \\ Moo - -
CPU2 Yy|rR|Y|R|R - - (R\\/\ =729 I
Sub-GHz radio system olo|lo|lo]oOo O @\?O Vcﬁ)o o | - - -
2
Flash memory v |0@|o® o® R ) _ C:j R ) R _ R
(256 Kbytes) @) h
Flash memory interface Y|Y|Y|Y|R - %\ - \R\> - - - - - -
SRAM1 Y [0®] v [0@] R AR >R - - oo o]
SRAM2 v [0@] v [0@] R I RR | R o - | . - |-
Backup registers Y|Y|Y]|]Y|R - R>/ - R - R - R
Brownout reset (BOR) Y|Y|Y |Y]|Y /l( N Y|Y Y |Y Y - - -
Programmable voltage G) A6G)| ) )
detector (PVD) olojlo|o]o % o o|o o0 |o® o
Peripheral voltage monitor =
(PVM3) olo|o <o\§ olo olo ol - - |- - |-
DMAX (x = 1, 2) 0|0 ee_R - |R - |- -] -] - |-
DMAMUX1 oo Qo \{)) R -|rR |- -]- -1- =-]-
High-speed internal (HSI16) | O @\ ﬂ o® - |o® - |o® - | - - | - = -
High-speed external (HSE32) <§)/< 0 Qg oMo - oM - oD - |o® - | . - |-
Low-speed internal (LSI) Q olo -|o -|lo -|lo -|- - |-
Low-speed external (LSE) Q (0] O|0O0]|O - o - 0] - (0] - (0] - (0]
Multi-speed interna/l\(MS}«)'\% olololo -Jo -Jo -|- -|- - ]-
Clock security sz/%tém\{ﬁQS) /\? O|0O|O|R - |R - |- - |- ~-/]- - |-
Clock security syst@N@L\S\E;/O olololo o|lo olo o|lo ol - - |-
RTC/auto wake/@ x lololo|lo|lo olo olo olo oo o |o
Number OWM 3/3[3[3]3 o|[3 o|3 o3 o|3 o |3
USARTX (b2 7 o|lo|o]|o0|0o®o®o® o® . .. .. |
Lﬂv-poé@m\(EﬁUARﬂ) o|lo|o|o|o® o®o® o®|o® o® . - | - - .
26Xes 1,2/ olo|o]|o[0®o®o®o® . .. . . |.
olol o] o |o® o9 o® o®|o® o®©| . - - - -
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Table 7. Functionalities depending on system operating mode(!) (continued)

Stop0 | Stop1 | Stop2 | Standby | Shutdown §
z z z zl U2
c o = = = = =
=lgls1e| 2| %| 3| % 2
Peripheral I B I o o o
» |5 e |- 8| .- 8- 8|. S}~ >
o o o
=} =} =)
= = =aVE| s
SPI1 olojl]o|O|R -|R =-|- - \\\ - \// -
SUBGHZSPI olojofo|lrR -|rR -|-/—0\|- - |-
SPI2S2 olo|o|O|R -|R -|- \\\ \ N
ADC olojo|o|RrR -|R -/ - - |-
DAC oOlo|o[O0|R - |R & >- N\ - - - -
VREFBUF O] O (0] O] O - @) - R = - - - - -
COMPx (x = 1, 2) ololo|lo]o o /@\Q\o e
Temperature sensor O|O0O| O] 0O]|R - \Q\ = \V 5 - - - - -
TIMx (x = 1, 2, 16, 17) 0lo|0|0|R (N R 72N N R
LPTIM1 olo|lo]lo|lo B M o o - -|- - 1-
LPTIMx (x = 2, 3) olololo]lo oo Z/é A T I
Independent watchdog
(IWDG) Oj]O0O|]O0O|]O]|O y 0O OO O|O O] - - -
Window watchdog (WWDG) O] 0] O0O]|]0O|R = R = R - - - - - -
SysTick timer oO|o| O (O\\R\ -/ R - | R - - -] - - -
True random number o o0 N \ ]
generator (RNG) (10) | 0) //RQ\KbR R e T
AES hardware accelerator % 0] Q y) R - R - - = - = - - -
PKA hardware accelerator (0] Q b\/é R = R o - 5 - - - - R
/\v/\
CRC calculation unit plot|o|rR -[R -|R -[- |- - |-
IPCC oJRYO[RIR -|R -[R - |- -|- - [-
HSEM 0 %7 o|lrR|R -|RrR -[|- |- -1- - 1-
GTZCTZSC  n f~OIR|[O|R|R -|R -|R -[- -]- - [-
GTZC TZIC \‘\ O|rR[O[RIR -|R -[R - |- -] - - |-
EXTI O ~NJo|o|o|o|rR Oof[R O|R Of- -[- - |-
\> 3
GPIOs ololo|lo|o o|o o|o olf oo pins | -
(12)
Yo
% enabled). O = Optional (disabled by default and can be enabled by software). R = data retained.
ilablg )Gray cells indicate wakeup capability.
k can be gated on or off.
ry can be placed in power-down mode.
DS13293 Rev 1 31147
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10.
1.
12.
13.

The SRAM2 content can optionally be retained when the PWR_CR3.RRS bit is set.

Only when the sub-GHz radio is active.

the peripheral, and only feeds the peripheral that requested it. HSI16 is automatically put off when the peripherahd
need it anymore.

HSE32 can be used by sub-GHz radio system.

USART reception is functional in Stop 0 and Stop 1 modes. LPUART1 reception is functional is Stop 0, Stop
modes. LPUART1 generates a wakeup interrupt on Start address match or received frame event.

I12Cx (x= 1, 2) address detection is functional in Stop 0 and Stop 1 modes. 12C3 address detection|is functiopal in Stop 0,
Stop 1 and Stop 2 modes. I12C3 generates a wakeup interrupt in case of address match.

Voltage scaling range 1 only.
I/Os can be configured with internal pull-up, pull-down or floating in Standby mode.
The 1/0s with wakeup from Standby/Shutdown capability are PAO, PC13 and PB3.

I/Os can be configured with internal pull-up, pull-down or floating in Shutdown mode, but the

atjon is lost when

Mode name Entry

exiting the Shutdown mode.
Table 8. Low-power mode sum%ry
[
Voltage

Wakeup Wake regulators
el ect on clocks
source system k >

AN

MR | LPR

Sleep WFI or return CPU clock OFF
(Sleep-now or | from ISR
Sleep-on-exit) [ \wWrE Wakeup event or analog clock sources

Any interrupt Same as beforg

entering Sleep A No effect on other clocks | ON | ON

LPRun Set LPR bit Clear LPR bit Samﬁ LPRun None OFF | ON

cloc

LPSleep from ISR

Set LPR bit +

WFlorreturn | Any interrupt §$ as before CPU clock OFF OFF | ON
<\ enteying LPSleep No effect on other clocks

. ode or analog clock sources
F R L T N ° OFF | ON

LPMS = 06000 + N/
SLEEPDEEP bit \

Stop 0 + WFI or returng ON
from ISR or WF, HSI16 when
LPMS =0b001 + EXTI line STOPWUCK =1 in

SLEEPDE it_| (configuredinthe | RCC_CFGR.

Stop 1 . - All clocks OFF
+ WFI I ters). i
¢ SH registers). | MS! with the except HSI16, LS| and ON
I or Specific frequency before LSE

Stop 2 peripherals entering the Stop

. P Y \N\})@/ events mode when OFF

(with 12C3, L 0b STOPWUCK = 0

LPUART1, E bit .

LPTIM1, N WEFI or réturn

SRAMA, %g o or WFE
SRAM2) \/7

3
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Table 8. Low-power mode summary (continued)
9 \b\
Mode name Entry Wakeu(;1)) Wakeup Effect on clocks eguigrors
source system clock
= o
N
LPMS = 0b011+ \ N
Standby (with | S€t RRS bit + Wakeup PVD,
SSRMZV (With | o) EEPDEEP bit | RFIRQ, wakeup ON
) +WFl or return | RFBUSY, W%UP
from ISR or WFE | Pin edge, RT 7
and TAMP event, | MSI 4 MHz Al C'Ic_’ | OFE
LPMS = 0b011 + || SECSS, except LS S
Clear RRS bit + | external reset in
Standby SLEEPDEEP bit | NRST pin, OFF | OFF
+WFlorreturn | \WDG reset
from ISR or WFE ﬁ/_\
LPMS = 0b1xx + WKUP pin edge, \>
SLEEPDEEP bit | X1 C and TAMP Il clogks OFF
Shutdown event, external MSI 4 MHz OFF | OFF
+ WFI or return reset in NRST pt LSE
from ISR or WFE oin @\

1. Refer to Table 7: Functionalities depending on system operating

Relation between MCU and sub-GHz radi

rating modes

The CPUs and sub-GHz radio have their own operating modes (see the table below).

Table 9. MCU and sub-GHddio operating modes

CPU operating mode

Sub-GHz radio opera}.ingqode

Description

Run, Sleep

Sleep, Calibration, St
(FS, TX, RX)("

LDO or SMPS regulator active, MCU running in
main regulator (MR) mode.

LPRun, LPSleep

e (@V

LDO or SMPS regulator off, MCU running in low
power regulator (LPR) mode.

m M Active

Sleep, Calibrati
(FS, TX,@%N

LDO or SMPS regulator active, MCU running in low
power regulator (LPR) mode.

Stop 0

(FS, T
AN

Sleep, %bﬂt}s\bﬁandby, Active

LDO or SMPS regulator active, MCU running in
main regulator (MR) mode.

Stop 1 and Stop 2 %

)

LDO or SMPS regulator off, MCU using low power
regulator (LPR) mode.

bration, Standby, Active

LDO or SMPS regulator active, MCU using low
power regulator (LPR) mode.

Standby

/E&Oﬁ

@—sleep

LDO or SMPS regulator off, MCU regulator off or on
in low power (LPR) mode@).

leep, Calibration, Standby, Active
(FS, TX, RX)

LDO or SMPS regulator active, MCU regulator off or
on in low power (LPR) mode?.

Frpidode )

Deep-SIeep(3)

LDO or SMPS regulator off, MCU regulator off

aihjing SRAM2 in Standby mode, the MCU uses the low-power regulator (LPR) mode.

1. IWSIeep and Stop 0 modes, the sub-GHz radio is prevented from entering Deep-sleep mode.
N .

-
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3. When the CPU is in Shutdown mode, the sub-GHz radio cannot be activated and is forced in Deep-sleep mode.

3111 Reset mode

In order to improve the consumption under reset, the I/Os state under and
"analog state" (the 1/0 Schmitt trigger is disabled). In addition, the internal &
deactivated when the reset source is internal.

This excludes the five serial-wire JTAG debug ports that are in pull-upfpull-dpwn after reset.

3.12 Peripheral interconnect matrix

autonomous
2 uently, reducing
Sallow fast and

Several peripherals have direct connections between them.
communication between peripherals, saving CPU resou
power-supply consumption. In addition, these hardwar
predictable latency.

Depending on peripherals, these interconnections ca un, Sleep, LPRun,

LPSleep, Stop 0, Stop 1 and Stop 2 modes.
Table 10. Peripherals mte% atrix(1) (2)

Source

TIM1
,..x...&//,/\&.qﬁ..x TIM2
/ >

TIM16

xxx&//}:\) TIM17
< LPTIM1

ADC

DAC

COMP1

COMP2

DMAMUX1

x| X IRTIM
SUBGHZSPI

TIM1 -

TIM2 X
TIM16 -
TIM17 X
LPTIM1 -
LPTIM2 - {
LPTIM3 | -

ADC X

Temperatu
A )
VBER@T\\?

x
x
x
x

>
x
x
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Table 10. Peripherals interconnect matrix() (2) (continued) (B
Destination /’\

N\

S| £E|/S|S|E|E|E|8|2 |22 = \g/

FIF|E|FE|yg|g | |<|2]8|8 \§> 8

n

GPIoEXTII - | - | - | - [ - T -1 -1 x1x1T- (-\\x =T

RTC - - x| - x| x| - - - \V- \\ / _

TAMP - x e - N Y] --

COMP1 | X | X | X | x| x| x| - | - ( : \ i |

COMP2 | X | X | X | X | x | x | - -/,\\ - ) o

SYSTERR| X | - | x | x | - | - | - { )),—\/. o
AV

1. For more details, refer to section “Interconnection details” of the_reference manual.

2. The “-” symbol in grayed cells means no interconnect.

3. VDD on STM32WL55/4UxYx devices. @
3.13 Reset and clock controller ( )

The following different clock sources can be use

e  HSI16 (high-speed internal) 16 MHz RC oscil

e  MSI (multi-speed internal) RC oscil:y clock from 100 kHz to 48 MHz
e  HSES32 (high-speed external) 32 M

oscillator clock, with trimming capacitors.

e PLL clock
The MSI is used as system ¢ after startup from reset, configured at 4 MHz.
The devices have the follo onal clock sources

e LSI: 32 kHz low-sp
optionally the@T

C that may drive the independent watchdog and
auto-wakeup from Stop and Standby modes.

e LSE: 32.768 kHZ eed external crystal that optionally drives the RTC used for
auto-wakeu S tandby and Shutdown modes, or the real-time clock

(RTCCLK)
Each clock spurce e switched on or off independently when it is not used, to optimize
power consumgptian.

rescalexs can be used to configure the AHB frequencies (HCLK3/PCLK3, HCLK1,

he high-speed APB2 (PCLK2) and the low-speed APB1 (PCLK1) domains. The
equency of the AHB (HCLK3, HCLK1, and HCLK2), the PCLK1 and the PCLK2
8 MHz.
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sources:
— PLLVCO (PLLQCLK) (only available in Run mode)
—  MSI (only available in Run mode)
— LSl clock
—  LSE clock

e The ADC clock is derived (selected by software) from one of the\following sources:
—  system clock (SYSCLK) (only available in Run mode)

—  HSI16 clock (only available in Run mode)
—  PLLVCO (PLLPCLK) (only available in Run mode)
e The DAC uses the LSI clock in sample and hold m

o
e The (LP)U(S)ARTs clocks are derived (selected by/goft emone of the following
sources:
— system clock (SYSCLK) (only available in N

—  HSI16 clock (available in Run and Sto

hodes

APB the U(S)ART is mapped) (available in
in (CLPYHS)ARTXSMEN)

—  LSE clock (available in Run and Stop

—  APB clock (PCLK depending on which
CRun and CSleep when also en

The wakeup from Stop mode is supported en the clock is HSI16 or LSE.
e The I12Cs clocks are derived (selected by software) from one of the following sources:
—  system clock (SYSCLK) (only ;ﬁlable in Run mode)

—  HSI16 clock (available in Run Stop modes)

— APB clock (PCLK depending on which APB the 12C is mapped) (available in CRun
and CSleep when al led in I2CxSMEN.)

The wakeup from Stop

e The SPI2S2 12S clock (selected by software) from one of the following
sources:

= PB~¢lock (PCLK depending on which APB the LPTIMx is mapped) (available in
and CStop when enabled in LPTIMXSMEN.)

external clock mapped on LPTIMx_IN1 (available in Run and Stop modes)
The‘functionality in Stop mode (including wakeup) is supported only when the clock is

<§ | or LSE, or in external clock mode.

/14 DS13293 Rev 1
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e The RTC clock is derived (selected by software) from one of the following source
—  LSE clock

— LSl clock
— HSE32 clock divided by 32

The functionality in Stop mode (including wakeup) is supported only
LSl or LSE.

e The IWDG clock is always the LSI clock.

The RCC feeds the CPU1 system timer (SysTick) external clock
(HCLK1) divided by eight. The SysTick can work either with this clo
CPU1 clock (HCLK1), configurable in the SysTick control and status

FCLK1 acts as CPU1 free-running clock. For more details, re p.
STM32 Cortex-M4 MCUs and MPUs programming manual (PNIQ
The RCC feeds the CPU2 system timer (SysTick) exter; e AHB clock

lc i
(HCLK2) divided by eight. The SysTick can work eit h &S k or directly with the
CPU2 clock (HCLK2), configurable in the SysTick contpel and st register.

FCLK2 acts as CPU2 free-running clock. @

mming manual
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Figure 7. Clock tree

LSIPRE
LSIRCC32kHz |7 00
Lsco ﬁ
LS|
LSE OSC
32.768 kHz | LSE /(\ o R

A
oy

LSE CSS

. W
/32 CPU1
LSE HPRE | HCLK1 A CPU1, AHB1, AHB2,
HSE32 n2..512 . \ \ \ 0 CPU1 FCLK
SYSCLK o /8 0 GPU1 system timer,
0 >
Hy Mco n-16 PLLRCLK
-
PLLQCLK SYS clock S PPR
PLLPCLK sou’cel [1.248,
contro &//
HSI16
PLLRCLK T ~NAPB2
MSI m RED CLK2 to APB2
H osc_out HSE32 OSC MSI 248,16 xTor Jto APB2 TIM
32 MHz 2
0SC_IN HSECSS » SYSCLK § 0 —/
h , |HSE32 HS/I?F;RE .o | . /_CKRK LK2 to CPUZ,
HSI16 RC 1.2, % to CPU2 FCLK_
16 MHz HSI16 >
/8 to CPU2 system timer,
MSIRC | >
100 kHz - 48 MHz
G % SH% HCLK3 to AHB3, Flash, SRAM1, SRAM2._
MSI »
\’“{W PCLK3 to APB3_
Y HSI16 ~/ >
to RF_
</ PCLKn PCLKn
HSI16
SYSCLK HSI16
SYSCLK to A to USART1 to LPTIM1
PLL Hsl16 to USARTZ LSl to LPTIMZ
N | [ PLLPCLK to LPUARTT > to
LSE > LSE >
/q || PLLOCLK LSl PCLKn
116 25 LSE SYSCLK to 12C1
/R || PLLRCLK to 12C2
/@\ Msl HsI16 to [2C3 r
K<\\\ LS| — » DAC
~ MSv62604V2

For full details about the internal and e

the device datasheet.
The ADC clock can additionally b tved from
(1, 2 or 4). When the programmakle is

3.14 phore (HSEM)

the AHB prescaler must be equal to 1.

rce characteristics, refer to the electrical characteristics section in

e AHB clock of the ADC bus interface, divided by a programmable factor

Th s a 16- (32-bit) register based semaphores. The semaphores can be

used gynchronization between different processes running between different

cores. HSEM provides a non blocking mechanism to lock semaphores in an atomic
The wing functions are provided:

king a semaphore can be done in two ways:

read check
1-step lock: by reading the COREID from the semaphore

\ an interrupt on one of the interrupt lines.

DS13293 Rev 1

2-step lock: by writing COREID and PROCID to the semaphore, followed by a

Interrupt generation when a semaphore is unlocked: Each semaphore may generate
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e  Semaphore clear protection: A semaphore is only unlocked when COREID and
PROCID match.
e  Global semaphore clear per COREID %
3.15 Inter-processor communication controller (IPCC)@

The IPCC is used for communicating data between two processors.

The IPCC block provides a non blocking signaling mechanism to pgstand regrie
communication data in an atomic way. It provides the signaling for twelve ¢ s:

e six channels in the direction from processor 1 to processg
e six channels in the opposite direction

It is then possible to have two different communication ty

The IPCC communication data must be located in a co that is not part of the
IPCC block.

3.16 General-purpose inputs/output

Each of the GPIO pins can be configured b
input (with or without pull-up or pull-down)
GPIO pins are shared with digital or analog
achieved thanks to their mapping on the AHB2 bu

oftw. put (push-pull or open-drain), as
eripheral alternate function. Most of the
nctions. Fast I/O toggling can be

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

3.17 Direct memory access troller (DMA)

sed to provide high-speed data transfer between
s mhemory to memory. Data can be quickly moved by
s keeps CPU resources free for other operations.

The DMA (direct memory 3z
peripherals and memory,(&
DMA without any RU acti

The DMA controller, hannels in total. A full cross matrix allows the peripherals, with
DMA support, to app any of the available DMA channels. Each DMA channel has
an arbiter for hagdlin iority between DMA requests.
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The DMA main features are listed below:
e 14 independently configurable channels (requests)

e afull cross matrix between peripherals and all 14 channels and an hardwa
possibility through the DMAMUX1

levels: very-high, high, medium, low), plus hardware priorities manage
equality (example: request 1 has priority over request 2)

e independent source and destination transfer size (byte, half-word{ worg)), ating
packing and unpacking. Source/destination addresses must
size.

e  support for circular buffer management

e  memory-to-memory transfer
e  peripheral-to-memory, memory-to-peripheral, a

Table 11. DMA1 ar(q\\BMAZ imple
Feature %Mh\ DMA2
7

Number of channels

DMAMUX1 is used to route the periphergwith DMA source support, to any DMA channel.

3.18 Interrupts and even@

3.18.1 Nested vectored i

The devices embed ablé to manage 16 priority levels, and to handle up to
62 maskable int tc s plus the 16 interrupt lines of the Cortex-M4.

=

b NVIC able to manage four priority levels, and handles up to
32 maskable inter channels plus the 16 interrupt lines of the Cortex-MO+.

errupt processing
. (7 inte y vector table address passed directly to the core

rosgssing of interrupts
proc g of late-arriving higher-priority interrupts
ort for tail chaining

rQcessor state automatically saved

O errupt entry restored on interrupt exit, with no instruction overhead
\ NVIC hardware block provides flexible interrupt management features with minimal

interrupt latency.
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3.18.2 Extended interrupt/event controller (EXTI)

The EXTI manages wakeup through configurable and direct event inputs. It provi
up requests to the power control, and generates interrupt requests to the CPU1
events to the CPU1/2 event input.

Configurable events/interrupts come from peripherals that are able to geng
allow the selection between the event/interrupt trigger edge and a software

Direct events/interrupts come from peripherals having their own clearing

3.19 Cyclic redundancy check (CRC)

The CRC calculation unit is used to get a CRC code from 8-,\16

data transmission or

of he software during runtime, to be compared
time and stored at a given memory location.

ce signature generated at link

generator polynomial.

Among other applications, CRC-based techniques are used i

storage integrity. In the scope of the functional safet dards, they offer a means of

verifying the Flash memory integrity. The CRC calculatigh unit to compute a signature
e

3.20 Analog-to-digital converter (

A native 12-bit ADC is embedded into the devices. ft €an be extended to 16-bit resolution
through hardware oversampling. The ADC has up 16 12 external channels and four internal
channels (temperature sensor, voltage refépence, VBAT(a) monitoring, DAC output). The
ADC performs conversions in single-sho{ d8r scan mode. In scan mode, automatic
conversion is performed on a selected group of analog inputs.

the CPU1/2 frequency, allowing maximum
CPU speed. An auto-shutdown function
ff except during the active conversion phase.

The ADC frequency is independen
sampling rate of ~2 Msps ev ith a

guarantees that the ADC isT

The ADC can be setved -@
range.

The ADC featur oversampler up to 256 samples, improving the resolution to
16 bits. Refer to licafion note Improving STM32F1 Series, STM32F3 Series and

A controller. It can operate in the whole Vpp supply

STM32Lx Serie C ution by oversampling (AN2668).

An analog w 0g ure allows very precise monitoring of the converted voltage of one,
some or a annels. An interrupt is generated when the converted voltage is
outsfe grammed thresholds.

rated by the general-purpose timers (TIMx) can be internally connected to
riggers, to allow the application to synchronize A/D conversions with timers.

th rt
3.20.1 e rature sensor
% perature sensor (TS) generates a Vg voltage that varies linearly with temperature.
=
. VDD on STM32WL55/54UxYx devices.
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The temperature sensor is internally connected to the ADC VIN[12] input channel, to
convert the sensor output voltage into a digital value.

The sensor provides good linearity but it has to be calibrated to obtain good overall
accuracy of the temperature measurement. As the offset of the temperature sens6r m
vary from part to part due to process variation, the uncalibrated internal te s
is suitable only for relative temperature measurements.

To improve the accuracy of the temperature sensor, each part is indivj
calibrated by ST. The resulting calibration data is stored in the devic
accessible in read-only mode.

tes,

Table 12. Temperature sensor calibration-valu

Calibration value Description \\\%" address
name

TS ADC raw data acquired at 30 °C (+ 5° ),2/) )
TSCALT | e =33V (& 10 mV) Q\ %FF 75A8 - Ox1FFF 75A9
TS_CAL2 TS ADC raw data acquired at 130 °C (£ ), { ; (/1 FEF 75C8 - Ox1FFE 75C9

Vbpa = VRer+ =33V (10 mV)’\

\>
3.20.2 Internal voltage reference (Vggf \>

VRerFINT Provides a stable (bandgap) voltage o the ADC and comparators. VRgriNT
is internally connected to the ADC VIN[13] input ch eI

VrerinT is individually and precisely measured, for each part, by ST, during production test
and stored in the device engineering bytgylt is accessible in read-only mode.

Table 13. Interpal voltage reference calibration values

Calibration value name C(<\Bgscription Memory address
quired at 30 °C (+ 5 °C),
VREFINT _CAL /Ra"‘"‘t\i?\‘? 33V (£ 10 mV) Ox1FFF 75AA - Ox1FFF 75AB

3.20.3 Vgt battery n|tor|ng

This embedded ature allows the application to measure the VBAT(a) battery
voltage using the 14] input channel. As Vgar may be higher than Vppa, and thus
outside the i nge, the VBAT pin is internally connected to a bridge divider by
three. As 2 e, the converted digital value is one third the Vgt voltage.

3.21 Di

1-channél 12-bit buffered DAC converts a digital value into an analog voltage available

% annel output. The architecture of each channel is based on an integrated resistor

an inverting amplifier. The digital circuitry is common for both channels.
g

Vpp on STM32WL55/54UxYx devices.

Q

3
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DAC main features:

e 1 DAC output channel @
e  8-bit or 12-bit output mode

e buffer offset calibration (factory and user trimming)

e left or right data alignment in 12-bit mode @

e synchronized update capability

e noise-wave generation

e triangular-wave generation

e independent or simultaneous conversion for DAC channels

e  DMA capability for either DAC channel
e  triggering with timer events, synchronized with DMA
e triggering with external events

Sample-and-hold low-power mode, with internal or ext%r

3.22 Voltage reference buffer (VREFE

The devices embed a voltage reference buffer that & Used as voltage reference for
s through the VREF+ pin.

VREFBUF supports two voltages: 2.048 V'dn

An external voltage reference can be provided thr:

is off.
3.23 Comparator (COMP)
The devices embed two rail- il co rators with programmable reference voltage
(internal or external), hysteresi speed (low speed for low-power) and with selectable
output polarity.
The reference volt4ge ca ~ of the following:
e external /O
e internal refe% or submultiple (1/4, 1/2, 3/4)

All comparators a p from Stop mode, generate interrupts and breaks for the timers,
and can be co d into a window comparator.

3.24 TZ}I \ number generator (RNG)
Th o

s embed a true RNG that delivers 32-bit random numbers generated by an
i% log circuitry.

3.25 ced encryption standard hardware accelerator (AES)
@/[T%

h the VREF+ pin when VREFBUF

Q

AES encrypts or decrypts data, using an algorithm and implementation fully compliant

the advanced encryption standard (AES) defined in FIPS (federal information
rocessing standards) publication 197.
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Multiple chaining modes are supported (ECB, CBC, CTR, GCM, GMAC, CCM), for ke
sizes of 128 or 256 bits. The AES supports DMA single transfers for incoming an
data (two DMA channels required).

3.26 Public key accelerator (PKA)

The PKA is used to compute cryptographic public key primitives, specifi

RSA (Rivest, Shamir and Adleman), Diffie-Hellmann or ECC (elliptic

over GF(p) (Galois fields). These operations are executed in the
3.27 Timer and watchdog

The devices include one advanced 16-bit timer, one gener

basic timers, three low-power timers, two watchdog timey

The table below compares the features of the advan control, general purpose and basic

timers.

Table 14. Timer feam
. Timer Count'er Counter Pres r w Capture/ Complementary

Timer type resolution r t compare

hame (bits) type fac‘@&\gewation channels outputs
Advanced Up, down
control TIM1 16 pand Z/ 4 3

TIM2 32 up/down NA

General TIM16 Any integer
purpose between Yes 2

TIM17 %ﬂd 65536

LPTIMA1 16 1
Low power | LPTIM2 > 1

LPTIM3 A~ <\

AN 4

3.271

s

Advanced-control (TIM1)
The advanced- | TIM1 can be seen as a three-phase PWM multiplexed on six

0
channels. E cha has complementary PWM outputs with programmable inserted
dead-times. ch

el can also be seen as complete general-purpose timers.

eration (edge or center-aligned modes) with full modulation capability

= 100 %)
ong4pulse mode output
ebug mode, the TIM1 counter can be frozen and the PWM outputs disabled to turn off

any/power switches driven by these outputs.
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3.27.2

3.27.3

Many features are shared with those of the general-purpose timers (described in the
section) using the same architecture. TIM1 can then work together with TIM2 via
peripheral interconnect matrix, for synchronization or event chaining.

e

TIM2 main features:
e full-featured general-purpose timer
e four independent channels for input capture/output comp r one~pulse mode
output
r rs

General-purpose timers (TIM2, TIM16, TIM17)

Each general-purpose timer can be used to generate PWM outputs, or act
base.

@ time

e counter that can be frozen in debug mode

e independent DMA request generation, support of e

TIM16 and TIM17 main features:

e general-purpose timers with mid-range features
e  16-bit auto-reload upcounters and 16-bit pr

e 1 channel and 1 complementary channel

e channels that can all be used for input.captu ompare, PWM or one-pulse
mode output

e counter that can be frozen in debug mode

e independent DMA request generation

Low-power timers (LPTIM1, LPWZ and LPTIM3)

These low-power timers have a
clocked by LSE, LSI, or by an
Stop mode.

LPTIM1 is active in Stop 0
LPTIM2 and LPTIMS are

independent clock and run in Stop mode if they are
clock. They are able to wake up the system from

with™g2bit autoreload register

: ftware/hardware input trigger
table elpck source

| ctgck sources: LSE, either LSI, HSI16 or APB clock
external/clock source over LPTIM input (works even with no internal clock source

DS13293 Rev 1 45147
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3.27.4 Independent watchdog (IWDG)

The independent watchdog is based on a 12-bit downcounter and a 8-bit presc
IWDG is clocked from an independent 32 kHz internal RC (LSI). As the IWDG
independently from the main clock, it can operate in Stop and Standby mode

The IWDG can be used either as a watchdog to reset the device when a pijo
as a free running timer for application timeout management. The IWDG is
software configurable through the option bytes. The counter can be fr i

3.27.5 System window watchdog (WWDG)

The window watchdog is based on a 7-bit downcounter that ca et\as free’running. The

WWDG can be used as a watchdog to reset the device whe
3.27.6 SysTick timer

This timer is dedicated to real-time operating sys huincan also be used as a standard
down counter.

The WWDG is clocked from the main clock and has an e
The counter can be frozen in debug mode.

terrupt capability.

SysTick timer main features:

e  24-bit down counter

e autoreload capability

e maskable system interrupt generation when counter reaches 0
e  programmable clock source y

3.28 Real-time clock (RT
The RTC is an independent B

per and backup registers

er/counter. The RTC provides a time-of-day
rm interrupts.

As long as the supply vo
regardless of the dewi

ains in the operating range, the RTC never stops,
un mode, low-power mode or under reset).

The RTC provide automgtic wakeup to manage all low-power modes.

The RTC is fun I AT mode.

Twenty 32-bitpackupyegisters are retained in all low-power modes and also in VBAT mode.
These registe used to store sensitive data as their content is protected by a tamper
g and four internal tampers are available for anti-tamper detection. The

e&‘ pins can be configured for edge or level detection with or without filtering.
3.29 % tegrated circuit interface (12C)

vice embeds three 12Cs, with features implementation listed in the he table below.

I°C bus interface handles communications between the microcontroller and the serial
1°C bus. It controls all I°C bus-specific sequencing, protocol, arbitration and timing.

%
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Functional overview

The 12C peripheral supports:

— slave and master modes, multimaster capability

12C bus specification and user manual rev. 5 compatibility:

—  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
—  7-bit and 10-bit addressing mode, multiple 7-bit slave addr

— programmable setup and hold times
—  clock stretching (optional)

e  SMBus (system management bus) specification rev 2.0

e  programmable analog and digital noi

— hardware PEC (packet error checking) generation an

control
—  address resolution protocol (ARP) support
— SMBus alert

S

e 1-byte buffer with DMA capability

Table 15. 12C implementation

mA outpu

e

&

Y

O

I1Os

12C features(!) y 12c1? | 12c2(2 12c3
7-bit addressing mode I~ X X X
10-bit addressing mode 1\((\\ X X X
Standard-mode (up to 100 K@@L X X X
Fast-mode (up to 400 Kbit/é N X X X
Fast-mode Plus witééNBuWe 1/0s (up to 1 Mbit/s) X X X
Independent clocl X X X
Wakeup from St%ligﬁgde\\h\\/ x() x®) x#)
SMBus/PMBus \ X X X

2. Thevegig in Stop 2 mode.
3. aketip Sup ed from Stop 0 and Stop 1 modes.

4, -'- from Stop 0, Stop 1 and Stop 2 modes.

n sal synchronous/asynchronous receiver transmitter

3.30

Q

N

T/UART)

he) devices embed two universal synchronous receiver transmitters, USART1 and

ART2 (see Table 16 for the implementation details).

DS13293 Rev 1
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STM32WL55/54xx

3.31

Q

/14
~

Each USART provides asynchronous communication, IrDA SIR ENDEC support,

multiprocessor communication mode, single-wire half-duplex communication mo
USART has LIN Master/Slave capability and provides hardware management o

and RTS signals, and RS485 driver enable.

master.

The USART has a clock domain independent from the CPU clock,
wake up the MCU from Stop mode, using baudrates up to 200 kbau

The wakeup events from Stop mode are programmable and
e start bit detection
e any received data frame

(LPUART)

e  a specific programmed data frame
The USART interface can be served by the DMA contmk
Low-power universal asynchro@eiver transmitter

The devices embed one low-power UART (LPUA that enables asynchronous serial

communication with minimum power consumption

e LPUART supports half-duplex

single-wire communication and modem operations (CTS/RTS), allowing multiprocessor

communication. y

The LPUART has a clock domain independent from the CPU clock, and can wake up the
system from Stop mode using tes up to 220 Kbaud. The wakeup events from Stop

mode are programmable and/ean be of the following:
e  start bit detection
e any received data frg

e  a specific pro§rammedd
Only a 32.768 k %5) is needed to allow LPUART communication up to
e

9600 baud. Ther ev
while having an e
reach higher haud

can be served by the DMA controller.

The LPU i
/> (\ Table 16. USART/LPUART features

Stop mode, the LPUART can wait for an incoming frame
w-energy consumption. Higher speed clock can be used to

~

%@rﬁaﬁcard mode

N SART modes/features(! USART1/2 LPUART1
@r‘d&/arem control for modem X X
Qﬁh@s communication using DMA X X
tipfgcessor communication X X
’Syhchronous mode (Master/Slave) X -
X -

DS13293 Rev 1
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Table 16. USART/LPUART features (continued) (B
USART modes/features(!) USART1/2 LWT\R@\

Single-wire half-duplex communication X \> X \\ >
IrDA SIR ENDEC block X

NS Y
LIN mode X SO
Dual clock domain and wakeup from low-power mode X R w

Receiver timeout interrupt X<\\> \\ /7_
Modbus communication X \\// -

Auto baud rate detection

(RN
Driver enable \Q( \\ X
USART data length //\\ SJ7:874nd 9 bits

Tx/Rx FIFO <\\> (/Xﬂ ‘ X

Tx/Rx FIFO size ~/ 8

1. X = supported.

3.32 Serial peripheral interface (
interface (12S)
The SPI/12S interface can be used to communicateAvith external devices using the SPI

protocol or the 1°S audio protocol. SPI or 12§ mode is selectable by software. SPI Motorola®
mode is selected by default after a devige reset.

plex, full-duplex and simplex synchronous, serial

he SPI interface can be configured as master and, in
lock (SCK) to the external slave device. The SPI
saster configuration.

The SPI protocol supports half-d

this case, it provides the con
interface can also operate in-m

The I%S protocol is also % ous serial communication interface. It can operate in
slave or master m@e ithohalf-duplex communication. It can address four different audio
standards including ilips1°S standard, the MSB- and LSB-justified standards and the
PCM standard.

17. SPI and SPI/12S implementation(")

w SPI1 SPI2S2 SUBGHZSPI
Enhé@%(ﬂ_&\s%\m modes Yes
I-@d ar calculation Yes Yes No

YA
Izgfhp@‘t\\) No Yes No

é@t\é}gze Mgurable (bits) from 4 to 16
%iNT}RII—)O size (bits) 32
V%kéﬁyg capability from LPSleep Yes

ub-GHz radio control exclusively. Radio is controlled internally through SUBGHZSPI and, for debug
purpose only, from the external.

0\1. he SPI1 and SPI2S2 instances are general purpose type while the SUBGHZSPI instance is dedicated for

Y, DS13293 Rev 1 49/147
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3.33

Development support

Serial-wire JTAG debug port (SWJ-DP)

The Arm SWJ-DP interface is embedded, and is a combined JTAG and seri
port, that enables either a serial-wire debug or a JTAG probe to be conneg

ed tothe ta .
The debug is performed using only two pins instead of the five required :} TAG

pins can then be reused as GPIOs with alternate function). The JTA nd pins
are shared with SWDIO and SWCLK, respectively, and a specific s nce on the TMS pin
is used to switch between JTAG-DP and SW-DP.

3
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4 Pinouts, pin description and alternate functions

Figure 8. UFQFPN48 pinout @

Y

PB8 | 2

PAO [ U FQFPN4 g VDD_TCXO
PA1 | 29 ¢ RF1V55
PA2 | 29 ZSC DRF

PA3 | __]osc_out
VDD |0 __]osc_IN

PA4 | {...] VDDPA

-
3z
N‘NI
@ ]
¢ D D
== == <29
PLaBoezgeiok
W JoL oo OO0 0n
> > > > >0 0 >0 00 >
Ok OB T eNT oo~
§ T T T T T T T T T OOO
PB3 |1 36 ¢ 13
PB4 | 2 2
PB5| 3 PA11
PB6 | 14 A10
PB7 |5 B
6
7
8

MSv48144V4
1. The above figure shows the package top viewrj
2. The exposed pad must be connected to the grqund plain
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Figure 9. UFBGA73 pinout

5%

W

MSv48145V4

1. The above figure shows the package top view.

Table 18. Legend/ahb!

iations used in the pinout table
N

Name Ab/b{eviaé@ \ Definition
Pin name Unless th i é\s@jﬁéd in brackets below the pin name, the pin function during and
after rQSdzis e as the actual pin name
N .
~— -
Pin t A \\l\ Input only pin
in type
w Input / output pin
Nf\\ 0 Output only pin
Q ) FT 5V tolerant /O
Y FRF Radio RF pin
TT 3 V tolerant I/O
1/0 ture
Option for FT I/Os
O _f /0, Fm+ capable
Q _a I/0, with Analog switch function supplied by Vppa

DS13293 Rev 1
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Pinouts, pin description and alternate functions

Table 18. Legend/abbreviations used in the pinout table (continued)

Name Abbreviation Definition
/N
Notes Unless otherwise specified by a note, all I/Os are set as analog inputs durinbnd er >
reset. TN
Alterpate Functions selected through GPIOx_AFR registers m\/
Pin functions
functions | aqditional o . . ~~—
. Functions directly selected/enabled through peripheral registers
functions AN\ />
Table 19. STM32WL55/54xx pin definition/ —
Pin number N
g
® | o | o Pin name 8 | 2 »
s n N~ - > S [] aer .
z a < (function after = E 5 Alter nctions Additional functions
o a 0] reset) T o =z
g g & g
- N _ ((\
- |E10] - VSS -] - )) ) -
OITRACESWO,
COMP1_INM,
SCHS, SPI1_SCK, COMP2_INM
1 D11 | C1 PB3 /O | FT_a | - RF_IR SART1_RTS, =
DEBYG_RF_DTB1 ADC_IN2,
R cM 4_ET/EN_TOUT TAMP_IN3/WKUP3
NJTRST, I12C3_SDA,
SPI1_MISO, USART1_CTS, COMP1_INP,
2 D9 | C2 PB4 /0 |F - DEBUG_RF_LDORDY, COMP2_INP,
% TIM17_BKIN, ADC_IN3
CM4_EVENTOUT
b LPTIM1_IN1, I2C1_SMBA,
< > SPI1_MOSI, RF_IRQ1,
3 - D2 PB5 O I - | USART1_CK, COMP2_OUT, -
<\ TIM16_BKIN,
% CM4_EVENTOUT
- | F7 | E3 VSS& SRR - -
- | E2 veD \ SERE - -
Y% LPTIM1_ETR, 12C1_SCL,
4 - E1 /O | FT_f | - USART1_TX, TIM16_CH1N, -
O CM4_EVENTOUT
V LPTIM1_IN2, TIM1_BKIN,
[2C1_SDA, USART1_RX,
5 - B7 /o | FT_f | - TIM17_CHIN, -
Qz \ CM4_EVENTOUT
~ ~
y TIM1_CH2N, I12C1_SCL,
6 @/-93 PB8 /O | FT_f | - RF_IRQ2, TIM16_CH1, -
O A P CM4_EVENTOUT
%C’/
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Table 19. STM32WL55/54xx pin definition (continued)

Pin number (3
o
@ | o | e Pin name 8| 2 | o W
z o < (function after = g % Alternate functions Addi uncij
o reset) = w | Z
g | o2 |8 o
il il I ] A
TIM1_CH3N, IZC1_SDﬂ§\ V
SPI2_NSS/I1252_WS,
- | - | ca PB9 o | FTf| - R OUT TIM17. C -
CM4_EVENT
LPTIM1_IN1, 1I2C3\SCL, v
N PCO IO | FT_f| - | LPUART1_RX N -
CM4_EVENT
LTt oUT,
SPI2_ MOSIN2S?2
-l - ] F PC1 o | FTf| - | oo CPORTT X, -
M4 T
LPTlMﬂg!Nz i?IZ MISO
- | - | b4 PC2 w | FT | - SN2, 9PI2_MISO, )
(kCM N ouT
N WLETR,
SPI2WIBSII2S2_SD,
- | - | o5 PC3 w | FT | - Bt B -
,  CM4_EVENTOUT
- | - | F3 PC4 o | FT | - ¢ CM4_EVENTOUT -
- | - | E4 PC5 o | E - CM4_EVENTOUT -
- - | e2 PC6 110 A{T \ 1252_MCK, CM4_EVENTOUT -
TIM2_CH1, 12C3_SMBA,
> 12S_CKIN, USART2_CTS,
7 | H11 | D6 PAO. F . COMP1_OUT, TAMP_IN2/WKUP1
<\ DEBUG_PWR_REGLP1S,
N TIM2_ETR, CM4_EVENTOUT
Z/Q / TIM2_CH2, LPTIM3_OUT,
Qj 12C1_SMBA, SPI1_SCK,
USART2_RTS,
8 |G10| G3 1 IO | FT_a | - LPUART_ RTS, ;
DEBUG_PWR_REGLP2S,
(\((\ CM4_EVENTOUT
Q ) N LSCO, TIM2_CH3,
USART2_TX, LPUART1_TX,
9 | Fo 2 o | FT.a| - COMP2_OUT, LSCO
DEBUG_PWR_LDORDY,
§< \ CM4_EVENTOUT
S yv TIM2_CH4, 1252_MCK,
10 | (8 /‘H\B PA3 IO | FT_a| - | USART2_RX, LPUART1_RX, -
A /> CM4_EVENTOUT
- \Bs. [65 VSS s | - | - - -
N
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Table 19. STM32WL55/54xx pin definition (continued)
Pin number

o
A [}] =]
2| g | | Finname | o | § | g : : \ /7
z a < (function after | = g 5 Alternate functions Ad uncij
o reset) = w | Z
[¢] ' E o
il il I ] A
11 | K11 | H5 VDD - - - Q\ \\/7
RTC_OUT2, LPTIM1_OUT, \V/
SPI1_NSS, USAR
12 | J10 | N PA4 o | FT | - DEBUG_SUBG -
NSSOUT, LPTIM
13 | HO | J2 PA5 o | FT | - -
TIMABKIN, 12C2_SMBA,
1M RT1_CTS,
14 | G8 | F4 PAG w | FT | - UG_SUBGHZSPI_ -
MIS TIM16_CHT1,
c VENTOUT
TIM1_CH1N, 12C3_SCL,
<%PI1_MOSI, COMP2_OUT,
15 | E8 | H3 PA7 IO |FT fa| - DEBUG_SUBGHZSPI_ -
MOSIOUT, TIM17_CH1,
(R CM4_EVENTOUT
x Y MCO, TIM1_CH1,
SPI2_SCK/I252_CK,
16| L10} J3 7 & ' - USART1_CK, LPTIM2_OUT, )
O CM4_EVENTOUT
N TIM1_CH2,
\> SPI2_NSS/I2S2_WS,
12C1_SCL,
171 K| ES PA @ FTfa| - SPI2_SCK/I2S2_CK, )
S USART1_TX,
) CM4_EVENTOUT
<\( TIM2_CH3, 12C3_SCL,
) o | 4 o lerel . SPI2_SCK/I2S2_CK, ]
4 - LPUART1_RX, COMP1_OUT,
> CM4_EVENTOUT
% N TIM2_CH4, 12C3_SDA,
- % G4 s PB11 /O | FT_f | - |LPUART1_TX, COMP2_OUT, -
N CM4_EVENTOUT
18 (@/-R‘i - NRST o | FT | - - -
“(9@ PH3-BOOTO | /O | FT | - CM4_EVENTOUT BOOTO
f—\\lQ - VDD S - - - -
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Table 19. STM32WL55/54xx pin definition (continued)

%

Pin number
o
® | o | o Pin name 8| 2 | o
z o ';1 (function after = g % Alternate functions Addi unctj
o reset) = w | Z
[¢] ' E o
'S ; = =
” a\
- k7| - VSS S - - - Q\ \\ /o
- | J&6 | H6 VSSRF S - - - \\//
- | H5 | G6 VSSRF s | - | - - /(\ -
20 | L6 | J6 RFI_P I | RF | - - \\ \V ]
21 | k5 | HT7 RFI_N I | RF | - {/m\)/_\ / ]
- | G4 | G7 VSSRF s - - Q.V m) -
S lua |- VSSRF s | - |- \ =/ -
22 | L4 | J8 RFO_LP o | RF | - -
@Y
- - | c8 VSSRF S - - \ \\ -
23 | K3 | Jo RFO_HP o | RF | - (l\\ N ]
- | H3 | - VSSRF s | - |- [N \0 -
24 | L2 | H9 VR_PA S ¥ - - ]
25 | H1 | H8 VDDPA s| - |- - -
k1] - VSSRF s | - |- - -
26 | G2 | G9 OSC_IN | REN- - -
27 | F1 | F8 | osc_out 0 Q‘{ N - -
- | P3| - VSSRF SN - - -
28 | E2 | E8 VDDRF o Q\J\ - - -
29 | b1 | F7 | VDDRF1v55 <\§ /| - - -
- | F5 | Do vss?/’\ \s\> -] - -
- | - | B9 voEX N8| - | - - -
] S ] COMP1_OUT, ]
30 | B1 | F6 |PBO-VODNICX ) o | TT CM4. EVENTOUT
{
N LPUART1_RTS_DE, COMP2_INP.
- - | o | FT.a| - LPTIM2_INT, ADC. IN5
<\ CM4_EVENTOUT -
< % LPT|M1_SOPLIJ1T, 'Lzscss_SMBA, COMP1_INP.
31 gas PB2 o |FT a| - DEBUG RF. SMPSRDY, CC/)\“SEZTIL’\:;M’
P ) CM4_EVENTOUT -
@ TIM1_BKIN, 12C3_SMBA,
@ z é;) SPI2_NSS/I12S2_ WS,
2<\ PB12 Vo | FT | - LPUART1_RTS, -
ey S CM4_EVENTOUT
/1z>> DS13293 Rev 1 Kys
Y/



STM32WL55/54xx Pinouts, pin description and alternate functions
Table 19. STM32WL55/54xx pin definition (continued)
Pin number
o
@ | o | e Pin name é’ 3 ? W
z o < (function after | = g 5 Alternate functions Addi uncij
o reset) = w | Z
(¢} a m (@)
'S [ =
il il a\
TIM1_CH1N,I203_SCK§ M
SPI2_SCK/I2S2_CK,
- - | b7 PB13 IO |FT fa| - LPUART1 CTS _INO
CM4_EVENTQ¢’\
TIM1_CH2N, 12S2\MCK, v
- - | c6 PB14 IO |FT fa| - 12C3_SDA, , ADC_IN1
CM4_EVENT
STIMY_CH3,
COMP1_INM,
COMP2_INM,
33 | D3 | C8 PA10 /O |FT fa| - DAC_OUTA,
ADC_IN6
STIMINCHA/TIMA_BKIN2,
LPTIMY ETR, 12C2_SDA, COMP1_INM,
34 | E4 | B9 PA11 /IO |FT fa| - | SPI1_MS0O, USART1_CTS, COMP2_INM,
DEBUG_RF_NRESET, ADC_IN7
<7 CM4_EVENTOUT
TIM1_ETR, LPTIM3_IN1,
12C2_SCL, SPI1_MOSI,
35 | D5 | A9 PA12 /0 ‘@% RF_BUSY, USART1_RTS, ADC_IN8
CM4_EVENTOUT
v
JTMS-SWDIO, 12C2_SMBA,
36 | D7 | B8 PA13 OﬁQ F} - | IR_OUT, CM4_EVENTOUT ADC_IN9
- | c2| 7 VSS M\ 7 1. ] ]
- | A2 | A7 VDD LN S - - -
o I\
37 | - | A8 VBAﬁ\ X2 - -
TAMP_IN1/
38 | - | c7 o | FT | - CM4_EVENTOUT RTC_OUT1/RTC_TS/
{ (\ WKUP2
39 | B3 | B8 /@\ém\ m\r%é_m w | FT | - CM4_EVENTOUT 0SC32_IN
40 | A4 %:2 ot | Vo | FT | - CM4_EVENTOUT 08C32_0UT
- -?Qs \VREF+ - |- - -
41 }3;5 "~ VDDA -] - - -
O \@5/\) VSS - - - -
=/
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Table 19. STM32WL55/54xx pin definition (continued)

Pin number (3
o
® | o | o Pin name 8| 2 | o W
z o ';1 (function after = g % Alternate functions Addi unctj
o reset) = w | Z
[¢] ' E o
all Il ] A
JTCK-SWCLK, LPTIM1_GOT\
42 | c6 | A4 PA14 IO | FT_a 12C1_SMBA, /IN10
CM4_EVENTOUL_
JTDI, TIM2_CH1, TI _ﬁR\ WOMPUNM,
43 | A8 | B3 PA15 o |FT fa| - 12C2_SDA, SPI1 \\SS, COMPZ_INP,
CM4_EV ADC_IN11
TIM1_ciaN \2c ,
- | - | B4 PB15 o | FT_f SPI2_MQsIN2sY SD -
CM4_EMENTO
44 | A6 | - VDD S - - //\\ ]
- 7| - VSS s | - |- \\ \\ v -
&) . B . Nt .
49| Ge VSS S (N NS4
45 | Bo | B2 | wveeswps [ s | - [ - [N O ) -
46 | A10 | A2 | VvDDSMPS s | - |- /- -
47 | B1 | B1 VLXSMPS s | - | - - -
48 | C10 | A1 VSSSMPS s | - | -4 - -
1. Pin 49 is an exposed pad that must be connected t
DS13293 Rev 1 ‘Yl
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Table 20. Alternate functions ﬁ

\%g
AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 | AF10 | AF11 | AF12 AF13 /%4 //AF15
A\
TIM2/ (/
Port SYs TIM1/ TIMA/ SPI2S2/ | 12C1/ SPI/ USART1 COMP1/ M1
AF TIM2/ TIM2 TIM1/ 12C2/ SPI2S2 RF / LPUART1 - - - COMP. EB EVENOUT
LPTIM1 LPTIM3 12C3 USART2 TIM1

/kPTIMZ

L A9 €62€1Sd

Port A

XXpG/GSTMCENLS

TIM2_ 12c3_ | 125 USART2_ CONRA BUGWR/ cM4_
PAO - CH1 - - SMBA | CKIN - cTS - - - - (o%x\\\{&EGL s | TM2_ETR| cyenTOUT

pa1 | . | TmM2_ [ | LPTIM3_ | 12c1_ | SPi_ _ |UsART2_| LPUARTI_ | | L )JéB'\JG_PWR ] cM4_
CH2 ouT | SMBA | scK RTS RTS \ N _REGLP2S EVENTOUT

pA2 | Lsco | M2 | ] ] ] | USART2_ | LPUART1 A— ] MP2_ |DEBUG PWR| cM4_
CH3 > > /?% &/ out | _LpoRoY EVENTOUT

pas | . | Tm2_ [ ] ] 1252_ | usART2_ | LRUART NN\ ) ] ] ] cM4_
CH4 MCK RX L RX EVENTOUT

\Y

paq | RTC_ | tPTMI [ ) ) SPI1_ | usaRT2_ \ \_,/ ) ) s, | M2 | oma_
out2 | _out NSS cK 9 s ZSPL | " ouT | EVENTOUT

pas | .| TM2_ | TiM2_ | sPi2_ ) SPI1_ ) _V | ) e B S M. | owa_
CHT | ETR | MISO SCK LOfZSPL | TETR | EVENTOUT

pAs | . ™I | ) 12C2_ SPI1_<\( ) ) LPUART1_ | ) o [ (DS Tmte. | owa
BKIN SBA | M\ N cTs BRIN | SPRSHZSEL | "cH1™ | EvenTouT

b\ £\

a7 | ™I | ) 12¢3\ M_ \> ) ) ) ) | compa_ | (DEBUS | Tz | cma_

CHIN y?s i out ~ | SURSHZSEL | CH1™ | EVENTOUT
PI2

TIM1 - USART LPTIM2 cM4

PA8 | MCO - - - > SCK7 - - - N - - - _ _
CH1 x 285 CK cK OUT ~ | EVENTOUT

pag | - N ( é’g\iiJ/)\l)zm_ e | usarT1_ ) ol ) ) ) ) cM4_
c \y SWe | SCU | pes ok > EVENTOUT

PA10 <\& TIM1_ \) ) ct_ | SR | usaRT1_ ) | ) | DEBUG RF_| TM17_ | cm4_
E H3 SDA RX HSE32RDY | BKIN | EVENTOUT

1282_SD

b 1(" ] | Timi_ | teTiMa_ | 12c2_ | spin_ | usarTI_ ] | | Tm1_ | DEBUG_RF_ ] cM4_

He |BKIN2 | ETR | SDA | MISO cTs BKINZ | NRESET EVENTOUT

L/6

AN

suoljouny ajeussjje pue uondussap uid ‘synould



3 Table 20. Alternate functions (continued) 0\
fl AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 | AF10 | AF11 AF12 AF13 AFU ) F \
T
Port TIM1/ SPI2S2/ | 12C1/ USART1 COMP1/
SX§— TIM2/ '.II'_IIIXIII121 TIM1/ 12C2/ S?’TZI‘ISIZ RF / LPUART1 - - - COMP2/ T:% L%JT
LPTIM1 LPTIM3 | 12C3 USART2 TIM1 Q
TIM1_ LPTIM3_ | 12C2_ | SPI_ USART1_ (/ cMm4_
— PA12 . ETR . IN1 SCL mos | RF-BUSY RTS . . ) . /(\\ \ ( 9 . EVENTOUT
[0 g
2 JTMS- 12C2_ \B cMm4_
£ | PA13 | swoio - - - SMBA - - - IR_OUT " kL ﬁj\\ \ x - - EVENTOUT
o
= PA14 | JTCK- | LPTIM1_ 12C1_ v % cM4_
<é SWCLK | OouT - - SMBA - - - - § \ - - - - EVENTOUT
[e]
% 1 pa15 | yTDI TIM2_ | TIM2_ i 12C2_ | sPI_ i ) ) ) _@/ ] ] ] cMa_
CH1 ETR SDA NSS A EVENTOUT
U COMP1 cM4
PBO ) ) ) ) ) ) ) ) N < ) ) ) ouT ) ) EVENTOUT
») LPUA| LPTIM2_ cMm4_
@ PB1 i i i i . . i . RTSjDﬁ?X/Q . i . . . IN1 EVENTOUT
3 <
Dy PB2 i LPTIMI_| i 12C3_ | SPI1_ i & i < i i i DEBUG_RF_ i cMm4_
W ouT SMBA NSS SMPSRDY EVENTOUT
Py
@ JTDO/ ( X\
< TIM2_ SPI1_ USART1_ DEBUG_RF_ cMm4_
= PB3 TSR\;'\‘,%E CH2 - ) ) < F_IR RTS - ) ) < ) DTB1 ) EVENTOUT
D
A\
C PI1_ USART1_ DEBUG_RF_ | TIM17_ cMm4_
PB4 | NJTRST ) ) ) N S@\ K ISO \> CTS . . . . ) LDORDY BKIN EVENTOUT
© | pgs LPTIM1_ QA 2c1\ |\ SPH_A RE IRQ1 | USART1_ COMP2_ TIM16_ cMm4_
5 - IN1 - <\ BA oSl - CK - - - - ouT - BKIN EVENTOUT
[a \vg
PB6 LPTIM1_ Q%? USART1_ TIM16_ cM4_
- ETR<\ /—\ - \s - - TX - - - - - - CHIN | EVENTOUT
PB7 i L@vn_ N i N\ 1\_/ \7201_ i i USART1_ i i i i i i TIM17_ CcM4_
II\{Z\ KI SDA RX CHIN | EVENTOUT
. 2
M1\ 12C1_ TIM16_ CM4_
PB8 M<(€H2N \> ) scL - RF_IRQ2 - - ) ) - ) - CH1 EVENTOUT
A%
SPI2
_ 12C1_ — TIM17_ cMm4_
<> Pz%b - \2%1 - - SDA |2225?//vs - - IR_OuT - - - - - CH1~ | EVENTOUT
< /_\ —
roy 0 :) TIM2_ 12c3_ %'22@ LPUART1_ COMP1_ cM4_
& K CH3 - - SCL | 1pag oK - - RX - ) - ouT - - EVENTOUT
N

<
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Table 20. Alternate functions (continued) T\
5] AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 | AF10 | AF11| AF12 AF13 AFU ) F \
T
Port TIM1/ SPI2S2/ | 12C1/ USART1 COMP1/
sré— TIM2/ 1'|-'IIIIVVI|121 TIM1/ | 12C2/ s?,f;gz RF / LPUART1 | - - - | compP2/ T:m1 L%JT
LPTIM1 LPTIM3 | 12C3 USART2 TIM1 Q
PR TIM2_ 12C3_ LPUART1_ 2 (/Q cM4_
- CH4 ) ) SDA - ) - TX - ) ) o) - EVENTOUT
_ | pB12 i TIM1_ i TIM1_ 12C3_ ?\g% i i LPUARTT_ | i \B i CM4_
5 BKIN BKIN SMBA RTS { EVENTOUT
5 1252_WS N
= SPI2 v
c TIM1 12C3 — LPUART1 cm4
S |PB13| - - ; ~ | scK 4 - —\ . ) . . -
E;; CH1IN ScL 1282 CK CTS (? \ @ EVENTOUT
€
5 TIM1_ 12C3_ | SPI2_ CM4_
o |PB14 ) CH2N - |1282.MCKY gpp MISO ) ) [/\\ \\ ) ) ) ) EVENTOUT
SPI2 )
TIM1 12C2 — cm4
PB15| - - ; - | mosi . - \/ - . - - - _
CH3N SCL | 1557 D > EVENTOUT

L A9 €62€1Sd

&

AN

O\

&

N
N\
N

N
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2 Table 20. Alternate functions (continued) 0\
E AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 | AF10 | AF11| AF12 AF13 AFU ) F \
T
Port TIM1/ SPI2S2/ | 12C1/ USART1 COMP1/
SX§— TIM2/ -.II-.IIIXIII;I TIM1/ 12C2/ S?:ZI‘ISIZ RF / LPUART1 - - - COMP2/ T:m 1 %]T
LPTIM1 LPTIM3 12C3 USART2 TIM1 Q
LPTIM1_ 12C3_ LPUART1_ (/ PTIM2 CcM4_
PCO ) IN1 ) ) ScL ) ) ) RX . ) ) /(\\ \ ( Q IN1 EVENTOUT
PC1 i LPTIMI_| ,\SA';';—/ 12C3_ § i i LPUART1_ | i \> i CM4_
ouT 1252 sp | SPA T ’\ > \ EVENTOUT
- ™
LPTIM1 SPI2 v cM4
PC2 - N2 | T ) - MISO 4 - ) ﬁ \\\ (\, - - EVENTOUT
PC3 i LPTIMI_| i i ,\SAFC’)%I—/ i i i i \X i i LPTIM2_ CM4_
ETR 1252 SD [/\\ \\ ETR EVENTOUT
$) ) CM4_
I b5 PC4 . i i i . . i . \\/ . i i . . EVENTOUT
= o
W < cM4
N PC5 - - - - - - - - - - - - - =
© V& EVENTOUT
py) 1252 cM4
e PC6 ) ) ) ) ) MCK <f(\\ ) y v ) ) ) ) EVENTOUT
cM4
PC13| - ) ’ ) @) Kf_\\ \ b - ’ ) ) ; : - EVENTOUT
A%
CM4_
PC141 - . . . S\Q Q w . . . . ¢ . . - EVENTOUT
AN
PC15| - - - - \\/\\> - - - - - - - - - EVENTOUT
A\
I
< | pHs ) ) Q \(-\ \)b ) ) ) ) ) ) ) ) i i CM4_
S OA (\ \/ EVENTOUT

30

&S

\\y))
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STM32WL55/54xx

Electrical characteristics

5

5.1

5.1.1

5.1.2

5.1.3

514

5.1.5

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 ar
conditions of ambient temperature, supply voltage and frequencies,
on 100 % of the devices, with an ambient temperature at Tp =257

by the selected temperature range).

Data based on characterization results, design simulatio
are indicated in the table footnotes and are not tested i
characterization, the minimum and maximum values
mean value plus or minus three times the standard d

Typical values

Unless otherwise specified, typical data are based bn

Typical values are given only as design gu

Typical curves y

Unless otherwise specified, all
not tested.

~Based on
tests and represent the
1+30).

iation (me

25 oC, VDD = VDDA = VBAT =3 V.
g not tested.

erization of a batch of samples from

curves are given only as design guidelines and are

Loading capacitor
The loading condi@n S parameter measurement are shown in Figure 10.

Pin input vol@
The input voltage S ent on a pin of the device is described in Figure 11.

=

~Rin{dading conditions

MCU pin

Figure 11. Pin input voltage

MCU pin

MS19211V1

DS13293 Rev 1
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Electrical characteristics STM32WL55/54xx

5.1.6 Power supply scheme

Figure 12. Power supply scheme

v
J‘- Backu o
Power switch
A\ -
I % N !

v
1551036V — vear L
LI

R

Voo ]
F" : LPR

]
|

nx 100 nF + 1 x 4.7 yF

p

2 S"’Sg'c and memories

1

1

1

1

1

“1ES Nl Kernel logic |1
GPIOs [ ((\\g/ﬁ%/ (CPU, digital |
Dk, /% :

|

1

1

1

10 nF + 1 pF

MPs

) VREFBUF MR
A

LDO/SMPS

1
T ~ 5
|
S 1

Q : Sub-GHz radio
54 I
1
1
1

7 : RFLDO

\ VSSSMPS :
|
1
1

Exposedpad [ ] 00 mmmmmm—mm———-
L] —————» To all modules (VSS/VSSRF)

<

| MSv64325V4

AN

Caution: c oMupply pair (such as Vpp/Vss or VDpa/Vss) must be decoupled with filtering
S

era apacitors as shown in the above figure. These capacitors must be placed as close
le to (or below) the appropriate pins on the underside of the PCB to ensure the
od-fdnctionality of the device.
I\@ Forjthe UFQFPN48 and WLCSP59 package, VREF+ is internally connected to VDDA.
/14 DS13293 Rev 1 Kys
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Electrical characteristics

5.1.7

Current consumption measurement

Figure 13. Current consumption measurement scheme m

Ipbsmps v >
M
VDDSMPS _L \DDSMPS

VDDRF

VBAT
Ioo

C VDD

VDDA

MSv64326V2

5.2 Absolute maximum ratings
Stresses above the absolute maximum rafings listed in the tables below, may cause
permanent damage to the device. These{gre 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 de eliability.
Device mission profile (appli condifions) is compliant with JEDEC JESD47
Qualification Standard, e ion profiles are available on demand.
{)Table21. Voltage characteristics(!
Symbol Rag'qg?\ Min Max Unit
External main s ag N
VDDX - VSS (including VDD, A -0.3 3.9
Vbpsmps: Vgt VREPY
Input volt ~ pins min (VDD! VDDA’ VDDRF' VDDSMPS) + 39(3)(4) v
2 - -
VN Z/{E \o‘tégemsr pins Vgg-0.3 3.9
Infpytvolt ny other pin 3.9
L{\t\l\bsé}@{ E.;’S{J different V
iati ween different Vppy )
IAVop«l & pinsef the same domain 50
N mV
Varié@' ps between all the different
|VSSX'g\M pins(5) ) 50
‘Q M wed voltage difference for
EEr'\ A Y - 0.4 \Y
Y REF+> VDDA
in power (VDD, VDDRF, VDDA, VBAT) and ground (VSS) pins must always be connected to the external power
Y, i permitted range.
DS13293 Rev 1 65/147




Electrical characteristics

STM32WL55/54xx

O

2. V|y maximum must always be respected. Refer to the next table for the maximum allowed injected current values.
3. This formula must be applied only on the power supplies related to the 1/O structure described in Table 19:
STM32WL55/54xx pin definition.
4. To sustain a voltage higher than 4 V, the internal pull-up/pull-down resistors must be disabled.
5. Include VREF- pin.
Table 22. Current characteristics //\\
Symbol Ratings <\K$ \\Vlax/> Unit
>Vop Total current into sum of all Vpp, power lines (source)(!) \W
~
YIVss Total current out of sum of all Vgg ground lines (sink)(") T~ 130
Voppiny Maximum current into each VDD power pin (source)(") \\ \\ 130
IVsspiny Maximum current out of each VSS ground pin (sink)(") m M 100
Output current sunk by any I/O and control pin, except (‘{T\O h\ 20
lo@iny | Output current sunk by any FT_f pin =~/ 20 -
Output current sourced by any I/O and control pin 20
Total output current sunk by sum of all I/Os and cé&Qth ping‘i\ N4 100
2lioeIN
(PIN) Total output current sourced by sum of all I/(?é@a\nd co:wé(z) 100
3) Injected current on FT_xx, TT and RST pins%x&p\{R@” -5/+0@¥
ling(PIN
PIN) Injected current on PBO Z/ -5/0
2llingeinyl | Total injected current (sum of all I/Os and c9gtrol pins)(s) 25
1. All main power (VDD, VDDRF, VDDA, VBAT) and ground (VSMns must always be connected to the external power
supplies, in the permitted range.
2. This current consumption must be correctly distribyted over all I/0s and control pins.
3. Positive injection (when V|y > Vpp) is not possib these/Ss and does not occur for input voltages lower than the
specified maximum value.
4. Anegative injection is induced by V |\ < Vgs/law bnever be exceeded. Refer also to the previous table for the
maximum allowed input voltage values.
5. When several inputs are submitted@a urre , the maximum 3 |liyypeiny| is the absolute sum of the negative
injected currents (instantaneous value{%
&&L@Z& Thermal characteristics
Symbol <\\x Ratings Value Unit
T rature ran - +1
STG R }S‘QUFW ature range 65 to +150 o
T, A\&l(@xi%uhjunction temperature 125
N4

DS13293 Rev 1
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STM32WL55/54xx

Electrical characteristics

5.3 Operating conditions @
5.3.1 Main performances %
Table 24. Main performances at Vpp = 3 V NN
Parameter Test conditions \\\‘Tg& \fn\l/t
VBAT (Vgar = 3V, Vpp = 0 V) ( (] \Q.&rs\/
Shutdown %\) \d\OW
Standby (32-Kbyte RAM retention) \é 0
Icore | Core current consumption Stop 2, RTC enabled ((\ 1 MA
Sleep (16 MHz) \ )) " 770
LPRun (2 MHz) ( m)/_\\/ 220
Run, SMPS ON (48 MHz) %\7 v )) 3450
Rx boosted LoRa 125 kHz, SMPS ON g 4.82
434 to 490 MHz, 14 dBm,(33 V 21
T low power 868 to 915 MHz, 14 dBm, 3(\\»\ 26 mA
. 434 to 490 MHz, 22 ff 33v—" 120
Txhigh power 868 to 915 MHz, 22 dBm, 32/ 107
%
5.3.2 General operating conditions y
Table 25. General operating conditions
Symbol Parameter (\((\Cu\@{ons Min Max Unit
fheLk | Internal AHB clock frequency -
fecLk1 | Internal APB1 clock freq/\uency ( \\ . 0 48 MHz
fecLkz | Internal APB2 clock freﬁd V -
Vpp | Standard operating véltdge - 1.8(1) 3.6
sz\ />B’c or COMP used 1.62
DAC used 1.71
Vbpa | Analog supply vol VREFBUF used 2.4 36 v
Q ADC, DAC, COMP and .
N VREFBUF not used
VBaT Back% \raUQg\;él/tage - 1.55 3.6
VEBSMPS sn/xl\@‘f@dba\cdoltage - 14 36
VDDpRF @li\@uﬁ%voltage - 1.8 3.6
@17 A\ TT IO 03 Vpp + 0.3 v
OV @Jt voltage min between
All /O except TT —0.3 | min (Vpp, Vppa) + 3.6V
%\ and 5.5 v2©)
\3/) DS13293 Rev 1 67/147



Electrical characteristics STM32WL55/54xx

Table 25. General operating conditions (continued)
Symbol Parameter Conditions Min Max /R \lt\

Power dissipation at \> >
Po Ta = 85 °C for suffix 6 version | UFBGA73 - 392.0

or T = 105 °C for suffix 7(4)

Maximum power \)
Ambient temperature for dissipation _40 /f%

ffix 6 i
Sullix & version Low-powerdissipation(s) <\\>105\\ /7

Maximum power \\//
Ambient temperature for the | gissipation 05

- - NN
ffix 7
Sl fversion Low-power dissipation(®) KK \\@Eb

Suffix 6 version N \)}bs
Ty Junction temperature range . - °C
Suffix 7 version A 1//_\\ 125

TA c

55V.

3. For operation with voltage higher than min (Vpp, Vppa) + 0.3 V, the internalp and pull-down resistors must be
disabled.

4. If T is lower, higher Pp values are allowed as long as T does n T, max (see Table 101: Package thermal
characteristics).

5. In low-power dissipation state, Tf can be extended to this range, as long as/T/does not exceed T max (see Table 101:

Package thermal characteristics

3
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STM32WL55/54xx Electrical characteristics

5.3.3 Sub-GHz radio characteristics

Electrical characteristics of the sub-GHz radio are given with the following conditj
otherwise specified:

Vpp = 3.3 V. The current consumption is measured as described in Figure~13.
Ipp includes current consumption of all supplies (Vpprr, Voosmves: Vb VbbbV
All peripherals except Sub-GHz radio are disabled and the system is ix Standby
Temperature = 25 °C

HSE32 = 32 MHz

Frr = 434/868/915 MHz

All RF impedances matched using reference design
Reference design implementing a 32 MHz crystal oscillat

Transmit mode output power defined in 50 Q load

FSK BER (bit error rate) = 0.1 %, 2-level FSK mod
BR = 4.8 Kbit/s, FDA =5 kHz, BW_F = 20 kHz

LoRa PER (packet error rate) = 1 %, packet of 6
correction code CR = 4/5, CRC on payload led
header

Sensitivities given using highest LNA gain
Power consumption measured with -1 nd AGC ON

Blocking immunity, ACR and co-chan iven for a single tone interferer and
referenced to sensitivity +6 dB, blocking tests ormed with unmodulated signal

out-pre-filtering,

mble of 8 bytes, error
o reduced encoding, no implicit

Table 26. Operating4ange of RF pads

Pad N Description Max Unit
RFI_P/RFI_N RF input po@r& % 0 .5
m
RFO_LP/RFO_HP/VR_PA Voltage We Ratio (VSWR) 10.1

DS13293 Rev 1 69/147




Electrical characteristics STM32WL55/54xx

Table 27. Sub-GHz radio power consumption (B
Symbol Mode Conditions Min | Typ /@ \t\

Deep-Sleep \> \/7
mode (Sleep | A piocks off - 5
with cold
start)(1)(2) nA
Sleep mode Configuration retained - /‘1@ w
(with warm \‘
start)(2)(3) Configuration retained + RC64k & 81\?\
Sleep, LDO LDO, band-gap, HSE32 off - RN
mode® RC 13 MHz on HSE32 on ( N \@)4 _

Band-gap HSE32 off - )760 C | vA
Sleep, SMPS )
mode( ooz o SE32 on (Q) 1 os0 | -

SMPS 40 mA max A / /§
Standby mode ‘//
(RC 13 MHz on) RC 13 MHz on, HSE32 off { 0.7 -

Ibp | standby mode | SMPS mode ‘ 40 mA max sé@%\\\ - 1.05 -
(HSE32) LDO mode N ) - |oee | - |™
Synthesizer | SMPS mode used with 40 mA(drive.gapabtty” - | 266 | -
mode LDO mode TN/ - | 405 | -

FSK 4.8 Kbit's ¢/ - aar |-
Receive mode, LoRa 125 kHz - 4.82 -
SMPS mode SMPS 40 mA max
Used Rx bookted, FSK 4.8 Kbit/s - | 512 | -
FR{boosted, LoRa 125 kHz - 5.46 - .
FSK 4.8 Kbit/s Q\ AN - | 818 | -
Receive mode, |LORa 125 k2 SN0 8.90
LDO mode used Q \) FSK 4.8 Kbit/s 9.52
RX e
LoRa 125 kHz 10.22
/\V/\
1. Cold start is equivalent to device or}@the device wakes up from Sleep mode with all blocks off.
2. Only Sub-GHz radio power con tiomn
3. Warm start only happens when the wakes up from Sleep mode with its configuration retained,
4. System in Stop 0 mode range
Kys
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Electrical characteristics

Table 28. Sub-GHz radio power consumption in transmit mode

Symbol | Frequency band (MHz) PA match (conditions) Power output m\\
+14 dBm, Vppge = 3.3 V 23.5 \/
+10 dBm, V, =33V S
Low power DDRF (T
+14 dBm, Vppre = 1.8 V \ 413\
+10 dBm, Vppge = 7. 285"/
868 to 915 oorr = /P
+15 dBm, Vpprex 33V | || 255
+10 dBm, Vppre _\ig /15
Low power (optimal settings)
+15 dBm, Yperr k8 | 51
+10 dBm, \\Q%- ﬁyv 25
+1 ?@ﬁ\\?@mﬁ 225
@\c‘n%m %%% 33V 13.5
Low power
+14\Q§Q Vépre= 1.8 39.5
=18V 22.5
434 10 490 ﬁ \d@\\DDRF
+15 déﬁ) Voore = 3.3 V 245
+ s VDDRF =33V 13.5
Low power (optimal settin
\@Bm, VDDRF =18V 43
| /50 dBm, Vppge = 1.8 V 215 |
m
ep 868 t0 915 455
Low-power PA, SMP FF +14 dBm, Vpprg = 3.3 V
434 to 490 43.5
+22 dBm, Vppre = 3.3V 119
+20 dBm, VDDRF =33V 107.5
High po
+17 dBm, VDDRF =33V 98
868 to 915 <\ +14 dBm, Vpprg = 3.3V 92
N/ +20 dBm, Vppre = 3.3V 92.5
g/\z Highvpower (optimal settings) |+17 dBm, Vpprg = 3.3V 58
%ﬁ +14 dBm, Vppre = 3.3V 455
+22 dBm, VDDRF =33V 110.5
\: +20 dBm, VDDRF =33V 90
High power
O +17 dBm, VDDRF =33V 71
0 49Q +14 dBm,VDDRF=3.3V 59
+20 dBm, VDDRF =33V 72
High power (optimal settings) |+17 dBm, Vpprg = 3.3 V 43.5
—~ +14 dBm, VDDRF =33V 38
Q@v
DS13293 Rev 1 711147
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Table 29. Sub-GHz radio general specifications

Symbol Description Conditions Min T M }N\
v p AEN
FR Frequency synthesizer range Low-power PA 150 - Qé(} Mﬁz
FSTEP | Frequency synthesizer step High-resolution mode HSE / 2(2)5) - 095
100 kHz offset - | —100\N\_- 7
PHN() | Synthesizer phase noise N
@ | (868 to 915 MHz) 1 MHz offset - |7 e
10 MHz offset -Q\hss \ -/
TS_FS | Synthesizer wakeup time From Standby, HSE32 mode - \{0 \///
/
TS_HO Synthesizer hop time 10 MHz step <-\\® -
P \ us
TS_0S Crystal oscillator wakeup time From Standby, RC(*) normal m - J 0 -
C y up from HSE32 off L\
0sC Crystal oscillator trimming range Yoy
— | for crystal frequency error Min/max XTAL specifications * +30 - ppm
TRM compensation®)
P NN
BR_F |Bitrate, FSK Programmable -\t 0.6 - | 300® | Kbit/s
(min modulation index 5)
AN
i Programmable
FDA |Frequency deviation, FSK (FDA + BR_F/2 525 0.6 - 200 kHz
. Min for SF12, BW_L = 7%&442 ] ® | e
BR L |Bitrate, LoRa Max for SF7, BW L = 500 kHz 0.018 62.5 Kbit/s
BW L |Signal BW, LoRa Programmablg/ / 78 | - |500© | KkHz
SF Spreading factor for LoRa Programmable, chips/symbol = 2SF 5 - 12 -

1. Phase Noise specifications are given for the reco
optimized settings may be used for specific appli

Wakeup time till crystal oscillator frﬁenc

OSC_TRIM is the available trimming'r
compensation implementation. The tpta

Phase Noise is not constant over frequency, due-to
phase noise may change significantly

process variations

Maximum bit rate is assumed to sC

band and only 50 Kbit/s at 150

For RF frequencies below 408 MHz,
may not be available below

Hz.

N

to h
bler

th

en
ns.

0 ppm.

LL bandwidth to be used for the specific modulation/BR,

ology of the PLL. For two frequencies close to each other, the

gate for crystal initial frequency error and to allow crystal temperature
Imming range is higher and allows the compensation for all device

F frequency: for example 300 Kbit /s in the 869-t0-915 MHz frequency

DS13293 Rev 1
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Table 30. Sub-GHz radio receive mode specifications

Symbol Description Conditions Min | Typ M/’?W
BR = 0.6 Kbit/s, FDA = 0.8 kHz, s | VW
BW =4 kHz /]
BR = 1.2 Kbit/s, FDA = 5 kHz, ] 12§\
Sensitivity 2-FSK, BW =20 kHz
RX boosted gain, BR = 4.8 Kbit/s, FDA = 5 kHz,
RXS_2FB split RF paths for RX and Tx, BW = 20 kHz b 7 /7
RF switch insertion loss excluded BR = 38.4 Kbit/s, FDA = 40 kHz, ] o8 \\//
BW = 160 kHz —~
BR = 250 Kbit/s, FDA = 125 kHz, | | N
BW = 500 kHz \ \j
BW = 10.4 kHz, SF = 7 |~ t=ss | -
BW = 10.4 kHz, SF=12\\V N )) 148 | -
BW = 125 kHz, SF = 7 7 [ 425 | - | dBm
Sensitivity LoRa,
axs Lg | RX boosted gain, BW = 125 kHz, SF(x12 >0\ - | -138 | -
—~ |split RF paths for RX and Tx, BW = 250 kHz, SF AN ) ) - 2122 |-
RF switch insertion loss excluded %A\F\
BW = 250 kHz, =12 - -135 -
L
BW = 500 kHz, SF = / - -ns | -
BW = 500 kHz, SF = 12/ - | -130 | -
Sensitivity 2-FSK, RX power A _
RSX_2F |saving gain with direct tie S\ITV;A'ZS E’% FDA=5khz, - -115 -
connection between RX and Tx
Sensitivity LoRa, RX power
RXS_L |saving gain with direct tie 4 =1 z, SF =12 - -135 -
connection between RX and T%
CCR_F |Co-channel rejection, FSK \\ ~ - -9 -
7 - 7 -
CCR_L | Co-channel rejectio L
SN e
ACR_F |Adjacent channel rM\FS}? Offset = +50 kHz - | a4 ]
Offset =+1.5 x BW_L, ) 60 )
BW =125kHz, SF =7
ACR_L |Adjacent ch jectien, LoRa
Offset =+1.5 x BW _L, ) 71 ) dB
BW =125 kHz, SF =12
\5/ Offset = +1MHz, BR=48Kbits, | | o |
FDA =5 kHz, BW = 20 kHz
Offset = +2 MHz, BR = 4.8 Kbit/s,
BLF < m“”'ty’ FSK FDA = 5 kHz, BW = 20 kHz ]
C? Offset = 10 MHz,BR =48 Kbitis, | | o |
/}x/-\ FDA =5 kHz, BW = 20 kHz
DS13293 Rev 1 73/147
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Table 30. Sub-GHz radio receive mode specifications (continued)
Symbol Description Conditions Min | T M D]%
y p yp %Q
Offset = +1 MHz, BW = 125 kHz, O
SF =12 ) 87 -
/]
BI_L |Blocking immunity, LoRa Offset = +2 MHz, BW =125kHz, | 91 . d
SF =12 >
Offset = £10 MHz, BW = 125 kHz,
_ - 96 -
SF=12 A\ />
Unwanted tones are 1 MHz and \\//
1.96 MHz above LO. -
868 to 915 MHz band a
11P3 Third order input intercept point 7 dBm
Unwanted tones are 1 MHz and >
1.96 MHz above LO. (\\\ 5 | -
433 MHz band N VQQ
Without 1Q calibration B -
IMA Image attenuation dB
With 1Q calibration N\ [ | s -
BW_F |DSB channel filter BW, FSK Programmable, ty ic@ va@w 48 | - | 467 | KkHz
TS_RX | Receiver wakeup time FS to RWX A \)) - 41 - us
Maximum tolerated frequency All bandwidthg | #25% of BW.
offset between transmitter and The tighter limit bet s line - +25 - BW
receiver, SF7 to SF12 and the three lines belgw applies
FERR_L - -
Maximum tolerated frequency SFE /> 50 50
offset between transmitter and SF11 (/ -100 - 100 ppm
receiver, SF10 to SF12 SE 200 i 200
Table 31. Sub-C}H-zi%@gansmit mode specifications
~/
Symbol Description A << C\oh?itions Min Typ Max | Unit
N ighes SOWEF step setting _ +15(M )
2or -pQwer PA (LP PA)
TXOP | Max RF output powe%i ~7 dBm
W%power step setting ) +292 )
\Qr igh“-power PA (HP PA)
LRWA, under SMPS or LDO 05
Dop range from 1.810 3.7 V '
TXDRP HP PA, +22 dBm, Vpp = 2.7V - 2 - dB
HP PA, +22 dBm, Vpp =24V - 3 -
HP PA, +22 dBm, Vpp = 1.8 V - 6 -
TXPRNG cm?wer range | Frogrammable in 31 steps, | 1y qp 3y - TXOP | dBm
MNO ~ typical value
7 \tpu(/
u power step
yAC@%Cy - 2 - | B
AP
—/
DS13293 Rev 1 1S7]
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Electrical characteristics

Table 31. Sub-GHz radio transmit mode specifications (continued)

Symbol Description Conditions Min Typ }IPQ\J%
TXRMP | PA ramping time Programmable 10 - k@OO \€/>
TS_TX |TX wakeup time Frequency synthesizer - 36 + PA ramp >

enabled

1. For low-power PA, +15 dBm maximum RF output power can be reached with optimal settings.

Table 32. Sub-GHz radio power management specifica

ﬁ@y

req hcy
Symbol Description Conditions MHZ) Unit
4 } 490 | 868
L\ )
TRPOR Required POR reset pulse duration ForVpp 2 1.8 VA ( ( 2/)/‘\ 50 | 100 - us
VEOLL End-of-life low-threshold voltage - 1.8111.89|1.96
S P N CJ/ v
VEOLH End-of-life high-threshold voltage - T~ \ 1.86 194 | 2.1
VEOLD | End-of-life hysteresis voltage VEOLH - \(E’\OLL\\w 50 | 53 | 56 | mv
VREG | Main regulated supply LB Wess 147 [155[162] V
volta e?\ dtem fe range
Load transient for ILSMPS 100 yAto | High EKNW 25 | -
LDTRSMPS | 100 mAin 10 us mV
ILSMPS | SMPS load current - /7 - | 100 | mA
SMPS high power, Vpp = 3.3 V 538 | -
IDDSMPS | SMPS quiescent current HA
SMPS low power, Vpp = 3.3V 460 | -
S 100 mA max Vpp = 3.3V, 71 )
>ILSMPS =6 mA
SMPS 100 mA max Vpp = 3.3V, 89 )
O ILSMPS = 50 mA
SMPS converter av _
EFFSMPS |EFF = VREG x SMPS 100 mA max Vpp = 1.8 V. 8 | - | %
ILSMPS =6 mA
Vopswmps X IDD
SMPS 100 mA max Vpp = 2.0 V, o1 | -
ILSMPS = 50 mA
SMPS 100 mA max Vpp = 3.3 V, a5 | -
(\ ILSMPS = 100 mA
Cout @19@5&\\\@3}? DO and SMPS 120 % tolerance 470 | - nF
Lout W?’SI\\ndiQM - 15 - uH
4 i = -
TSSMP/;\@ and'Sleep, SMPS startup time | For ILIM = 50 mA 70 us
DS13293 Rev 1 75147
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Table 32. Sub-GHz radio power management specifications (continued)

Frequen \
Symbol Description Conditions (MHz nit
470 868
/\
Vpp = 33V, \ v
ILOAD =0 to 100 mA, \9\ -
current limiter off ﬁ —
IDDLDO LDO quiescent current Vpp = 3.3V, ILOAD =100 mA,%v_ 0 7_ MA
current limiter on
Vpp = 3.3V, ILOAD = 50 NP
current limiter on \ >
ILDO  |LDO load current - )| 100] - | ma
Load transient for ILDO 100 A to (g
LDTRLDO 1400 main 10 s N h o N i
TSLDO Sleep and Sleep, LDO startup time For ILIM = 50 mA \ - 60 - us
VDIG |Digital regulator target voltage - / \ 114] 12 [126] Vv
ILMm(™) Current limiter max value - \\ \\\ v 25 | 50 | 200 | mA
N4

1. The default

current limiter value is set to 50 mA.

5.3.4 Operating conditions at power-up/powet<down
Parameters given in the table below are detived from tests performed under the ambient
temperature condition summarized in Ta@ﬁ 25: General operating conditions.
Table 33. Operating ¢onditions at power-up/power-down
Symbol Parameterd&% Min Max Unit
Vpp rise time rate m - w0
tvpp
Vpp fall time rg& \\ >) 10 ©
. Vppa rise t|me ra 0 0 N
us
VDDA Vppa fall t.mé;ée\ \> 10 0
VDDRF rlse%@\m\s@‘e\j - 0
tyDDRF ;
Voonr R B - -
N

Q

Q)

&
&

DS13293 Rev 1
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temperature conditions summarized in Table 25: General operating conditions.

Table 34. Embedded reset and power-control block characteristicg’ />

5.3.5 Embedded reset and power-control block characteristics
Parameters given in the table below are derived from tests performed under the%

Symbol Parameter Conditions(? Min | T \ Max \ \Unit
tRSTTEMPO(z) Reset temporization after BORO is detected | Vpp rising - ( Fﬁ?\ 200 Ms
Rising edge Q\X% 1. 0
VBOROQ) Brownout reset threshold 0 \\,/@

Falling edge 1.7 1.7 1.78

Rising edge > NO | 2.14
VBoRr1 Brownout reset threshold 1 ((\2*3\& \}

Falling ed/g,e\\\ 1.96 )2.00 2.04

Rising efide 1)) 1226 231 | 2.35
VBoR2 Brownout reset threshold 2 <7

Fauin%}a@ée )z 16 | 2.20 | 2.24

Rising e <1256 | 261 | 266
VBOR3 Brownout reset threshold 3 6%‘;?1\\\ VAR IR

allin e . . .
\

Riging edgp) 2.85 | 2.90 | 2.95
VBoRr4 Brownout reset threshold 4

QIIingV@e 276 | 2.81 | 2.86

N ?hs};g’ dge 1.88 | 1.95 | 2.02

Vpvpo Programmable voltage detector threshold 0

Faflifg edge 1.83 | 1.90 | 1.97

Rising edge 226 | 231 | 2.36
VPVD1 PVD threshold 1

Falling edge 215 | 220 | 2.25

Rising edge 241 | 246 | 2.51
VPVD2 PVD threshold 2 -
Falling edge 231 | 236 | 2.41
>N Rising edge 256 | 2.61 | 2.66
Veybs PVD thresh% 3 Q

Falling edge 247 | 252 | 2.57

~~— Rising edge 269 | 2.74 | 2.79
VPVD4 PVD thres 4 -
Falling edge 259 | 264 | 2.69
AN

\Y,
Rising edge 285 | 291 | 2.96
VPVD5 PVD thresho
Falling edge 275 | 281 | 2.86
N Rising edge 292 | 2.98 | 3.04
VPVDG Q thri Id6
0 Falling edge 284 | 290 | 2.96
< \S/ Hysteresis in
. - 20 -
continuous mode
Vhyst BOR Hysteresis voltage of BORHO —
Hysteresis in
- 30 - mV
other mode
Vv ,{Zlysteresis voltage of BORH (except ) ) 100 )
O hys{ RO BORHO) and PVD

P@g@ BOR®) (except BORO) and PVD ] L s | ua
’JQE\ consumption from Vpp ’ ' H

<<é% DS13293 Rev 1 771147
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Table 34. Embedded reset and power-control block characteristics (continued)

N

Symbol Parameter Conditions™ | Min | Typ y?: %
) o Rising edge 161 | 1.65 \359
Vpeyma Vppa peripheral voltage monitoring Falling odge e ‘IW\I\QQ \\//
Vhyst_PVM3 PVM3 hysteresis - - 1\({\ - m{/
Iop (PVM3)(2) PVM3 consumption from Vpp - MA

Continuous mode means Run and Sleep modes, or temperature sensor enable in LPRun and
Guaranteed by design.

. BORO is enabled in all modes (except Shutdown) and its consumption is therefore included
characteristics tables.

5.3.6 Embedded voltage reference

N

Parameters given in the table below are derived fronf\ge ormed under the ambient
temperature and supply voltage conditions summarized\n Tab, . General operating
conditions.
Table 35. Embedded internal vme ce
Symbol Parameter ditio \J Min T Max Unit
y gondi \s\/ yp

VRerint | Internal reference voltage 40 °&<W°C 1182 [1212] 1232 | V

t S ADC sampling time when reading ) y 42 ) )

S_vrefint the internal reference voltage

A~ us

¢ . Start time of reference voltage y ) ) 8 12(2)

start_vrefint | bffer when ADC is enable
V buffer consumption fr
Ioo(VREFINTBUF) vSEF\%Ten converted b;) ADﬁ \ - - 125 | 200 HA
Internal reference voltag e _ ) @)

AVREFINT over the temperature rﬁ%’?\%b Vop =33V 5 15 mV
Tcoeff Temperature co@fic'en}\\)) —40°C<T;<+105°C - 30 50@ | ppm/°C
Acoeff Long term sta@jl%\ 1000 hours, T=25°C - 300 | 1000 | ppm

Vobceer | Voltage coeffjc\?e]\ /}/ 3.0V <Vpp<3.6V - | 250 | 1200@ | ppmiv

VReFINT DIv1 | 1/4 reference o~ 24 | 25 | 26
N %
\Y, 1/2 referencgolta - 49 50 51
REFINT_DIV2 N}y VeerinT
VREF|NT_D|V3 w re We 74 75 76

1. The shortest s@pl'ng 'w determined in the application by multiple iterations.
2. Guaranteed by@%
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Figure 14. VRegNT Versus temperature
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5.3.7
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MSv66005V3

Supply current characteristics

The current consumption is a function of sever:
voltage, ambient temperature, /O pin loading, dev

eters and factors such as operating
software configuration, operating

frequencies, I/0O pin switching rate, program locatiér in memory and executed binary code.

The current consumption is measured asﬁscribed in Figure 13.

Typical and maximum current consumption

e o
> >
S
:.o
'g_'Q.
>
® ®
O
QL
)
g s
o
Q S
O
o
Q

e  The Flash mefiro
depending on th
to Flash clo

i54 -~‘ pt when explicitly mentioned.

5E ne is adjusted with the minimum wait-states number,
K¥reglency. Refer to the table ‘Number of wait states according
equency’ in the reference manual (RM0461).

the peripherals are enabled.
ks for the Flash memory and shared peripherals.

C
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% Table 36. Current consumption in Run and LPRun modes on CPU1, CoreMark code with data
~ running from Flash memory, ART enable (cache ON, prefetch OFF) N
Conditions Typ Ma{) \\\ ( %
Symbol Parameter 1 Unit
. Voltage | fucik | 25°c | 55°C | 85°C | 105°C | 2 @ 85 PC @c
scaling (MHz)
16 1.85 1.90 1.95 219/ 2?\\ (2(99/ 2.80
Range 2 8 1.10 1.15 1.20 d\ 1\%({\ 160 1.90
2 0585 | 0610 | o6 ([ oygo \N_J) T - -
16 1.50 1.45 1.65\\ m - - -
SMPS
R 8 1.00 1.05( \{oQ\ ERZ - -
Supply current | HCLK = fusi 2 0730 | /0750 \\ 0.780) |} 0.830 - - -
Ipp (Run) in Run mode | All peripherals v,
. disabled 48 555 |V o5 595 | 7.40 1.0 | 140
@ Range 1 32 3.85 3.9§\/9 4.05 4.20 5.60 8.40 130 | mA
N 16 245> 229 | 230 2.45 3.70 6.60 11.0
(J\) v
Py - - -
3 s //,8& 3.40 3.45 3.55 3.60
- & o %\Qz > 2.50 2.55 2.60 2.65 - - -
. \\1@ 1.60 1.60 1.65 1.70 - - -
\é )/ 2 0220 | 0235 | 0290 | 038 | 0270 | 0490 | 0.880
fucik =
(LF',%Dun) iﬁ“i@,"%ﬁ“ﬁiﬁé :"C;*; oh o 1 0120 | 0135 | 0185 | 0275 | 0150 | 0.390 | 0.780
~ & 0.4 0.058 | 0.0715 | 0.120 | 0210 | 0084 | 0330 | 0.710

AN

1. Guaranteed by chareCleri

Merwise specified.

soljsLIajorIRYI |BOLI}O3|T
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Table 37. Current consumption in Run and LPRun modes on CPU1 and CPU2, CoreMark code
with data running from SRAM1

Conditions Typ ( \
Symbol Parameter Voltage f it
. voae (rn?-leK) 25°C 55 °C Q @ \105
Range 2 16 2.5 255 \ 2.6#/ 275
) Range 1 48 8.00 . ((a13\[\\838 1 855
Ipp Supply current in f:IICIF_)Zri_pLMeSrlaIs 32 A { \\5\90 \ \)6-05 6.25
(Run) Runmode |7 PP s 18 | \\075s U0 4.95 5.00
Range 1 iﬁ \\é\;) R _//24.60 3.65 375 mA
/ 0 2.25 2.30 2.40
| Suppl tin |ficik =1 VNNENNDLES _ _ _
upply currentin | fucik = fusi
(LPDRDUH) LPRun mode All peripherals disabled \\1/> 0.185 - - -
N 4 0.0805 - - -
r

XXpG/GSTIMCEINLS
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§ Table 38. Current consumption in Run and LPRun modes on CPU1, CoreMark code
N with data running from SRAM1 m
»
Conditions Typ Mém\
Symbol Parameter v%t
- Voltage | fucLk | 25°c | 55°C | 85°C | 105°C | 25 5 & \1>
scaling (MHz)
16 190 | 190 | 200 | 2 \g\go / 40~ | 280
Range 2 8 110 | 115 | 1.20 (1(30\ 1\(1\3 460 | 2.00
e L DN
16 | 140 | 145 \\150 08 - - -
SMPS
. _ Range 2 8 1.00 @ \ 05 C\-/V)}O i} i} i}
oo | Supplycurrent | HOLK Z st 2 | opo |\zso\\oipgo [ o825 | - | - | -
(Run) in Runmode | . "~ " a8 | gps\] 5ea [ )59 | 605 | 650 | 670 | 7.0
8 Range 1 32 3.90 400 4.10 4.25 4.60 4.80 5.20 mA
— /
§ 16 N 2.20 <|72.25 2.30 2.45 2.50 2.80 3.20
; 48 3.45 3.50 3.60 3.65 - - -
0 Rsa 32 250 | 255 | 260 | 270 - - -
o /\ M6 160 | 160 | 165 | 1.70 - - -
NV 2 0.220 0.230 0.285 0.375 0.240 0.480 0.860
Iop Supply current | fyoLk
(LPRun) in LPRun mode | Al log 1 0.120 0.130 0.180 0.270 0.140 0.380 0.770
A\ 0.4 0.052 0.064 0.115 0.205 0.077 0.320 0.710

AN

1. Guaranteed by characte

less\qtherwise specified.
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Table 39. Typical current consumption in Run and LPRun modes on CPU1, with different codes

running from Flash memory, ART enable (cache ON, prefetch OFF)

Conditions Typ (m
Symbol Parameter Unj
- Voltage scaling Code 25°C N (\\ \A%%:
Reduced code 1.90 v /118.‘75_,
CoreMark(") . \ (11583
Range 2 Dhrystone 2.1 \ﬁ/:\ \/ﬁji
fucLk = 16 MHz v ; /T :
Fibonacci AU e 112.50
While(1) ).)so 100.00
Reduce%i(cod&\ \\ A a5 90.63
e }6/0\ Mark® )} )| 140 87.50
Range 2 ne 2. 1.40 87.50
frcLk = 16 MHz F.bon)y 1.40 87.50
- Run) | SUPBlY curtentin | fucuic= s o2 | while(7) 130 | LB e
bb Runmode | All peripherals disabled Reduced code 5.70 118.75
CoreMark(") 5.55 115.63
ange’1
Dhrystone 2.1 5.50 114.58
>f o= 48 MHz rystone
Fibonacci 5.40 112.50
While(1) 4.65 96.88
Reduced code 3.50 72.92
O < SMPS CoreMark() 3.40 70.83
Range 1 Dhrystone 2.1 3.40 70.83
g& fucLk = 48 MHz Fibonacci 3.30 68.75
=\ While(1) 2.90 60.42
A\ \vg

@

XXpG/GSTIMCEINLS
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® Table 39. Typical current consumption in Run and LPRun modes on CPU1, with different codes m
:‘% running from Flash memory, ART enable (cache ON, prefetch OFF) (continued) vm
Conditions Typ (\
Symbol Parameter Unit m\
- Voltage scalin Code 25°C \3{0
ge scaling L ()
Reduced code 0.225 v /112. L/
CoreMark(") {/‘1@0
Supply current in | fycLk = fms) = 2 MHz —
Ipp(LPR Dhryst 2.1 20 110.00 A/MH
oo un) LPRun mode | All peripherals disabled rystone N W H z
Fibonacei ¢\ ([ )]) 0rq_| 120.00
While(1) \\ \/’\9.3975 87.50
1. CoreMark used for characterization results provided in Table 36 and Table 39. x w

o

@

w

N

[(e}

3 &

py)

[¢)

<
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Table 40. Typical current consumption in Run and LPRun modes on CPU1,
with different codes running from SRAM1

A

. Conditions Typ ((I‘N
ymbol Parameter U/nu,\
- Voltage scaling Code 25°C (\ \& °C
P
Reduced code 1.95 v / 121\.‘88_//
CoreMark(" 196, 75
Range 2 Dhrystone 2.1 \/90 /1%);5
fuolk = 16 MHz | ; /7 :
Fionacsi  (\ (I J/ o | 118.75
While(1) \\ ))75 109.38
K
Fieduc§<(c0<j§\\ \\ {45 90.63
0
Range 2 GoreMai) ) ) ) | 145 90.63
SMPS ON hﬁ@Qne . 1.45 90.63
frcLk = 16 MHz FiboW 1.45 90.63
—
- Ru) Supply current | frcik = fusi & While(1) 1.35 . 84.38 Az
bb in Run mode | All peripherals disabled Reduced code 5.90 122.92
CoreMark(") 5.65 117.71
O Range 1
Dhrystone 2.1 5.70 118.75
Q> fadpk = 48 MHz rystone
Fibonacci 5.65 117.71
While(1) 5.10 106.25
Reduced code 3.60 75.00
& Range 1 CoreMark(" 3.45 71.88
> SMPS ON Dhrystone 2.1 3.50 72.92
fielk =48 MHZ | Eiponacei 3.45 71.88
= While(1) 3.15 65.63

XXpG/GSTIMCEINLS
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® Table 40. Typical current consumption in Run and LPRun modes on CPU1, m
:4;‘ with different codes running from SRAM1 (continued) vm
Conditions Typ (\
Symbol Parameter Unit m\
- Voltage scaling Code 25°C ﬁ \2\ °C
Reduced code 0225 \\ / 112550/
CoreMark(") 00
Supply current | frcLk = fusi = 2 MHz .
Ipp(LPRun)@® | . Dhrystone 2.1 225 112.50 A/MHz
po(LPRun) in LPRun mode | All peripherals disabled rystone N \6\ H
Fibonacei ¢\ (( ]) o2 | 112.50
While(1) \ \/’\9.\)95 97.50
1. CoreMark used for characterization results provided in Table 36 and Table 39. w
2. Flash memory in power-down mode.

o

@

w

N

[(e}

3 &

py)

[¢)

<
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Table 41. Current consumption in Sleep and LPSleep modes on CPU1, Flash memory ON

2N

O\

5] Conditions Typ M}X‘KU ))
Symbol Parameter & &\it
- ‘slggﬁr‘-:’s {K‘nﬂ-z") 25°C | 55°C | 85°C | 105°C 2%\3& \?\5{/
A
16 0.770 | 0.800 | 0.860 | 0.955 \y 00 / 1.30°A.60
Range2 | 8 | 0570 | 0600 | 0655 | 4748\ Y80 [[0gh0 | 140
2 0445 | 0470 | o @x@s \Q.\Q\@ Mo.860 | 1.30
48 170 | 1.70 sto) L{\({\e\)jz% 230 | 270
Supply current |fucik = fusi
Iop(S! . Range 1 32 1.25 30 |\ \1.40 50 | 160 | 190 | 2.30
oo(Steep) in Sleep mode | All peripherals disabled ange /1'3\ \ ))5
16 0.845 (0.8?1'\ \9\94&%05 110 | 140 | 1.80
a8 | 3k [\xd0 Y\ A5 | 150 - - - | mA
SMPS 32 \4.1\5\ ™M 120 | 1.25 - - -
o Range 1 —
%) 16 0.895 ¥ ‘04915 | 0950 | 1.00 - - -
w
B 2 & 0.068"] 0.0805 | 0.130 | 0.220 | 0.095 | 0.330 | 0.720
(J\) v
Py Supply current - 1 0.044 | 0.0565 | 0.105 | 0.195 | 0.069 | 0.310 | 0.700
2 Ipp(LPSleep)| in LPSleep | HCLK =fmst
- mode All peripherals disabled \0.4 0.0225 | 0.040 | 0.0885 | 0.180 | 0.052 | 0.290 | 0.680
O/\ ((\\ 7 0.1 0.018 | 0.032 | 0.081 | 0.170 | 0.045 | 0.280 | 0.670
1. Guaranteed by characterization results, unles is We/
o9 5
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3 Table 42. Current consumption in Sleep and LPSleep modes on CPU1 and CPU2,
N Flash memory ON m
Ry
Conditions (T \
Symbol Parameter (?P\
- Voltage scaling facLk }\MI—,?:\ \55\°C \\
119\\‘/ / 0.790"
Range 2 /(\\3 \\ %.’%85
AN
§ &\M 1.75
lop(Sleep) Supply current in facLk = fusi Ra 1 >) 32 130
DD P Sleep mode All peripherals disabled i
(\ N 16 0.870 mA
\\) ) 48 1.40
ange 1 32 1.15
w)
? > 16 0.905
w
N . %
© Supply current in facLk = fusi é >
; Ipp(LPSleep) LPSleep mode All peripherals-disabled 0.1 0.0165
2 x
Table 43. Current @nsu@i\\o\%\{_ﬁsm p mode on CPU1, Flash memory in power-down
A%
cogtrs )
Symbol Parameter Unit
«\ fm@(w—lz) 25°C 55°C 85°C | 105°C | 25°C 85°C | 105°C
\'MD 2 58.0 745 125 215 86.0 330 710
Iob Supply©arrent) 1 35.5 50.5 99.0 190 60.0 300 690 A
i als M
(LPSleep) | LPSle d 0.4 18.5 335 815 170 41.0 280 670
<\O 0.1 11.0 26.5 74.5 165 36.0 280 660
1. Guar: h \o/ Its, unless otherwise specified.

5&

a%ﬂizati n resu
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Table 44. Current consumption in LPSleep mode on CPU1 and CPU2,
Flash memory in power-down

()

Conditions Typ
Symbol Parameter ni
- f MHz 25°
HeLk (MHz) 5 Vm
z Ry )]
Suppl ti f =f 1 6.
lop(LPSleep) Ijggligs rrrneondt;n ,;F;zripr':/lesrals disabled 0.4 \ \g\}lqs\ (\’% WA
o\ ([ AN\ 12p
(l\ .
@
Table 45. Current consumption in @Q
Conditions Ty Max(1)
Symbol Parameter &\\ b\\ \ \> Unit
Vpp(V) | 0°C | 25°C ?asx: 105°C | 0°C | 25°C | 85°C | 105°C
1.8 0.545 | 0.830 2.4§\ 8.45 13.5 120 | 220 | 24.0 66.0
Ipp Supply current in Stop 2 mode 24 0.525 %0 260" | 8.80 14.0 - - - -
(Stop2) |RTC disabled 3.0 0605 o885 | 2.80 | 9.25 145 | 110 | 260 | 26.0 69.0
3@1( \Q\.Qso 0935 | 3.10 | 9.75 155 | 140 | 2.80 | 26.0 71.0 A
7—1g\\ | 0850 | 0.880 | 2.55 | 8.25 135 | 1.30 | 230 | 240 | 66.0
- 'D; " Supply current in Stop 2 mode \ 22\\ \D0.630| 0.945 | 2.70 | 8.85 14.0 - - - -
op 2 wi
RTC) RTC enabled, clocked by L \\\my 0.715| 1.00 | 290 | 9.70 15.0 | 1.40 | 280 | 26.0 69.0
> 3.6 0.750| 110 | 3.15 | 105 155 | 150 | 3.00 | 26.0 71.0

1. Guaranteed based on test during chaxagterizati

QA
Wm ot

rwise specified.
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8 Table 46. Current consumption during wakeup from Stop 2 mode &\\
> Typ at 25 °C U
~ Conditions Uk
Vpp =1.8V Vpp = 2.4V Vpp =3.0V vD[( 3.6 P
Wakeup clock: MSI 4 MHz, voltage range 2 2.93 3.22 345 //\\4\7{{ \\ -~
Wakeup clock: MSI 2 MHz, voltage range 2 4.44 5.03 5.82 \ U } }7.3 N
Wakeup clock: MSI 4 MHz, voltage range 1 3.03 3.14 3HN \ ( ( 4,66 nAs
Wakeup clock: MSI 16 MHz, voltage range 1 1.75 1.95 ?@0 \\ \ " 306
Wakeup clock: MSI 48 MHz, voltage range 1 1.75 140 //\‘\ 1\@9\ \\ D 2.80
RSN
Table 47. Current consumption in ;’ﬁp\\\m e
Conditions T Max(!)
Symbol Parameter A\ )}?\ \\ \\ Unit
Vpp(V) | 0°C | 25 °c(/ °C \35\9 Yos°c | 0°c | 25°c | 85°c | 105°C
9 1.8 2.05 | 4.00 121\6\/ 447?6 74.5 6.10 | 20.0 200 480
CE Ibb Supply current in Stop 1 mode 24 2.15 | 3.95 14(9 47.0 75.0 - - - -
© (Stop 1) | RTC disabled 3.0 2.15 é./?s 14.0 | 475 755 | 590 | 20.0 | 200 490
Py
3 353\//\\%25 420 | 140 | 48.0 765 | 620 | 20.0 | 200 490 A
N 13\\ ‘Q\\Q 410 | 140 | 47.0 750 | 6.30 | 20.0 | 200 480
<t lD'13 " Supply current in Stop 1 mode> ( \2\3\\ 2Y5 | 410 | 140 | 475 75.5 - - - -
( (F’{F’TC‘;‘” RTC enabled, clocked by LSI?) N.30) [225| 420 | 140 | 475 | 760 | 640 | 210 | 200 | 490
A 36 230 | 415 | 145 | 485 770 | 670 | 21.0 | 200 490

\ n\@\ﬁ%erwise specified.
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Table 48. Current consumption during wakeup from Stop 1 mode

4 Typ at25" @
yp at 25 °C
- Conditions Unit
VDD =1.8V VDD =24V VDD =3.0V VD[{ 3.6 A
Wakeup clock: MSI 4 MHz, voltage range 2 1.05 1.15 109 //\\ ‘T\T\Q \\ -~
Wakeup clock: MSI 2 MHz, voltage range 2 1.81 1.81 212 \ U } }2.4 N
Wakeup clock: MSI 4 MHz, voltage range 1 0.766 1.23 134 \ / / 149 nAs
Wakeup clock: MSI 16 MHz, voltage range 1 0.310 0.169 ({.Q35 \\ \ 0836
. g
Wakeup clock: MSI 48 MHz, voltage range 1 0.0707 0.461 P /\\P\G\z‘i{ \\ \) 0.565
PN
Table 49. Current consumption in ;’ﬁﬁ\s\m
Conditions Ty|\\ \\ \\ Max(1)
Symbol Parameter V. Unit
- (3;’ 0°C | 25° 105 °C| 0°C | 25°C | 85°C | 105°C
@]
@ 1.8 | 335 345 ?@5" © 415 455 480 500 740 | 1200
w
B Iob Supply current in Stop 0 mode 24 360 &0 395 445 485 - - - - A
w .
- (Stop 0) RTC disabled 3. 9/\390 400 425 475 515 540 570 800 1200 H
[¢)
< 435 460 515 550 580 600 840 1300
1. Guaranteed based on test during characterizatior@nless 0 e %@ledv
Tg&%%r\ eonsumption during wakeup from Stop 0 mode
\> Typ at 25 °C
&ditiong\\ Vv 1.8V Vv 24V Vv 30V Vv 36V Untt
N //‘\\ pp=1. pD = 2. pp = 3. pp = 3.
Wakeup clock: MS| 4\M);kz,\\?JKage\e\lg;\ey 3.45 3.76 3.45 4.04
Wakeup clock: Mﬂ@\/ﬂ\z&o\@ ge 2 3.05 3.20 3.74 3.35
Wakeup cIo&WXA\MHZ\R}ga}ﬁ range 1 3.20 3.66 3.30 4.1 nAs
Wakeup,/e@vk\ Sl ’rQ\MHz Voltage range 1 1.07 1.25 1.71 1.80
W{ak\e WWMHZ voltage range 1 0.867 1.13 1.39 0.949

O
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Table 51. Current consumption in Standby mode

Conditions T Max(" ) ) \
yp P U .
Symbol Parameter v it
- DD | g°Cc | 25°C | 55°C | 85°C | 105°C | 0°C | 25° °C 5
(V) /\\
1.8 | 0.009 | 0.027 | 0.245 | 1.00 2.40 - \\ 5 ) ) AN
24 0.022 0.051 0.340 1.35 2.85 - - -
No retention X\ \\ (/A
Supply current in 30 | 0.046 | 0.071 | 0470 | 1.75 3.40 ( ( \\ \/ -
lp | Standby mode 36 | 0075 | 0.125 | 0650 | 2.30 -\ W )\ - -
RTC disabled
(Standby) | B ckup registers 18 | 0130 | 0205 | 0820 | 290 {\ 585 //0200-1/0550 | 820 | 24.0
retained 24 0.140 0.225 0.915 - 05 - - -
SRAM2 retained N \\5 ) )
30 | 0165 | 0.255 | 1.05 ( (3.70\ \6\60&_,9./280 0.710 | 9.40 27.0
36 | 0190 | 0.300 f,\éq \\25 \ 7\25 0.330 | 0.770 | 10.0 28.0 A
18 | 0215 | 0295 | /8 3o/ 5.30 - - - -
RTC clocked by LSI 24 0.230 0.325 0.990 W\ 5 5.95 - - - -
Supply currentin | pREDIV = 1 ; , ; ;
| Standby mode ( ) 30 | 0260 | 0360 | 1151395 | 6.85
DD (backup registers 3.6 0.305 0.4 1.30 455 7.85 - - - -
(Standby d SRAM?
ith RTC) | 2" 18 [~gZ78\ 0.350 | 0975 | 315 | 580 - - - -
w retained)
RTC clocked by LSE 0295 |\9-3%0 | 110 | 350 | 6.25 - - - -
RTG enabled | quartz®)in low drive VN
mode (40 N\§345 | 0445 | 125 | 400 | 6.85 - - - -
S\?Q 3B [ )0415 [ 0535 | 145 | 460 | 755 - - - -
1. Guaranteed by characterization results, un{ess oth rwiéﬁeciﬁed.
2. Based on characterization done with@\32.7 z\¢rirstal (MC306-G-06Q-32.768, manufacturer JFVNY) with two 6.8 pF loading capacitors.
O (\ . Current consumption during wakeup from Standby mode
\) Typ at 25 °C
Symbol Conditions Unit
M VDD =18V VDD =24V VDD =3.0V VDD =36V
"Wakeup clock: MSI 4 MHz 23.5 81.3 111 114
{90 (w. fram\Standby) nAs
N Wakeup clock: MSI 8 MHz 15.2 15.7 17.3 19.6
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Table 53. Current consumption in Shutdown mode

AN

1. Guaranteed by characterization resu

2. Based on characterization done with

=
&V

e&i’eﬁ

C306-G-06Q-32.768, manufacturer JFVNY) with two 6.8 pF loading capacitors.

5] Conditions Typ Max“)/\u )) \
Symbol Parameter v N it
- (3')3 0°C | 25°C | 55°C | 85°C | 105°C | 0°C | 25° °C \5°
N
18 | 0.001 | 0.008 | 0.105 | 0.380 | 0.995 | 0.001 \6\6433 } /1 TO}—6/40
| Supply current in Shutdown mode 24 | 0008 | 0018 | 0135 | 0445 | 1.20 ﬁ \\\ ( W -
sh tE:jD RTC disabled —
(Shutdown) | 5 kup registers retained 30 | 0018 | 0031 | 0180 | 0545 | 1 w78 \\b. 240 | 850
p reg
36 | 0.041 | 0.062 | 0.260 | 0.690 \1\.)80 ,//w/ 190 | 290 | 9.90
18 | 0.054 | 0.065 | 0.145 f(ﬁ?\s\ \ 35 QJ - - -
RTC dlockedby | 24 | 0090 | 0105 | 0200 \?\665 \‘r\ﬁo - - - - "
Supply current | 21 &Xemaldlock 5010160 | 0.175 6./2§§\ 0'880—/1.95 - - - -
O in Shutd
2 Iop ';ode”(bgfk”u 36 | 0250 | 0.280 | 0.440 %5 245 - - - -
@ (Shutdown | P 4
S i registers 18 | 0140 | 01557t 0270 | 0605 | 1.20 - - - -
; with RTC) retained) ] ' ' [ ) ]
o RTC enabled | RTC clocked by 24 <({(r65\ 0.185 | 0.315 | 0.705 | 1.40 - - - -
- LSE quartz @in
low drive modg-, % b\%&Q \Db.225 | 0380 | 0.855 | 1.70 - - - -
K\OQ \K )92@5) 0295 | 0500 | 1.10 | 2.10 - - - -
rwi S
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g Table 54. Current consumption in VBAT mode =\
:4% Conditions Typ P Ma& \
Symbol Parameter Vv Upi
BAT 0°C 25°C 55°C 85°C °C 105 %C
W N
1.8 1.00 3.00 19.0 95.0 \\| 18()) 200
24 1.00 3.00 22.0 0 20, 1.00
RTC disabled M\ b
3.0 1.00 5.00 31.0 ( ( 15@\\ \ 270V 1.00
i 36 3.00 11.0 220 380 3.00
lop(VBAT) Backup domain B ?0;9\\ \\ \ \> A
supply current 1.8 140 150 \\ \180 /1\ 76 390 140
RTC enabled and 2.4 155 170~ |\ \200 " ) )310 435 155
clocked by LSE quartzl") [ 370 185 (%00 \235°" 375 545 185
3.6 230/ ‘Q\XQ \ ‘@5 485 710 230
1. Based on characterization done with a 32.768 kHz crystal (MC306-G-06Q-32.768, manufa%(ur VN i 0 6.8 pF loading capacitors.
)
g Table 55. Current under Reset dition
N R N
© Conditions Typ
; Symbol & Unit
3 w v) 25°C
- NEX
$9% 4V 650
'oo(RST) 2 Q\({Q>\\§o v 700 KA
<\V\\ \\ 36V 780

&

O

S
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STM32WL55/54xx Electrical characteristics

Caution:

1/0 system current consumption

The current consumption of the I/O system has two components: a static and a

1/0 static current consumption

All the 1/0Os used as inputs with pull-up generate current consumption whe
externally held low. The value of this current consumption can be simply cop
the pull-up/pull-down resistors values given in Table 75: I/O static char;

8§ catsed i i
is i iguration is
a) ke avdided by configuring

put pins-which should be

trigger circuits used to discriminate the input value. Unless t
required by the application, this supply current consumptjon
these I/Os in analog mode. This is notably the case of
configured as analog inputs.

floating pins, these pins must either be configu
definite digital value. This can be done either b
configuring the pins in output mode.

1/0 dynamic current consumption

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

Table 56: Peripheral current consumption, the 1/0sUsed by an application also contribute to
the current consumption. When an 1/O pi itches, it uses the current from the 1/0O supply
voltage to supply the I/O pin circuitry an charge/discharge the capacitive load (internal or
external) connected to the pin:

Vpp X fgw x C

where
e Igwisthe curfeh
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Electrical characteristics STM32WL55/54xx

On-chip peripheral current consumption

The current consumption of the on-chip peripherals is given in the table below. T

placed under the following conditions:

e Alll/O pins are in analog mode.

e The given value is calculated by measuring the difference of the currg
— when the peripheral is clocked on
— when the peripheral is clocked off

e Ambient operating temperature and supply voltage condition
Voltage characteristics.

e  The power consumption of the digital part of the on-chip periphera
below. The power consumption of the analog part of the [pg 2L
is indicated in each related section of the datasheet.

Table 56. Peripheral current consu @

is given in the table
ere applicable)

Peripheral Range 1 Ran&& I/_EB)} and LPSleep Unit

CRC1 0.42 088 1.00
DMA1 2.29 K\1 .SN N 1.45

AHB1 |DMA2 250 \1\{4\) / 1.50 UA/MHz
DMAMUX1 396 || 338, 2.50
All AHB1 peripherals 9.17 \756 9.30
GPIOA 0.01 012 0.20
GPIOB 0.01 /7 0.12 0.15

AHB2 | GPIOC 0.01 0.12 0.15 HA/MHz
GPIOH (ﬁ@\{q\ 0.06 0.10
All AHB2 peripherals wsz\/ 0.56 0.40
AES1 ((“\\}30 213 1.80
FLASH /\\\) 7.92 6.56 1.3
PKA 3.33 275 2.15

o (\Q\\h\ 1.04 N/A N/A A
RNG1 independent clckk\\(sq 0.62 N/A N/A
SRAM1 \\))\’ 0.62 0.38 0.55
SRAM2 N(\ 0.42 0.37 0.50
AnAH@K}h{M 16.0 13.4 16.0
DAC 0.83 0.69 0.50
|2C/1>Q\ 4 1.67 1.37 1.05

APB1 f\n{e}e@ent clock domain 2.29 1.94 1.40 LAMHZ
2%2 RN 1.67 1.37 1.05
O %@erendent clock domain 2.50 2.00 1.60
Q‘rzg%/ 167 1.37 0.90

~/
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STM32WL55/54xx Electrical characteristics

Table 56. Peripheral current consumption (continued)

All peripherals(¥) ~ \\J 62.9 52.3 59.7

Peripheral Range 1 Range 2 LPRun and LPSIee/p;s\{}ﬁ\
I12C3 independent clock domain 2.29 1.87 1.30 \>
LPTIM1 1.67 1.44 150 /7~
LPTIM1 independent clock domain 2.50 2.19 1.45 \\ >
LPTIM2 1.67 1.37 m
LPTIM2 independent clock domain 2.50 2.12 <\\1>55 \\ />
LPTIM3 0.83 0.69 \0\65 \\//
LPTIM3 independent clock domain 2.29 1.94 M 7
Y
. LPUART1 2.08 181 \\\}f? -
: UAMHZ
I&Erl;’;':ﬂ independent clock 250 206 ((\? \—16/5
AN N\
RTCAPB 2.08 18\ | . // 150
SPI2 1.46 149 0.90
TIM2 458 (EENN 2.95
USART2 188 \\1\{6\) / 1.35
USART?2 independent clock domain 4.58 Lr 3.7% 3.05
WWDGH 0.42 \Q\é( 0.05
All APB1 peripherals(" 19.6 Y6.1 20.2
ADC 1.25 // 1.00 0.70
ADC independent clock domain 0.21 0.13 0.30
SPI1 N((\1\%5\ 1.06 0.90
TIM1 6.25~ 519 8.30
APB2 |TIM16 /(‘\\\z.\?g 1.94 1.35 WAMHz
TIM17 O N\ )229 1.87 1.25
USART1 Y 1.67 1.38 1.00
USART1 independen’}w 4.17 3.38 2.90
All APB2 peripheralsm\ ~ 15.8 13.0 15.8
VAN
SUBGHZSPI 1.46 1.25 1.10
Al APB@@@@&\ 1.46 1.25 1.10 WAMHzZ

1. Without indepepdentclo s.\>

5.3.8 a time from low-power modes and voltage scaling

ion times
O %wakeup times given in the table below, are the latency between the event and the

cution of the first user instruction.
;The device goes in low-power mode after the WFE (wait for event) instruction.

DS13293 Rev 1 971147
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STM32WL55/54xx

Table 57. Low-power mode wakeup timings(!)

Symbol Parameter Conditions Typ M%W
Wakeup time from \> \/
twusLEEP Sleep to Run mode ) 0'182(/_6%
s
Wakeup time from Wakeup in Flash with memory in power-down \_{»“
twuLpsLeep | LPSleep to LPRun during LPSleep mode (FPDS = 1 in PWR_CR1) . \4\’3\__
mode and with clock MSI = 2 MHz A />
Wakeup clock MSI = 48 MHz 2.14\\/2%0
Wakeup clock MSI = 16 \2.\(8 V358
Wakeup clock HSI16 = K’@\MHZ ) -
Wakeup time from To Run mode Wakeun clock HSHB= y
twusTopo | Stop 0 rr(120)de in Flash | (Range 1) with HSE)IKERON bl 1.01 | 113 | s
memory A
Wakeup clock\(s{’= 4\I\//I/Iiz) / 6.79 | 8.21
Wakeup W\%{M‘Hz/ 104 | 12.2
To LPRun mode Wakeup(d@ckh&%\mHz 105 | 12.3
Wakeup W}s MHz 515 | 6.55
Wak[@u\,\slgci/n@ =16MHz | 573 | 7.14
Wakeup Myéms: 16 MHz | 5.71 | 7.10
Wakeup time from foRunmode I Vakeup clook HSH6 = 16 MHz
twusTop1 | Stop 1 mode in Flash | (Range 1) " SpIKERON nabled 457 | 652 | s
memory(?) } y
Wékeup clock MSI = 4 MHz 8.43 | 9.93
//\\ Wakeup clock MSI =2 MHz 11.9 | 13.7
To LP@.@ode "Wakeup clock MSI = 2 MHz 10.6 | 13.9
% Wakeup clock MSI = 48 MHz 556 | 6.85
O Wakeup clock MSI = 16 MHz 6.32 | 7.59
Wakeup time from 4 e Wakeup clock HSI16 =16 MHz | 6.28 | 7.51
twustopz | Stop 2 rr(g))de in Fl (Ranger) Wakeup clock HSI16 = 16 MHz | oo | o oo | S
memory @ with HSIKERON enabled ' '
Wakeup clock MSI =4 MHz 9.69 | 10.9
% Wakeup clock MSI = 2 MHz 14.0 | 154
. Wak Range 1 Wakeup clock MSI =4 MHz 34.3 | 39.2
WUSTBY S@% Ry ode Wakeup clock MSI = 8 MHz 224 | 256 us
Wakeupim fra% _
twusHUTD own ToRun mode Range 1 Wakeup clock MSI =4 MHz 264 | 316
1. Guarant \c/i ch rization results (Vpp =3V, T =25 °C).
2. Wakeyp-time™ iralent when code is executed from SRAM1 compared to Flash memory. It is also equivalent when
Qoin% er than Range 1.
DS13293 Rev 1 1S7]
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STM32WL55/54xx Electrical characteristics

Table 58. Regulator modes transition times(!)

Symbol Parameter Conditions Typ M%?@ﬂ;\
twuLPRUN ;rgg:zg)on time from LPRun to Run Code run with MSI = 2 MHz 19.6 \> \/7
Regulato(g)transmon time from Range 2 to 219 29 us
Range 1 \\
tvosT Code run with HSI16
Regulator transition time from Range 1 to
(3) A
Range 2

1. Guaranteed by characterization results (Vpp =3V, T =25 °C).
2. Time until REGLPF flag is cleared in PWR_SR2.
Time until VOSF flag is cleared in PWR_SR2.

5.3.9 External clock source characteristics

Crystal oscillator

The devices include internal programmable™cap s that can be used to tune the
crystal frequency in order to compensate the PCB patasitic one.

Characteristics in the tables below, are measured over recommended operating conditions,
unless otherwise specified. Typical valueére referred to Tp =25 °C and Vpp =3 V.

Table 59. HSE32 crystal requirements“)

Symbol Parameter é&%onditions Min | Typ | Max | Unit

from | Oscillator frequency m - - 32 - MHz
¢ el ) - - | 210

froL Frequency accuracy Q (Wwerature (-20to 70 °C) - - +10 | ppm
%& 7\g|\\n/g over 10 years - - +10
Cload |Load capacitance® QN ~) - 95 | 10 | 105

pF
Cohunt Crystalshuntca@&'t@n@b - 03 | 06 | 2
Crotion | Crystal motional capasitarice : 13 [ 189 | 25 | fF
entsjs

ESR C%@% : - |30 | 60 | 0
resistan
Pp  |Driveaven N - - - | 100 | ww
° >

1. 32 MHz XTAL is.specified for two specific references: NX2016SA and NX1612SA.

e managed by internal programmable capacitances at calibration phase. No need to add external
values indicated take into account the combination of the two foot capacitances.

Y, DS13293 Rev 1 99/147
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Table 60. HSE32 oscillator characteristics

Symbol Parameter Conditions Min | Typ /R

Startup time for 80% amplitude VooRer stabilized, L

tSUA(HSE) o SUBGHZ_HSEINTRIMR = 0x12, - 1 -
stabilization -40 to +105 °C temperature range (\\

g

VDDRF Stabilized,
SUBGHZ_HSEINTRIMR = 0x12, -
-40 to +105 °C temperature range A g

¢ Startup time
SUR(HSE) | for HSEREADY signal

W)

X
o

. HSEGMC = 000,
IpprF(HsE) | HSE32 current consumption SUBGHZ_HSEINTRIMR = 0x12 \ - HA
SUBGHZ_HSEINTRIMR \
XOTg(Hse) granularity \ 5
SUBGHZ_HSEINTRIMR PP
XOTfpHsE) frequency_pulling @iﬁﬁ/ +30 -
SUBGHZ_HSEINTRIMR Capacitor barg /
XOTrb(HSE) | nymber of tuning bits = - 6 ) bit
SUBGHZ_HSEINTRIMR settin
XOTSI(HSE) time - 9 m - - 0.1 ms
AN
For more information about the trimming meth gyof the oscillator, refer to application
note HSE trimming for STM32 wireless MCUs (A 2).
TCXO regulator
Table 61. HSE32 TCXO re%ator characteristics
Symbol Parameter //\\ Conditions Min Typ Max Unit
Regulated voltage range for N NV
VTCXO TCXO voltage supply > VTCXO +200 mV 1.6 1.7 3.3 \Y
ILTCXO Load current for TCX%regu%@r -\\ - 1.5 4 mA
~
TSVTCXO | Startup time for TCXQO/}e Iatar M enable to regulated voltage | - 50 us
within 25 mV from target
>
IDDTCXO Current consumpti w Quiescent current - - 70 HA
regulator N Relative to load current - 1.6 2 %
. Provided through a 220 Q resistor
ATCXO ?grzhtude \: ai \Cexﬁ miil in series with a capacitance 0.4 0.6 1.2 | Vpk-pk
N é OQSC_Np (voltage divider)("

1. Inorder to mini\éi S u%ﬁ?{tion, the capacitance value must be calculated such that an amplitude of
0.4 to 0.5 Vpk-pk omOSE_INYs’obtained. For TCXO output voltage of 0.8 Vpk-pk, 10 pF can be used.

o eed external user clock generated from an external source

-speed external (LSE) clock can be supplied with a 32.768 kHz crystal resonator
O {llator. The information provided in this section is based on design simulation results
xo ined with typical external components specified in the table below. In the application,

S74
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STM32WL55/54xx Electrical characteristics

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 charactexistics
(frequency, package, accuracy).

Table 62. Low-speed external user clock characteristics(!) (<\

Symbol Parameter Conditions Min /I’/ym \MaL) Unit
/2

LSEDRV[1:0] = 00 - Low drive capability - A \250 \
| LSE current | LSEDRV[1:0] = 01 - Medium-low drive capability | - 315 \V/ "
PBUSE) | consumption  [| SEDRV[1:0] = 10 - Medium-high drive capability .0 |-
LSEDRV[1:0] = 11 - High drive capability \\ o -
LSEDRV[1:0] = 00 - Low drive capability - ./ 0.50
. AN
Maximum LSEDRV[1:0] = 01 - Medium-low drive ca@&t}z Z/\\ - 075
Greritmax | critical crystal MAN
o LSEDRV[1:0] = 10 - Medium-high drive cap W - 1.70
LSEDRV[1:0] = 11 - High drive capabiffy—\. - - 2.70
tSU(LSE)(2) Startup time | Vpp stabilized \\ \\\ - 2 - ]
1. Guaranteed by design. S—/
2. tsysk) is the startup time measured from the moment it is enabl ftwarg) until a stable 32.768 kHz oscillation is
SU(LSE)

reached. This value is measured for a standard crystal and it can vary signifi y with the crystal manufacturer.

For more information on the crystal selectign, refer to application note Oscillator design
guide for STM8AF/AL/S, STM32 MCUs ?é MPUs (AN2867).

Figure 15. Typical application with a 32.768 kHz crystal

Resonator with integrated @
NV

capacitors

| : fLSE
Drive

programmable
amplifier

e AR 0SC32_0UuT

<>/\ : MS30253V2
N
Note: I\é@siﬁors are required between OSC32_IN and OSC32_OUT, and it is forbidden
one.

he
S

Y,
N

mode, the LSE oscillator is switched off and the input pin is a standard GPIO.
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The external clock signal has to respect the 1/0O characteristics detailed in Section 5.8.
I/0 port characteristics. The recommend clock input waveform is shown in the figu

Figure 16. Low-speed external clock source AC timing diagram

MS19215V2

Table 63. Low-speed external user clock characte%sgcs(@):ass mode
-

Symbol Parameter Conditions . \\@{1 Typ Max Unit
User external clock source
fLse_ext | fraquoncy - K X\yy 32768 | 44.4 kHz
Vv OSC32_IN input pin high- ) \—-O(? X ) Vv
LSEH | level voltage " Voox DDx v
OSC32_IN input pin low- y
VLSEL | jeyel voltage ) Vss ) 0.3 x Vbpx
fw(LSEH) 0SC32_IN high or low time ﬂ 250 - - ns
tw(LsEL)
folLsE

Inclu initial accuracy,
Frequency tolerance stabilty ov perature, =500 - +500 ppm
agin d frequ€ncy pulling

1. Guaranteed by design. Q
NN
5.3.10 Internal clock s acteristics

Parameters give table’below are derived from tests performed under ambient
temperature an p age conditions summarized in Table 25: General operating
conditions. The prowiged curves are characterization results, not tested in production.

High-sp i (HSI16) RC oscillator
O A ble 64. HSI16 oscillator characteristics(!)
Symbol (7\\\7l=arameter Conditions Min | Typ | Max | Unit
fHS|16<\/>434\\311\6 freqUency Vpp=3.0V,To=30°C| 15.88 | - | 16.08 | MHz
w

N\

3
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Electrical characteristics

Table 64. HSI16 oscillator characteristics(!) (continued)

Symbol Parameter Conditions Min | Typ )ll;aQ \I't\
Trimming code is not a 0.2 03 \5_4
multiple of 48 o
TRIM HSI16 user trimming step
Trimming code is a 4 B k _\
multiple of 48
DUCYHSIT6) | by oycle ) 4<5\ Q\ /5;5 %
T.=0t085°C -1 \W/1
Atemp(HSI16) | HSI16 oscillator frequency drift ! - \ \\/
Tj=-40t0 125 °C % - 1.5
Aypp(HSI16) | HSI16 oscillator frequency drift over Vpp [Vpp=1.8 V1o 3.6 V \—0.1 \\) 0.05
t,(HS116)@) | HSI16 oscillator start-up time - < 0.8 1.2
y (N N
tan(HS116)@ | HSI16 oscillator stabilization time - <\\> (/\\ 3 5
IDD(HSI16)<2) HSI16 oscillator power consumption - \\ Zy 155 190 MA
1. Guaranteed by characterization results. \
2. Guaranteed by design.
Figure 17. HSI16 frequenc%s temperature
MH A \Y
V4
16.4
+2 %
16.3
+1.
16.2 ‘\ /_\ +1 %
16.1
* / \) RSl \
15.9 U
QO <
1%
15.8
z\Z/\\/y
A -1.5%
15.7 N =
15.6
-@ 0 20 40 60 80 100 120 °C
A Mean Min —@— Max MSV66006V3
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Table 65. MSI oscillator characteristics!"

Multi-speed internal (MSI) RC oscillator

Symbol Parameter Conditions Min | Typ \Max &{n’/?
Range 0 98.7 16(( ) W
Range 1 197.4 /@}\ 202§ »
z
Range 2 394. ( AR@\ :
Range 3 7898 8op| 6704
Range 4 987 \1 \A1.013
Range 5 1.9 2.026
MSI mode 9 ( \%
Range 6 a8 ) 4 4052
Range 7 A ( ( Lr%g\%- 8 |04
Range 8 \ N _1)")-,79 16 |16.21
Range 9 \ 2369 | 24 [24.31
MS! frequency Range 10 (( S)\\V[3158| 32 [3242
after factory Range 11 4738 | 48 |48.62
fusi calibration, done as \\\))
at Vpp= 3 V and Range O NN - | 98304 | -
Ta=30°C Range 1 \\// - |19e608| - |
z
Range 2 % - |393216| -
Range /37 - |786.432| -
Range 4 - | 1016 | -
PLL mod e5 - 1.999 -
XTAL= <
32.768 R Range’6 - 3.998 -
"Range 7 - Tess | - |
z
O Q )?ange 8 - 15.991 -
<§ Range 9 | 23986 | -
%gw Range 10 - 32.014 -
% Range 11 - | 48.005 | -
MS! osci \m\/ T;=01t085°C 35| - 3
A (MSH@ | frequ i Sl mode %
TEMP EmpRrdtrs T)= 40 t0 125 °C 8 - 6
DS13293 Rev 1 Kyy
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Table 65. MSI oscillator characteristics(") (continued)

it

|7

Symbol Parameter Conditions Min Typ

Vpp =
1.8 to3.6V -1.2

/X
O
Range 0 to 3 RN N
ange 0 to Vop - e &K\O\\’\
24 to36V
N—"
ﬁ7

MS! oscillator Vo= | 25 m
i . 0 o.
Avpp(Ms)@ | Treauency drift 1 y,q) e |Range 4 to 7 Q

over Vpp Vpp = \/ .
(reference is 3 V) 24 t03.6V P 08 } %
Vop = _5 w
R 8 1o 11 1.8 to3.6V ]
ange 8 to
J 7

Vbp = ) ~ 6 .
24 & V :\\1\
Frequency T;=-401t0 85 °C /| 1 2
AFSAME‘;}Q‘)G variation in MSI mode \\ C‘/
(MSh sampling mode(® Tj=-40to 12m - 2 4
A4

. 4) | RMS cycle-to- ) ) )
CC jitter(MSI) cycle jitter PLL mode Range 11 (\ 60 os
P jitter(MSI)® |RMS period jitter |PLL mode Range 11 L /5 - 50 -
Range 0 > / - - 10 20
Range 1 ~ M - 5 10
tu(MSH MSI oscillator Range 2 (/ - - 4 8 s
Su start-up time Range 3 . - 3 7 | "
/N
Range 3\({7\\ - - 3 6
Range 80N - - 25 6
4 ,
>:h“//o of final _ ) 0.25 05
O requency
. 4 )
@) | MSI oscillator 0 5 % of final ) )
tsTaB(MS) stabilization thné{| Range™! | frequency 0.5 1.25 | ms
1 % of final ) ) ) 25
/\\)\/ frequency ’
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Table 65. MSI oscillator characteristics(") (continued)
Symbol Parameter Conditions Min Typ }ll}? \it\
Range 0 - - 0.6 \>1 \/7
Range 1 - - 0 /‘\4\% \/
Range 2 - - 1\{\ 1)\

Range 3 - - //-\1\\% Ny
Range 4 - <\> 4)(\ /}5

o (MSH® EAOS\A'/;SC'"“OF MSland | Range5 - - 6.5\\/ 9 "
DD N4
consumption PLL mode Range 6 - /’_\ \(| 15

Range 7 - - \1%./5 25

Range 8 —//\\ ﬂ 62 80

Range 9 <\-\> (/’\\ 85 | 110

Range 10 NN\ g | 1o | 10

Range 11 //—~0 N\ | - | 155 | 190
\Y

This is a deviation for an individual part once the initial frequency/has been"mg

Guaranteed by characterization results.

Sampling mode means LPRun and LPSleep modes with temper sor disabled.

o bd =

Guaranteed by design.

3
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Figure 18. Typical current consumption vs. MSI frequency

[HA] —8—RangeO0to3 —#—Rangedto7 Range 8 to 11 Q
48\Hz >

256
128 16MHz

64

32 8MHz

. @
8 1MHz
2
100KHz 800KHz
1

v 0.1 0.2 0.4 0.8 1.6 3.2 6.4 12.8 25.6  Freq
A [MHz]
Low-speed internal (LSI) RC oscillator
Table 66. L;@Qr characteristics("
Symbol Parameter — \\ ™ Conditions Min | Typ | Max | Unit

f . K\Q@ =3V, Tp =30 °C 3104) - [3296|
requency z
e O<\ Vih=181036V,Tj=-4010125°C | 29.5 | - | 34

tsy(LS))® | LS oscillator stakpgime \ - - | 80 | 130

< us
tsa(LS)@ |LSI osciuatorstg\@&kw 5 % of final frequency - |125] 180

LSI oscillatorpower
lop(LSH® consumption@ ) - |10 180 | nA
1. Guaranteed by ¢ tepizatio \rt/
2. Guaranteed b@esig B

Q
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5.3.11 PLL characteristics
Parameters given in the table below are derived from tests performed under te
and Vpp supply voltage conditions summarized in Table 25: General operating
Table 67. PLL characteristics(" N
Symbol Parameter Conditions Min %}é\ \
f PLL input clock® - 2.({ \
PLL_IN . N
PLL input clock duty cycle -
| N
; PLL multiol ock P Voltage scaling Range 1 3\ -\/
multiplier output cloc
PLLP_OUT Voltage scaling Range 2 ( ( \x \— 16
; PLL multiol ock Q Voltage scaling Range 1 12> " 48
multiplier output cloc!
PLLQouT Voltage scaling Range 2 m)/—kﬁj - 16
<7 MHz
Voltage scaling Range 1\ ))12 - 48
f PLL multiplier output clock R
PLL_R_OUT - ]
Voltage scaling Range 2 12 - 16
Voltage scaling Rapge 1 96 - 344
fyco_out |PLL VCO output : 6(\\\\
Voltage scahng;\Ran \ )) 96 - 128
tLock PLL lock time - 15 40 us
" NN
RMS cycle-to-cycle jitter - 40 -
Jitter System clock 48 MHz ps
RMS period jitter - 30 -
VCO freq = /g@MHz - 200 | 260
Iop(PLL) \P/""(ﬁ’)c’wer consumption on VCO freq =192 MHz - | 300 | 380 | pA
DD
YCQfreq = 344 MHz - | 520 | 650

1. Guaranteed by design.

2. Take care of using the appropriate division fa
between the two PLLs.

Q

n the specified PLL input clock values. The M factor is shared

5.3.12 Flash memo tics
ab ash memory characteristics(!)
Symbol Pa ter Conditions Typ Max | Unit
AN
A
torog 64-bit progpam@wg\\ﬁ-?é) - 81.7 90.8 VE]
N
O@ T Nr?)mr]aarlnmin 52 55
torog_ row -words) programming time | Prog 9
(? Fast programming 3.8 4.0
% Normal
. 41.8 43.0 ms
tprog_pag% ne te page programming time programming
Fast programming 30.4 31.0
OERA@%yte page erase time - 22.0 245
’;fﬂss erase time - 221 25.0

\>

8/1
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Table 68. Flash memory characteristics(! (continued) (B
Symbol Parameter Conditions Typ \l‘t\

Write mode 3.4 \}
Average consumption from Vpp %
| Erase mode 34 /
DD
( ) Write mode 7 (for 6 ys -\
Maximum current (peak
Erase mode 7 (foy@)\\\-//
1. Guaranteed by design. \>

Table 69. Flash memory endurance and data retenfion.
Symbol Parameter Conditions KK \\N\m) Unit
NenD Endurance Tp =-40to +105 °C m ://10 kcycles
1 keycle® at T, = 85 °C <\\> h\ 30
=

1 keyclel at T, = 105 °C 15

tReT Data retention 10 keycles® at T = 55 °C //\ 30 Years

10 keycles® at T, = 85 °C \\ \\ v 15
10 koycles®® at Tp = 1058, N/ 10

1. Guaranteed by characterization results.
2. Cycling performed over the whole temperature range.
5.3.13 EMC characteristics y

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

(

yam

Functional EMS (electro ne usceptibility)

t QM
indicated by the LEDs):

ESD (electrostati harge, positive and negative) applied to all device pins until a
functional di anc urs (test compliant with IEC 61000-4-2 standard)

ient voltage, positive and negative) applied to VDD and VSS

While a simple applicatio
the device is stressed by

on the device (toggling two LEDs through I/O ports).
ing electromagnetic events until a failure occurs (failure

DS13293 Rev 1 109/147
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Symbol

Table 70. EMS characteristics (B
Parameter Conditions )K%

Vv Voltage limits to be applied on any I/O pinto |Vpp =3.3V, T =+25 °C, fycLk = 48 MHz, \> 2 %
FESD |induce a functional disturbance conforming to IEC 61000-4-2 o=
Fast transient voltage burst limits to be &\ V
. Vpp =3.3V, Tp=+25°C, f =48
Verrs | applied through 100 pF on VDD and VSS Cgrﬁorming 1o JEC 6100044 J’\Q
pins to induce a functional disturbance /\
Designing hardened software to avoid noise problems
EMC characterization and optimization are performed at co ith a typical
application environment and simplified MCU software.
Note: Good EMC performance is highly dependent on the us the software in

ic
particular.It is then recommended that the user applies C re optimization and
prequalification tests in relation with the EMC level r sted for the application.

Software recommendations
onditions such as:

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

The software flow must include the manageme
e corrupted program counter

e unexpected reset

e  critical data corruption (control registers)

Prequalification trials

To complete these trials, ESD st
specification values. When unégxpe
to prevent unrecoverable err
Software techniques for i 9] icrocontrollers EMC performance (AN1015).

can be applied directly on the device, over the range of
behavior is detected, the software can be hardened

Electromagnetigiinterfe

itted by the device is monitored while a simple application is

The electromagngtig.fi
executed (togglin L rough the 1/O ports). This emission test is compliant with the
IEC 61967-2 standar pecifies the test board and the pin loading.

3
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Table 71. EMI characteristics
Peripheral ON
SMPS OFF
" Monitored fuse = fcpuma, fcpumo 5%
Symbol | Parameter Conditions
frequency band
fuse = 32 MRz \
feput = fopuz= z
VAN
0.1 MHz to 30 MHz (\K& \\ ~
Vop=36V,Ty=25°C, |30 MHz 0 130 MHz N\ -
Semi | Peak level |UFBGA73 package 130 MHz to 1 GHz /-/\\\s\ N4
compliant with IEC 61967-2 1 GHz to 2 GHz K\ Q\V
EMI level \&A 2 -
5.3.14 Electrical sensitivity characteristics

Based on three different tests (ESD, LU) using sp
stressed to determine its performance in terms ot

Electrostatic discharge (ESD)

Electrostatic discharges (a positive then a nega
the pins of each sample according to each pin co
the number of supply pins in the device (3 parts x
the ANSI/JEDEC standard.

rement methods, the device is
sitivity.

e separated by 1 s) are applied to
ation. The sample size depends on
+1) supply pins). This test conforms to

Table 72. ESD absolute maximum ratings

Symbol Ratings Nnditions Class Maximum value | Unit
Electrostatic discharge voltage 425 "\é conforming to 1)
VESD(HBM) (human body model) fi\ANEI;E@DA/JEDEC JS-001 2 2000
2 \%
Y Electrostatic dischardg’v Ita&é Ta §)+25 °C, conforming to C2a 500%)
ESD(CDM) | (charge device model) I/ESD STM5.3.1JS-002 | TRp TBD®
AV
1. Guaranteed by characterization reSplts: \7
2. Guaranteed by characterization ts GA and UFQFPN packages.
3. Guaranteed by characterizagien resu WLSCSP package.
DS13293 Rev 1 111147
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5.3.15

Q

Static latch-up

The following complementary static tests are required on three parts to assess t h>
performance:

e  Asupply overvoltage is applied to each power supply pin.
e Acurrent injection is applied to each input, output and configurable 1/Q
These tests are compliant with EIA/JESD 78A IC latch-up standard.
/2

Table 73. Electrical sensitivities A

Symbol Parameter Conditions \ /Class
N

LU Static latch-up class Ta = +105 °C conforming to #WQ\\ Level A
\) )

ltage below Vgg or
ring normal product

I/0 current injection characteristics

As a general rule, current injection to the I/O pins, d
above Vpp (for standard, 3V-capable I/O pins), must b
operation. However, in order to give an indicatiopo

case abnormal injection accidentally happens, § OHDH|
sample basis during device characterization.
Functional susceptibility to I/O curr i

While a simple application is executed on the devi e device is stressed by injecting
current into the 1/0 pins programmed in floating-inpyt mode. While current is injected into
the 1/O pin, one at a time, the device is ;?ked for functional failures.

p

The failure is indicated by an out-of-ran arameter: 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)arather functional failure (for example reset occurrence
or oscillator frequency deviati¢

Negative induced I?kag
leakage current is Caysed b

ble~X4. 1/0 current injection susceptibility(”

N
Functional susceptibility
Symbol Description Negative Positive Unit
injection injection
N jec@@ current on all pins except PBO -5 N/AR)
<>I \L& mA
A\% ﬁs&gd current on PBO pin -5 0
uara

My characterization results.
n not possible.

N

2/1
~

3
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5.3.16 /0 port characteristics @
General input/output characteristics

Unless otherwise specified, the parameters given in the table below are derived from fest
performed under the conditions summarized in Table 25: General operatin@ms.

I/Os are designed as CMOS- and TTL-compliant.

Table 75. 1/0O static characteristics ﬂ

Symbol Parameter Conditions Min <\'{§% \\I\W Unit

/0 input low-level voltage(") -

\Y
“ o input low-level voltage(@ 39 x Vpp
-0.06
~—" v

i igh- (1) = -
I/0 input high-level voltage 1.8V <Vpp <36V ?KZX\%—\

\Y
IH I/0 input high-level voltage(z) @gﬁ@ - -

/|
TT, FT_xx and NRST 1/O
Vhys input hysteresis f \\\ 200 - mV
UERYINE MaX(VDDx;(\x)(S)N\ ) )- - +100
Max(Vppxxx) < ViN i i 650
FT_xx input leakage current | Max(Vppyxx) +1 VA3 0
Ik Max(V )+1V <V < ; nA
¢ 5 5 \/ABAG)6) J - - 2007
VN £ Max(V - - +150
TT input leakage current N DDXW
Max(Vppxxx) < Vin < 3.6 V) - - 2000

Weak pull-up equivalent _
Reu | resistor(!) Vin s 25 40 %
kQ
R Weak pull-down equivalent ~ % 25 40 55
PD | resistor(!) N m

Co |I/O pin capacitance V<\ \\// - . 5 - pF

1. Tested in production. %
2. Guaranteed by design, not tested.i tion.
. itself=The total product pad leakage is given by

ere Vy is applied on the pad X lig(vax)-

an ([Max(Mgpdyxxx) + 3.6 VI.
. Refer to the fi below.
. Tosustain a volta T Min(Vpp, Vppa) + 0.3 V], the internal pull-up and pull-down resistors must be disabled on
all FT_xx I/O.&

w
Py
(0]
kel
=
0]
7]
0]
>
-~
7]
=
=
(0]
gel
o]
[}
[]
QO
x
QO
«Q
[¢]
[e]
e
-
=

~N o o b
<
z
3
c
[72]
@
o
(0]
5}
=
(0]
7
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All I/Os are CMOS- and TTL-compliant (no software configuration required). Their
characteristics cover more than the strict CMOS-technology or TTL parameters, h
in the figure below.

Figure 19. I/O input characteristics - V) and Viyonalll/Os  — i

2.5

Vi or Vi (V)

05

0 />
15 2 y 25 3 35
Vooid (V)
Viyspec 70 % = — Vi spec30 % ——— M — =V rule Vi spec TTL V. spec TTL
/-\ MSv64346V1

05 1e° e N
o, O <
- 005‘0”'08
£ 0

o8t wNoo

o
L atio” Nw

V4
gased O Series "Vih rule” Point *2" _pgAfor Y
(2,1.24) Agy.\lou -
. jon Vi -
ed on gimuiat® -
2 - G \
Y !

TTL requirement V,_ min = 0.8

Q

o

Output driving current

The GPIOs can sink or s 0 8 mA, and sink or source up to £ 20 mA (with a
relaxed Vg /Vop):

In the user applicati %‘nber of 1/O pins that can drive current must be limited to
respect the absol ximwrh rating specified in Section 5.2: Absolute maximum ratings.

rents sunk by all the 1/0Os on Vgg, plus the maximum consumption of the
&, cannot exceed the absolute maximum rating Zly,gs (see Table 21:

t voltage levels

ss . otherwise specified, the parameters given in the table below are derived from tests
e ed under the ambient temperature and supply voltage conditions summarized in
e 25: General operating conditions. All I/Os are CMOS- and TTL-compliant (FT or TT

x ss otherwise specified).

4/1
~
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Electrical characteristics

Table 76. Output voltage characteristics!!)

Symbol Parameter Conditions Min m h’m\q
VOL(2) Output low-level voltage for an I/O pin | cpmos port® - \b.4 \/
Vou® | Output high-level voltage for an I/O pin lhol =8 mA, Vpp 22.7V Vpp - fl"

VoL | Output low-level voltage for an I/O pin |11 port® - \\ O.A\
Vou® | Output high-level voltage for an 1/0 pin | lliol =8 MA, Vpp 2 2.7V /m N
VOL(Z) Output low-level voltage for an 1/O pin \> - \\ /73
lliol = 20 MA, Vpp 2 2.7 V v Vv
VOH(z) Output high-level voltage for an 1/O pin %Q' 1.‘5’& -
VoL@ Output low-level voltage for an 1/O pin < 0.4
o ol = 4 MA, Vpp 2 1.8V \V

VOH(z) Output high-level voltage for an I/O pin V&;\’ 0:45 -

Output low-level voltage for an FT O | [0l = 20 mA, Vpp 2 2.7% ) - 0.4

V. )] pin in FM+ mod

OLFM+"" | P ode _ \%

(FT 1/O with “f option) ol =10 mA, Vpp 2%{ - 0.4

The |, current sourced or sunk by the device must always respect the absolute maxignum
Voltage characteristics. The sum of the currents sourced or sunk by all (@)

respect the absolute maximum ratings 2 ||o.

Guaranteed by design.
TTL and CMOS outputs are compatible with JEDEC standards J 6 and

Input/output AC characteristics

Unless otherwise specified, the parame
performed under the ambient temperatur
Table 25: General operating conditions.

Table 77.A@&Qaracteristics“)(2)

ing specified in Table 21:
s and control pins) must always

ters given in the table below are derived from tests
énd supply voltage conditions summarized in

OSPEEDx[1:0]® | Symbol Paramete& \7 Conditions Min | Max | Unit
Qc\ésopﬁzjvsvmss.sv - 5
,\g- C=50pF,1.8V<Vpp<27V - 1
Fmax MHz
"&/7 C=10pF,27V<Vpp<36V - 10
C=10pF, 1.8V <Vpp<2.7V - 1.5
0b00 Pb
C=50pF,2.7V<Vpp<36V - 25
% t rise and C=50 pF, 1.8V< VDD <27V - 52
ns
Q@fa ime C=10pF, 27V <Vpp<3.6V - 17
O(\ ( C=10pF,1.8V<Vpp<27V - 37
QV
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Table 77. 1/0 AC characteristics(1(2) (continued)

The maximum frequency is defi

The fall and rise time are defjined, r
OSPEEDO[1:0] in GPIOA_O

. This value represegnts t a but the maximum system frequency is limited to 48 MHz.
5.3.17 Ng i racteristics
NRS

1T
u

A bh =

esistor, Rpy.

VW) < 2/3 T, and duty cycle comprised between 45 and 55 %.
tively, between 90 and 10 %, and between 10 and 90 % of the output waveform.

I0B_OSPEEDR and GPIOC_OSPEEDR. OSPEED3[1:0] in GPIOH_OSPEEDR

OSPEEDx[1:0]® | Symbol Parameter Conditions Min Mﬁ\%
C=50pF,27V<Vpp<3.6V - 28, \/
Froa | Maximum C=50pF,1.8V<Vpp<27V - %
frequency C=10pF, 2.7V <Vpp<3.6V - \\ 50 \>
b C=10pF, 1.8V<Vpps27V )| e
C =50 pF, 2.7V <Vpp<3.6V - \
£re |Outputrise and |G =50PF, 18V s Vpp=27V - \Vs6 -
fall time C=10pF,27VsVpps36),~L X\ | 45
C=10pF, 18V<sVpp=27\\_ | \\ Y 9
C=50pF,2.7V< vDD/sﬁrs\Ns —/ 50
e | Maximum C=50pF, 18V < \ppo2 2V )| - 2 |
frequency = < . (4)
C=10pF, 2.7 V< Vpd&3.6 100
C = 10 pF, 1.8/0=Vs 2RV - | 375
C = 50 pF, 2.N§VDD§\§\6\O - 5.8
Outputrise and | C = 50 PFY48 V SVga=27 v - 1
Tr/Tf . ns
fall time C=10pF27xygp<36V - | 25
C=10pF, 1.8V ZVpp<2.7V - 5
C=30pK, 27V <Vpp<36V - | 120%)
.| Maximum C=300pF, 1.8V <Vpps27V - 0 |
frequency C(r\: 10 pF, 27 V< Vpp<3.6 V - 180¢4)
C pF, 1.8V <Vpp<27V - 75(4)
Ob11 ( o=, Pp
\siso pF,2.7V<Vpp<36V - 3.3
g CZ30pF, 1.8V <Vpp<27V - 6
T O tput p DD ns
t C=10pF,2.7V<Vpp<36V - 1.7
\Z C=10pF, 1.8V <Vpp<2.7V - 33
i »

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

herwise specified, the parameters given in the table below are derived from tests
ed under the ambient temperature and supply voltage conditions summarized in

able 25: General operating conditions.

N

S74
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Table 78. NRST pin characteristics("

Symbol Parameter Conditions Min T M M
y yp %\
ViinrsT) |NRST input low level voltage - - - 0.3 X\sz \//>
ViHnrsT) | NRST input high level voltage - 0.7 x Vpp - N
Vhys(NrsT) | NRST Schmitt trigger voltage hysteresis - - 200 \— mv
Rpy | Weak pull-up equivalent resistor(®) ViN = Vss 25 ([(0'\ 55—/ ka
VenrsT) | NRST input, filtered pulse - - v \ \ 79
\/ ns
VnrnrsT) | NRST input, not filtered pulse 18V<Vpp<36V | 350 \ \ /
1. Guaranteed by design. x
2. The pull-up is designed with a true resistance in series with a switchable PMOS. This PMO putionMo the series
resistance is minimal (~10 %).
Figure 20. Recommended NRST plr(b\r%
External
reset circuit™ Voo
() Reu
NRST Internal reset
l L [j > Filter —
3 0.1 yF
B A e
"""""""" //\\ MS19878V3
1. The reset network protects the device against p itic res\eé
2. The user must ensure that the level on the NRSTin 0 below the V) (yrsT) Max level specified in the above table
Otherwise the reset is not be taken into account® ce.
3. The external capacitor on NRST m@ be p .%- 5e as possible to the device.
5.3.18  Analog swit <%er
Tabléj\‘)* switches booster characteristics(?)
Symbol Na%er Min Typ Max Unit
Voo Suppwlm/ 1.8 - 3.6 Vv
N .
tSU(BOOST) BogteWh@) - - 240 us
Boo/s\lé@o%u on for 1.8 V< Vpp 2.0V - - 250
lpD(EOOST) @J\mr cotsupption for 2.0 V < Vpp € 2.7 V - - 500 | pA
gﬂo?tsQ%rlsumptlon for2.7V<Vpp<3.6V - - 900
1. Guara d b
DS13293 Rev 1 117/147
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5.3.19 Analog-to-digital converter characteristics
Unless otherwise specified, the parameters given in the table below are prelimi
derived from tests performed under ambient temperature, fpc| k frequency and
voltage conditions summarized in Table 25: General operating conditions.
Note: It is recommended to perform a calibration after each power-up.
Table 80. ADC characteristics(! //\\
Symbol Parameter Conditions(?® Min Ty“& Ma\(\ Unit
Vppa Analog supply voltage - 1.62 - 3.6\
v Positive reference Vopa22V 2 / - \\szA v
REF+ A4
voltage Vppa < 2 V \%SQA \
Range 1 0. 1(4[“ \\/-\ ~/ 35
fapc ADC clock frequency MHz
Range 2 Q\\O m) 16
12 bits, Vppa > 2 V - \ =/ | 250
10 bits, Vppa > 2 V /( > - 2.92
8 bits, Vppa > 2 V - \\ Yo 3.50
6 bits, Vppa > 2V N N 4.38
fs Sampling rate Msps
12 bits, Vppa < 2 W N - 2.18
10 bits, Vppa<2 V (/- - 2.50
8 bits, Vppa<2 Y - - 2.92
6 bits, Vppa < X7 - - 3.50
- - 2.35
12 , >2V
f MHzZ,
External trigger % ’ - - 2.18
frric frequency )D%rs\ N2V MHz
O bits> )YDDA >2V - - | fapc/15
M% 12bits, Vppa <2 V ] - fanc/17
Vv Conversion V! \\> ) Vv ) Vv Vv
AIN range & SS REF+
External jnput
R impedanw ) } ) 50 kQ
| sa and
Canc /3ho ﬁ ac:lto ) ) 5 ) PF
¢ we time ) 2 Conversion
STAB /\QA p cycle
fADC =35 MHz 2.35 us
tcaL tlon time
S \/7 - 82 1fanc

@
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Table 80. ADC characteristics(!) (continued)
Symbol Parameter Conditions(® Min Typ Max /‘U*\\\
CKMODE = 00 2 - 3 1/fAP\\3 S
¢ Trigger conversion CKMODE = 01 6.5 //: \/
LATR latency CKMODE = 10 125 W\ 7
CKMODE = 11 35 //\\
fapc = 35 MHz 0.043 AL 45 Us
ts Sampling time ADC <\ P\ /7
- 15 - 160.\5\\/ 1ffapc
ADC voltage regulator 7
YADCVREG_STUP | start-up time - - <\ Hs
fapc = 35 MHz y
o . 0.4 4.95 us
Total conversion time | Résolution = 12 bits ( 3
tconv (including sampling ts 25 cydes fdr)successive
time) Resolution = 12 bits appyoxifation 1fapc
/] =14t0 173
Laps of time allowed Q N
between two
tibLE ) . - - 100 s
conversions without
rearm \/7
f,= 2.5 Msps (/ - 410 -
ADC consumption _
IDDA(ADC) from VDDA fS =1 Msps /> - 164 - MA
fo=10ksps </ - 17 -
ADC consumption fs = 25 Msps ) 65 )
Iboviapc)y | from Veers Q"(MSN - 26 - HA
single ended mode /f"\'l\ i 026 _

1. Guaranteed by design

2.

1/0 analog switch voltage booster m
disabled when Vppp 2

. Maximum ADC Rpy values

QK)OSTEN = 1in the SYSCFG_CFGR1) when Vppp <2.4 V and

Resolution | Sampling %I{at Hz (ns) Sampling time at 35 MHz (ns) Max. Ran{"2(Q)
3~

T 5 B

\\ }} 100 680
75 214 2200

AN

-~ QL N0 125 357 4700
%@ JN, 195 557 8200
N 39.5 1129 15000
O N 79.5 2271 33000
=/ 160.5 4586 50000

N\
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Table 81. Maximum ADC Rp y Values (continued)
Resolution | Sampling cycle at 35 MHz (ns) Sampling time at 35 MHz (ns) Max. RW
1.5() 43 &8

35 100 /828 \\\\/ /
75 214 \\330(\\ Y
500/

10bits 19.5 557 <\\> \\ 10000
39.5 1129 \\2//?,600
79.5 2271 39000
160.5 4586 \\ V' 50000

8 bits : //SR
19.5 \\EQ? \\ v 12000
29—/

1.50) 2~ 43 390
3.5 V4 100 2200
75 P 214 5600
CE . o0
. RN
395 (( N 1129 33000
/N
795 O\ N 2271 50000

1@\./5’( \V 4586 50000
Guaranteed by design. w

2. /0O analog switch voltage bogster e enabled (BOOSTEN = 1 in the SYSCFG_CFGR1) when Vppp < 2.4 V and
disabled when Vppp 2 2.4

3. Only allowed with VDDA

Table 82. ADC accuracy(1(2()

(\
Y
Symbol | Para \x Conditions® Min | Typ | Max | Unit
\ Vopa = Vrers = 3 V, fapc = 35 MHz, f,< 25 Msps, TA=25°C | - | 3 | 4
;7 2V<VDDA'VREF+<36V } 3 6.5
ET < Sy | fApc = 35 MHz; fg < 2.5 Msps, T, = entire range LSB
O 1.62V < VDDA= VREF+ < 36V, TA = entire range
s Range 1: fapc = 35 MHz, fs < 2.2 Msps - 3 |75
\ Range 2: fopc = 16 MHz, fg < 1.1 Msps

3
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Table 82. ADC accuracy(1)(2)(3) (continued)

Symbol | Parameter Conditions(® Min | Typ /y'az\%
Vooa = Vrers = 3V, fapc = 35 MHz, f, <25 Msps, TA=25°C | - | 1552 \/
f2 o Vggﬁ\/,II}I/;EH <2356M\; s, Ta = entire range i /\Q,S\ '

EO Offset error | APC PS, 1A= 9 \ LSB
1.62V <Vppa= VRer+ < 3.6V, Tp = entire range \)
Range 1: fopc = 35 MHz, f; < 2.2 Msps - 5 %-5/
Range 2: fopc = 16 MHz, fg< 1.1 Msps />
Vopa = Veers = 3V, fapc = 35 MHz, f; < 2.5 Msps, Ta = 25 “C\\- | \3/// 3.5
2V < Vppa, VRer+ < 3.6V, (\ \ ;/ 5
EG Gain error fapc = 35 MHz, fg < 2.5 Msps, T, = entire range <\% > LSB
1.62 V < Vppa = Vrers < 3.6 V, T = entire range y
Range 1: fopc = 35 MHz, f; < 2.2 Msps < 3 6.5
Range 2: fopc = 16 MHz, f;< 1.1 Msps A\
Vooa = Vrers = 3 V, fape = 35 MHz, f, < 2.5 Ms}s§, Ta=@s’d | - 1215
2V <Vppa, VRep+ < 3.6V, ) 12 1 15
ED Differential |fapc = 35 MHz, f < 2.5 Msps, Tp = entir @ ’ ' LSB
Inearity eror I 62V < Vopa = Vagrs < 3.6 V,Ta = entirew
Range 1: fopc = 35 MHz, f;<2.2 - 1.2 | 15
Range 2: fopc = 16 MHz, fy< 1.1 S />
Vioa = Vrers = 3 V, fapc = 35 MHz, f, < Z.ngs, Ta=25°C | - |25 3
2V < Vppa, VRers < 3.6 V, 7
. - | 25| 3
EL |in;2trigr:|l-ror fapc = 35 MHz, fg < 2.5 Msps, TA/Qntlre range LSB
y 1.62 V < Vppa = VRers < 3.6V, Ta = entire range
Range 1: faopc = 35 MHz f:.& 2.2 Msps - 25| 35
Range 2: fopc =16 M 1 Msps
VDDA VREF+ =3 V\D(\ 35 MHZ fS <25 MSpS TA 25°C [10.1]10.2 -
. 2V<V V
Effective pDA R@ 96 |102| -
ENOB number of fapc = S@AHZ < 2.5 Msps, Tp = entire range bit
bits 1.62V < Vppa =\ Reg+< 3.6V, Tp = entire range
RangeN"#pc = Hz, f;< 2.2 Msps 95 102 -
Rang?\. = Hz, fs< 1.1 Msps
Vopa W V, fapc = 35 MHz, f, < 2.5 Msps, To = 25 °C | 62.5| 63 | -
Signal-to- |2 REF+ <3.6V,
; . 59.5| 63 -
< < =
SINAD r:j?slfsm d % z, fs < 2.5 Msps, Tp = entire range dB
réﬁo .62 Vppa = VRrer+ < 3.6V, Tp = entire range
: fapc = 35 MHz, fs < 2.2 Msps 59 | 63 -
1 \R\n e 2: fapc = 16 MHz, fg< 1.1 Msps
DA~ VREF+ =3V, fADC 35 MHz, fS 25 MSpS TA 25°C 63 64 -
2V <Vppa, VRep+ <3.6 V, _ 60 | 64 | -
SNR fapc = 35 MHz, fg < 2.5 Msps, Tp = entire range dB

O 1.62V <Vppa = VRer+ < 3.6V, T = entire range

Range 1: fopc = 35 MHz, fg < 2.2 Msps 60 | 64 -
Range 2: fopc = 16 MHz, f;< 1.1 Msps
Y
Y, DS13293 Rev 1 121147
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Table 82. ADC accuracy(1)(2)(3) (continued)

Symbol | Parameter Conditions(® Min | Typ /y'az\%
VDDA = VREF+ =3V, fADC = 35 MHz, fS <25 MSpS, TA =25°C - -74 \>—73
Total 2V < Vppa, VRer+ < 3.6 V, ) /64? _
= < = i
THD harmonic fapc = 35 MHz, fg < 2.5 Msps, Ty = entire range \ &
distortion | 1.62 V < Vppa= VRer+ < 3.6V, T = entire range \)
Range 1: fopc = 35 MHz, f; < 2.2 Msps - 74 \ZO/
Range 2: fopc = 16 MHz, f;< 1.1 Msps />
1. Based on characterization results, not tested in production. \\//
ADC DC accuracy values are measured after internal calibration.
Injecting negative current on any analog input pin significantly reduces the accuracy of A-to Si f signal on

another analog input. It is recommended to add a Schottky diode (pin to ground) to analog'r

negative current.

Vppa 2 24 V.

I/0 analog switch voltage booster enabled (BOOSTEN = 1 in the SYSCFG_CFG%

Figure 21. ADC accuracy characteri

eptible to receive

and disabled when

S

Code 4 ~E>
4095 —f - ‘ Q
4094 —
4093

e of an actual transfer curve
(2) Ideal transfer curve
d point correlation line

1 total unadjusted error: maximum deviation
between the actual and ideal transfer curves.

Eo offset error: maximum deviation between the
first actual transition and the first ideal one.

Eg gain error: deviation between the last ideal
transition and the last actual one.

Ep differential linearity error: maximum deviation
between actual steps and the ideal ones.

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

4093 4094 4095

(Vain/ Vrer+)*4095
MSv19880V3
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Figure 22. Typical connection diagram using the ADC

&

VDDA

Vr Sample and hold ADC con\?ef\
™

]
Ran'" AINx F Rapc -t}&
¢ N

Lo A épﬁe\ﬁ 'S
S i T\ Y

AN
\\L N\ V  Ms33900v5
N

"

I__I

1. Refer to Table 82: ADC accuracy for the values of Ryn, Rapc and Capc-

2. Cparasitic represents the capacitance of the PCB (dependent on soldering and PCE
(refer to Table 75: /O static characteristics for the value of the pad capacitan
conversion accuracy. To remedy this, fapc must be reduced.

ity) pius the pad capacitance
value downgrades the

3. Referto Table 75: I/O static characteristics for the values of Ilkg.
General PCB design guidelines

Power supply decoupling must be performed as sho jgure 12: Power supply scheme.
The 100 nF capacitor must be ceramic (g ust be placed as close as
possible to the chip.

5.3.20 Temperature sensor characteristics

Table 83. TS cl-égcteristics

Symbol Parameter/\ Min Typ Max Unit
.M Vg linearity with temperaturé& % - +1 +2 °C
Avg_Slope® |Average slope \ 2.3 25 2.7 mV/°C
Vao Voltage at 30 °C }\5 C({ \\ 0742 | 076 | 0.785 v
tSTART “) -
(TS_BUF)" Sensor buffer start \eefféwous mode 8 15 us

tsTarT" Startup time v@%\a\{e{g@ in continuous mode*) - 70 120 us
ts temp'”  |ADC sam@{\e\w\\ﬁyn reading the temperature 5 - - s

" consumptlon from Vpp, when )
Ipp(TS) S{ % ‘Z by% %\ : DC 4.7 7 HA
1. Guaranteed bydegly \\/f
o results.

2= 3.3 V"¥10 mV. The V33 ADC conversion result is stored in the TS_CAL1 byte. Refer to

DS13293 Rev 1 123/147
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5.3.21 Vgat monitoring characteristics

Table 84. Vgar monitoring characteristics(!) ﬁ

~

Symbol Parameter Min Typ }daq L\r&t
R Resistor bridge for Vgar?® - 39 K&. \\kﬁ/
Q Ratio on Vgar measurement - 3 ﬂ\\\ J)_
®) - -
E, Erroron Q 10 A Kg \\IO A %
ts_vbat” ADC sampling time when reading Vgar 12 < \v us

1. 155V < Vgar <3.6 V. "%
2. Vpp on STM32WL55/4UxYx devices.
3. Guaranteed by design.

Table 85. Vgar charging characté\k{ c

Symbol Parameter Conditions Min TM Max Unit
< . ) VBRS = 0 ((- \5 - o
attery charging resistor v/
B¢ VBRS = 1 NUDEE -
~~—"

5.3.22 Voltage reference buffer characteristi

Table 86. VREFBUF characteristics("

Symbol Parameter Conditions y Min Typ Max Unit
Nodlal mdl VRs =0 2.4 - 3.6
ormal mode
v Analog supply (\V‘R\g= 1 2.8 - 3.6

Degrade X :
?Z é\\ Vs = 1 1.62 - 2.8

mw VRs = 0 2044  |2048| 2052

A v
74307 VRs = 1 2.495 25 2.505
VaN
Vrersur | Voltage ? rm\;%i Vs =0 2030 |2048|  2.057
L )
out | reference o | R T < 125 °C | VR = 1 2478|2500  2.509

Vrg =0 V -250 mV - V
egraded mode(® RS DDA bbA
O VRS =1 VDDA_ 250 mV - VDDA

TRIM |1 @SN ; ; ; +0.05 +0.1 %
r utio

i
cL g}}ad\;eagacitor - - 05 1 15 uF
4

'va\r(t
es er sistor - - - - 2 Q
O N %Ioad
ﬁa/tic load
loa L current i i i i 4 mA
4/1 DS13293 Rev 1 ‘Yl
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Table 86. VREFBUF characteristics(!) (continued)

Symbol Parameter Conditions Min Typ Maﬁ%
. . Normal $3> pm
line reg Line regulation |2.8V <Vpppo<3.6V - - 200
- mode S~ N
. Normal "
lioad_reg | Load regulation | 500 PA < ljpaq <4 MA mode - 50 @\\ }/sn{:ﬁA]
-40 °C < T, < +105 °C ] ) Qﬁfﬁ\ﬁvw
T Temperature A\ o> ppm
coeff | coefficient T\ Aot | 1°C
0°C<T,;<+50°C _ - = O\ireflnt
/-
DC 40 5 -
PSRR | Fower supply (€ o B
rejection 100 kHz ;5,\ \4&/) _
CL=0.5 uF® N (g ﬁ;sgo 350
tsTART Startup time CL=11 HF<3) \Y V/\—MO 650 us
= (3) ~
CL=15pF P \\\ 650 800
Control of w
maximum DC
| current drive on ) 8 i mA
INRUSH | \VREFBUF_OUT
during start-up
phase “) >
| VREFBUF lioad = 0 A ~ - 16 25
DDA ; - _
(VREFBUF) | SonSumption | logg = 500 A & 8 | 30 |
PPA loag = 4 MA - 35 50

LN =

To correctly control the VREFBUF i
the range [2.4 V to 3.6 V] and [2.8 Yo

ush ¢
6 nyorVRS=Oand VRS= 1.

Min

120°C

20

40 60 80 100

MSv62522V2
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Figure 24. VREFOUT_TEMP when VRS =1

v N

2.51

-8 |\a
2.505\\ //

2.5

2.495

2.49

2.485

2.48
1p0°C

5.3.23 Digital-to-analog converter character

MSv62523V2

Table 87. DAC charkterl

Symbol Parameter Condl | Min Typ Max | Unit
DAC output buffer OFF, DA%ZUT
Analog supply voltage for pin not connected (internal 1.71 -
Vbpa DAC ON connection only) /S 3.6 \
Other modes </ 1.80 -
1.71 -
Vgrer+ | Positive reference voltage Vppa Vv
m& 1.80 -
PN
o VQ Mt Connected to Vgg 5 - -
RL Resistive load % 3“\@ ON Connected (o Vogn 5 - -
Ro Output impedance & \D@C\Jloutput buffer OFF 9.6 11.7 13.8
Output impedange sam |Vbp =2.7V - - 2 KO
Rgon | and-hold mode, t 20
Vpp=2.0V - - 3.5
buffer ON m DD
Output inpedance Sanple | Vpp = 2.7 V - - 16.5
RBOFF and O t
buﬁefp Vpp=2.0V - - 18.0
CL | d DAC output buffer ON - - 50 pF
S oa
CsH z Sample-and-hold mode - 0.1 1 uF
g ﬁ DAC_OUT DAC output buffer ON 0.2 - VROE? v
VPrg o utp
DAC output buffer OFF 0 - VREF+
Kys

6/1 DS13293 Rev 1
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Table 87. DAC characteristics(!) (continued)

Symbol Parameter Conditions Min Typ F}Q%
£0.5 LSB - 17 |8
Settling time (full scale: for | Normal mode .o op } 1.6
a 12-bit code transition DAC output /\2{
between the lowest and the g‘-’Lﬁ:’rSSNF 1218B - é\ 2-§5\
tseTTLING | highest input codes, when =oUp +4 LSB - 143 8/ /| us
DAC_OUT reaches final RL=25kQ /\
value 0.5 LSB, +1 LSB, +8 LSB - <\\>1 4 \\ Yok
$21SB, +4 LSB, 8 LSB) Normal mode DAC output buffer ) 2 % 5
OFF, £1LSB, CL = 10 pF Py ’
Wakeup time from off state NoanaI mode D>AC output buffer ON ) >> 75
tWAéFUp (setting the ENx bit in the | CL =50 pF, RL = 5kQ us
DAC control register) until | Normal mode DAC output buffer —/2 5
final value 1 LSB OFF, CL<10 pF «
— . Normal mode DAC output buffer Cﬂ
PSRR | Vppa supply rejection ratio CL <50 pF, RL> 5 kQ, D -80 -28 dB
Minimum time between two | DAC_MCR:MODEXx[2:0] 00 or Q 1 ) )
consecutive writes into the | CL <50 pF, RL =2 5 kQ
DAC_DORX register to
Tw to w |guarantee a correct us
DAC_OUT for a small DAC_MCR:MODEXx[2:0] 011 14 ) )
variation of the input code | CL =10 pF
(1LSB)
|Gl || or | e
Sampling time in sample DAC_OUT pin » ~SH ms
and hold mode (code connec DAC output buffer i 105 18
transition between the (\QFF, Csy = 100 nF ’
tsamp | lowest input code and the R4
highest input code when n
DACOUT reaches final DAC output buffer 2 35
value +1LSB) O OFF ) ' HS
JORNGT
\ WIe and hold mode, ) ) (3)
leak | Output leakage cum&\%_ou.r pin connected nA
Cly Interngl sample and ho | ) 5.2 7 8.8 oF
capacitor
trriM Middle@zdg (ffw me | DAC output buffer ON 50 - - us
Midid 1 trim | VREF+ =36V - 1500 -
Voffset code _ pv
VREF+ =18V - 750 -
DS13293 Rev 1 127147
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Table 87. DAC characteristics(!) (continued)
Symbol Parameter Conditions Min Typ /M;aQ

J

No load, middle ) 215 \'§>)0 S
DAC output | code (0x800) > \/
buffer ON No load, worst code i 45 o
DAC ion f (OXF1C)
consumption from
IbpA(DAC) Vbpa DAC output No load, middle ) ) v Ty
buffer OFF code (0x800) .

Sample and hold mode, Cg = 1?TX\J‘/£§/(()TX
100 nF ﬁ\” ey 35'

No load, middle \‘); 240
DACoutput  |c0de (0x800) /0
buffer ON No load, wors; qu> ;

(OXF1C) & ) 340 400

. [
DAC output No load, _ 155 205
DAC consumption from buffer OFF code (0x800)
Ibbv(pac) |y HA
REF+ v
185 x 400 x
Sample and hold mqde, b N, ) T /(Ton | T /(T
Cgh = 100 nF, worst case on/( 25‘ °” 35‘
+T, ff
3 VAN
Sample and hold mode, buffi FF, ) T15/5 X T20/?TX
Csh = 100 nF, worst case °” 33' °” 25‘
AN
1. Guaranteed by design. y
2. In buffered mode, the output can overshoot above the final value for low input code (starting from min value).
3. Referto Table 75: I/O static characteristics.
4. Top is the Refresh phase duration. T is the Hol ase d n. Refer to the reference manual for more details.
Figure ZMU fered/non-buffered DAC
Buﬁered@r?bu\ﬁéxw
Q/z Buffer")
V\v | Rioap
12-bit | ! DAC_OUTx VVVYV
digitékio~analo f " "_‘
8 | ' 1] L
<\ (\ | I CrLoap
QASST
The.DA Mﬁn output buffer that can be used to reduce the output impedance and to drive external loads
ipectly without use of an external operational amplifier. The buffer can be bypassed by configuring the BOFFx bit in
Q€§3AC CRegjéter. MSv47959V2

Q

S
2
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Table 88. DAC accuracy(!

Symbol Parameter Conditions Min Typ }ﬂ/\hm\t\\
Differential non DAC output buffer ON - - \22
DNL - -2
linearity DAC output buffer OFF - 7T
- Monotonicity 10 bits Guara\@ad \
~—/
DAC output buffer ON, CL <50 pF, RL 25 kQ - Q \-54'/
INL Integral non Iinearity(3) Q \ L2
DAC output buffer OFF, CL < 50 pF, no RL - - \ +4
VREF+ =3.6 \& - % +12
DAC output buffer ON \ LSB
Offset Offset grror at code CL <50 pF, RL2 5 kQ ‘) v/
0x800) VREFZ\ 8V ~ - +25
DAC output buffer OFF, CL < 50 pF, nb{%k 4% - +8
Offset1 Oﬁset(‘i{ roratcode |5, output buffer OFF, CL < 50/PF, - - 15
0x001
Mv - - £5
Offset Error at code DAC output buffer ON
OffsetCal

0x800 after calibration | CL <50 pF, RL=5 kQ
VREr#/= 1.8V - - 17

DAC output buffer ON, C)SS 50 pF, RL =5 kQ - - +0.5
Gain Gain error® %
DAC output buffer OFF(ﬁ/L <50 pF, noRL - - 0.5
DAC output ON, CL <50 pF, RL=5kQ - - +30
TUE | Total unadjusted error R LSB
DAC outpl}s@{roﬁ, CL < 50 pF no RL - - +12
TUECal | 1otal unadjusted error | by 6 Ser ON, CL < 50 pF, RL25kQ | - - +23 | LSB
after calibration >
Coutputbiffer ON, CL <50 pF, RL25kQ, | o |
(2 KH2:BWL500 kHz '
SNR | Signal-to-noise ratio < dB
Q ut buffer OFF, CL < 50 pF, no RL, ) 716 )
\NQ —BW 500 kHz '
\ %output buffer ON, CLS 50 pF, RL26KQ, | | o |
z
THD | Total harmor dB
distortio DAC output buffer OFF, CL < 50 pF, no RL,
- -79 -
O 1 kHz
DAC output buffer ON, CL <50 pF, RL =5 kQ,
- 70.4 -
1 kHz
dB
DAC output buffer OFF, CL < 50 pF, no RL,
1 kHz - -
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Table 88. DAC accuracy(” (continued)

Symbol Parameter Conditions Min Typ }K}Q \lt\
DAC output buffer ON, CL < 50 pF, RL25kQ, | 14 O
enog | Effective number of 1kHz /] .
bits DAC output buffer OFF, CL < 50 pF, no RL, o] \§

1 kHz ’

1. Guaranteed by design.

2. Difference between two consecutive codes - 1 LSB.

3. Difference between measured value at code i and the value at code i on a line drawn between coge\0 and de 4095.

4. Difference between the value measured at code (0x001) and the ideal value.

5. Difference between the ideal slope of the transfer function and the measured slope comp wcod 000 and OxFFF

when buffer is OFF, and from code giving 0.2 V and (Vrgg+ — 0.2) V when buffer is ON.

5.3.24 Comparator characteristics
Table 89. COMP characteristi&\
Symbol Parameter Condit'l/?ﬁs\\\\ Min | Typ | Max | Unit
Vppa Analog supply voltage o \\ )) 1.62 - 3.6
Comparator
ViN input voltage range 0 - |Vooa| V
Vgg®? Scaler input voltage - VREFINT
Vsc Scaler offset voltage ST - 5 10 | mV
- SoaLER) | Scaler satic consumption | BRG_EN = 0{fidge disabled) - ] 200 | 300 | nA
DDA from Vppa BRG-EN = 1 (bridge enabled) - los | 1 | A
tsTART scALER | Scaler startup time Q&Q % - - 100 | 200 | ps
%gp%d VDDA =227V - - 5
mo < - -
Comparator start@ time Vopa<27V !
tSTART to reach propagatio g Vppa = 2.7V - - 15 us
ifi €dium mode
delay specifica 5 Vopa < 2.7V _ _ 25
& /7UItra-Iow-power mode - - 40
High-speed Vppa2 2.7V - 55 80 s
£.@3) Propagafio mode Vbopa <27V - 55 100
D 4
10Q0x Medium mode - | 055 09
O Hs
<\ Ultra-low-power mode - 4 7
Voffset f@orr%@t?} offset error Full common mode range - 15 20 | mV
% No hysteresis - 0 -
X Low hysteresis - 8 -
V, Marator hysteresis mvV
O Medium hysteresis - 15 -
« Cf> High hysteresis - 27 -

DS13293 Rev 1
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Table 89. COMP characteristics(") (continued)
Symbol Parameter Conditions Min | Typ }r\\u\%
Static - 400 0
Ultra-low- \63) >
power mode | With 50 kHz £100 mV C \
overdrive square signal @‘\
Static - 7
| MP Comparator consumption | Medium /—ﬁ \)
DDACOMP) | ¢ om Vipoa mode With 50 kHz +100 mV |
overdrive square signal %
; v WA
Static - 70 00
High-speed
mode With 50 kHz £100 \ %
overdrive square si

1. Guaranteed by design, unless otherwise specified.

2. Refer to Table 35: Embedded internal voltage reference.

3. Guaranteed by characterization results.

(

5.3.25 Timers characteristics
Parameters given in the following tables are guaraqteed by/design. Refer to Section 5.3.16:
I/O port characteristics for details on the in utput-alterhate function characteristics
(output compare, input capture, external cl tput).
Table 90. TIMx(") characteristics
Symbol Parameter Con%i’ons Min Max Unit
~
t Timer resolution time _ ! - FriMeGLK
res(TiV) Tk = 48 MHzZ 15.625 - ns
f Timer external clock frequencyQ \ V- 0 frimxcLi/2 MHz
EXT on CH1 to CH4 ﬁmK = 48 MHz 0 40
O 9911,T|M16, TIM17 - 16
Restim Timer resolution % s bit
S IM2 - 32
. Y - 1 65536 T IMKCLK
tCOUNTER 16-bit counter k |
frivxcLk = 48 MHz 0.015625 1024 us
¢ Maximum pw with - - 65536 x 65536 | trimxcLk
MAX_COUNT 32&38/?':?&'\ leMXCLK =48 MHz - 67.10 S
1. TIMx’ is used ge ‘W re x stands for 1, 2, 16 or 17.
DS13293 Rev 1 131/147
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Table 91. IWDG min/max timeout period at 32 kHz (LSI)( (B
Prescaler divider | PR[2:0] bits | Min timeout (RL[11:0] = 0x000) | Max timeout (RL[11:0] = Oxﬁ M
14 0x0 0.125 512 B \/>
/8 0x1 0.250 1024 /7~
/16 0x2 0.500 2048 \\ \
/32 0x3 1.0 40{@/\\ 7 ms
/64 Ox4 2.0 Q&Q\gé \\ D

/128 0X5 4.0 16a84 v/
1256 0X6 or Ox7 8.0 N

1. The exact timings still depend on the phasing of the APB interface clock versus the LS| ¢ hence r\e/is always a full
RC period of uncertainty. %

5.3.26 Communication interfaces characteristic

I2C interface characteristics

The I2C interface meets the timings requireme €-Bus specification and user
manual rev. 03 for:

e  Standard-mode (Sm): bitrate up to 10 it(s

e Fast-mode (Fm): bitrate up to 400 Kbit/s

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

The I2C timings requirements are guarantged by design when the 12C peripheral is properly

configured (refer to the reference manualyand when the [I2CCLK frequency is greater than
the minimum shown in the table below.

Table 92. Minimu CcC equency in all I2C modes

Symbol Parameter N Conditions Min Unit
Y NN
O é&é&dard%n%de - 2
WO =4 Analog filter ON, DNF = 0 8
stanode
faiocck) | 12CCLK frequenc% Analog filter OFF, DNF = 1 9 MHz
N Analog filter ON, DNF = 0 18
Fast-mode Plus
> Analog filter OFF, DNF =1 16

th OS’connected between the 1/O pin and Vpp oy is disabled, but is still present.
¢ he 20nA output drive requirement in Fast-mode Plus is partially supported. This

its the maximum load C,y54 supported in Fast-mode Plus, given by these formulas:
t(SDA/SCL) = 0.8473 x Rj, X Cjpaq
O —  Rp(min) = [Vpp - VoL(max)] / I (max)
x where R, is the 12C lines pull-up. Refer to Section 5.3.16: I/O port characteristics

for more details.
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STM32WL55/54xx Electrical characteristics

All'12C SDA and SCL I/0Os embed an analog filter (refer to the table below for its
characteristics).

Table 93. 12C analog filter characteristics(") /5

Symbol Parameter Min /@ Uk

tAF Maximum pulse width of spikes that are suppressed by the analog filter 50 \QSO\W% \\Ys\l

1. Guaranteed by characterization.
2. Spikes with widths below tar(min) filtered.
3. Spikes with widths above tar(max) not filtered.

USART characteristics

Unless otherwise specified, the parameters given in the derived from tests
performed under the ambient temperature, fpc kx frequ spty voltage conditions

summarized in Table 25: General operating conditio wing configuration:
e OSPEEDRYy[1:0] set to 10 (output speed)
e capacitive load C = 30 pF

e measurement points at CMOS levels: 0.5

Refer to Section 5.3.16: I/O port character,
function characteristics (NSS, CK, TX, an

ails on the input/output alternate

Symbol Parameter Conditions ~ Min Typ Max Unit

Master mode </ - - 6
fok USART clock frequency MHz
Slave W - - 16

tSU(NSS) NSS setup time Slav&((ﬁod& ter + 5 - -

thnss) | NSS hold time yavehs}\\ 2 - -
tuckr) | CK high time v

L ter nigde 1tk !2-1 | 11fcx/2 | 1/fck/2+1

\Méyr mode 22 - -

tyckr) | CKlow time

&

tsurxy | Datainput setup ti

& S@ve mode 3 - -
ns
b hol Master mode 0 - -
th(Rx ata input oldN\
(RX) Slave mode 1 - -
b id Master mode - 13 22
t TX OUt id ti
V(1) @ Slave mode - 0.5 1
g Master mode 10 - -
thrx output time
( ) Slave mode 0 - -

Q w
N

Y,
N
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SPI characteristics

summarized in Table 25: General operating conditions, with the following confi
e output speed set to OSPEEDRYy[1:0] = 11

e capacitive load C = 30 pF

e measurements done at CMOS levels: 0.5 x Vpp

Refer to Section 5.3.16: /O port characteristics for more details ondhe\Nnputioutpdpalternate
function characteristics (NSS, SCK, MOSI, MISO for SPI).

Table 95. SPI characteristics(1) /f\

Y
Symbol Parameter Conditions Min T;/>>> Max Unit

ME

24

Master mode
1.8 <Vpp<3.6V, Range 1

<X
%4

Master transmitter mode
1.8 <Vpp<3.6V, Range 1 @

wu/
Q

fsck Slave receiver mode \

tgsck) SPI clock frequency 18<Vpp <36V, Rangg\1 24 MHz
Slave mode transmitter/ lex 24(2)
2.7 <Vpp < 3.6V, Rangel1
Slave mode transmitter/full dupl 24(2)
1.8 <Vpp <3.6 'V, Range 1

tsunss) | NSS setup time Slave mode, SPI presgé}ér =2 3 X TpeLk - -

thnss) | NSS hold time Slave mode, SPI prescaler = 2 2 x TpcLk - -

twisckH) | gok high and low time | Master mé& Tpclk - 1 Tpcik | Teolk + 1
tw(sckL)

t Mast

suM) Data input setup time M
tsu(s (\7SIav\-@\@de3) 1 . i
t Ster mede”

"M bata input hold time \@&

th(si) Slave modle

taiso) |Data output access tﬁné\ >

d
tyis(so) | Data Outputdisab@me §$/e mode
Q Q\//
Q \

&
&

-
1
[

ns

12 34
10 16

O©|lo| N O
1
'

3
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Table 95. SPI characteristics(") (continued)
Symbol Parameter Conditions Min Typ M/aﬁs
Range 1

- 10 1\3>5 \V>
Slave mode, 2.7 <Vpp <3.6 V
Range 2 ) 7 @

Slave mode, 2.7 <Vpp <3.6 V

t

v(S0) Data output valid time Slave mode, 1.8 <Vpp <3.6V ) g 20
Range 1 A\ /> ns
Slave mode, 1.8 <Vpp <3.6V ) \%
Range 2 P

tymo) Master mode (after enable edge) - (( \\\/ 1.5

th(so) Slave mode (after enable edge) /8\ \)) -

Data output hold time =
thvo) Master mode (after enable edge) (g 0 )/.\\

AN

g

1. Guaranteed by characterization results.

2. Maximum frequency in Slave transmitter mode is determined by the sum g 0) ts, (v that has to fit into SCK low or
high phase preceding the SCK sampling edge. This value can be achie th fcommunicates with a master
having tg, i) = 0 while Duty(SCK) = 50 %.

em

Figure 26. SPI timing diagram - Slaye CPHA=0

{ \\7
NSS input _\ /_

=" <
le——t¢(ScK
e——iSUNSS)—>] y le—— th(NSS) —»
_[cPHa=0 I \ o f \
3| crPoL=0 - I
£ W(SCKH)| L .
<| cPHA=0 t < >
S| cPoL-1 W(SCKL)

MISO _( MSB@Y\ —/  BITeOUT LSB OUT

OUTPUT -
tsush > 3N N\

MoS! W BIT1 IN X LSB IN X

INPUT

\ / B \ /
ta(so) ty(so) 7\\ th(s0) :r(SCK) tdis(s0) -
O \\ f(SCK)

C% —
N /\\ﬁl) ai14134c

&
&

Y,
N
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Figure 27. SPI timing diagram - Slave mode and CPHA =1

NSS input \

) %

tSUNSS)—e—m re—— tc(SCK) — th(NSS)
| 1 1 . 1 \
5 [ cPHA=1 o ' ' / N' ( NN\
_ I 1 -- !
5 CPOL=0 =% sckn), | " ' : I’ \.’\)
—
O |CPHA=1  twsckl) ! ' N | :
" Lerou w- )
: ! ! , |
' o tyso) e th(so) taiy 391 A
ta(SO) »—re " :
. L - i~
MISO |
oUTRSO 4CX MSB OUT X BIT6 OUT 1 SN

tsu(sl) —+——— le— th(sl) —
1

N )

MOSI
INPUT

A

MSB IN

Y .

BIT:1.IN ((m)/—\k\SB‘Iﬁ X

N\

ai14135b

1. Measurement points are set at CMOS levels: 0.3 Vpp and 0.7 Vpp.

Figure 28. SPI timing diagra

High

N4

NSS input

N y
——— te(sck——>
1

[cPHA=0
CPOL=0

CPHA=0
CPOL=1

SCK Output

[CCcPHA=1
CPOL=0

CPHA=1
CPOL=1

SCK Output

m:ss L(J) T : X
OBA%SJT MN%UT : X BIT1 OUT E X LSB OUT X
& \\) ty(MO) +e— th(MO) 1

ai14136¢

Measuremen@t CMOS levels: 0.3 Vpp and 0.7 Vpp.
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Electrical characteristics

JTAG/SWD characteristics

summarized in Table 25: General operating conditions, with the following confi

e capacitive load C =

30 pF

e measurement done at CMOS levels: 0.5 x Vpp

Refer to Section 5.3.16: I/O port characteristics for more details.

Table 96. Dynamic JTAG characteristics

AN
IZaiaN

iy

Symbol Parameter Conditions Min M Unit
P TCK clock frequency 27V=VYop =30V i \\ NNV 33 MHz
e(rek) 1.8V <Vpp<36V - f“\/} 25
tisyrms) | TMS input setup time - 0&\5 ZF\\\ -
tinrms) | TMS input hold time - 1 Cy -
tisyrony | TDI input setup time - //1\ - -
tinrpy | TDI input hold time - \\2.5 \ - - ns
2.7V <Vpp <36 Y >/ 12 15
tovirpoy | TDO output valid time B
1.8 V< Vpp < 3.6 VU - 12 20
toh(tpo) | TDO output hold time - >1/ - -
Table 97. Dynamic S@characteristics
Symbol Parameter Conditions Min Typ Max Unit
£ 2.7 WKV, 8V - - 58
PP SWCLK clock frequency & oP MHz
1te(sweLk) 1,8<\p 6V - - 41
tisyswoioy | SWDIO input setup ti</nle (—( \\ 1 - -
finswoio) | SWDIO input hold timé ™ AN/ 2 - -
\zz\\§<vDD<3.6v - 15 17 ns
toviswpio) | SWDIO output validdi <
N BV <Vpp<36V - 15 24
toh(swpio) | SWDIO outputhold m - 9 - -
| C\\//
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Package information STM32WL55/54xx

6 Package information

is an ST trademark.

6.1 UFQFPN48 package information

This UFQFPN is a 48 leads, 7x7 mm, 0.5 mm pitch, ultra thin fi itc ad flat package.
Figure 29. UFQFPN48 - Outlin

Pin 1 identifier M
laser marking area
A D -~
% A A
s 4
A
El E| 12>
EN A o ¥ Y Seating
O[ddd | Apq Pane
\ 2 4 e b
<4
Detail Y
< D o y
- Y
Exposed pad
area b2
L
C 0.500x45°
pin1 corner R 0.125 typ.
E2 Detail Z
AOB9_ME_V3
~\/
I5\qot to scale.

is an exposed die pad on the underside of the UFQFPN package. It is recommended to connect and
is back-side pad to PCB ground.

3
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Table 98. UFQFPN48 - Mechanical data (S
millimeters inches(!) //\\

Min Typ Max Min Typ \> Ma\(\

A 0.500 0.550 0.600 0.0197 0.021( (‘ 7}0\23@’/
A1 0.000 0.020 0.050 0.0000 og@% o.?)o‘yo
D

6.900 7.000 7.100 0.2717 (5(2’7\55\\ S—62795

Symbol

A4

6.900 7.000 7.100 0.2717 %&é?%\\ 2795
D2 5.500 5.600 5.700 02165 | 8205 \) 02244
E2 5.500 5.600 5.700 0.216‘(@(\ \{)Qg 0.2244
L 0.300 0.400 0.500 (ym\é\ 0@)5? 0.0197
T - 0.152 m)/«\\ei{oeso

0.200 0.250 0.300 \?foo% ) 0.0098 0.0118

e - 0.500 Y o0.0197

ddd - - 0080 DU - 0.0031

1. Values in inches are converted from mm and rounded to Wi its.

Figure 30. UFQFPN48.- ynended footprint

< 7.30 |

6.20 ——— >

10000000000

SEN

@5\ ]

<+——5.60 | >

A0000000000E

o
3
o

0.50
4+—580—m >

00000000008
oy

AOB9_FP_V2
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Device marking for UFQFPN48

The following figure gives an example of topside marking versus pin 1 position i r
location.

The printed markings may differ depending on the supply chain.

Other optional marking or inset/upset marks, which depend on supply chaik\Q Qns, dre

not indicated below.
Figure 31. UFQFPN48 marking example (packagg\t®\} /S

\

STM32WL55 (/\>

Product identification” </
CCUL ﬁjf\

/

/,\
-«+———— Date code
Pin 1 identifier ——». @ . ) Revision code
MSv66088V1
1. Parts marked as “ES”, “E” or accompanied by ngineering Sample notification letter, are not yet

qualified and therefore not approved for use in roductlon 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 Qualit ment must be contacted prior to any decision to use these
engineering samples to run a qual

3
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STM32WL55/54xx Package information

6.2 WLCSP59 package information @
For more information on this package, contact the local STMicroelectronics sal%
6.3 UFBGA73 package information

This UFBGA is a 73 balls, 5 x 5 mm, ultra thin fine pitch ball grid arra

Figure 32. UFBGA73 - Outline  (\

N

SEATING PLANE

v ~

v | ]
<

A

I AV AYAYAYAYAYAY LW

Ad| A2

SIDE VIEW

: E >
. e [

N

000 00 o\§
00000000
O0000000
00000&D0
O000DP®OO0O0
00000000
O (eJoXo)
o 000
O CR()fB 7 —

w456789

A1INQE

D1 |D

®)

> WO OoOmmTmGEO I «

Q

ORNER AREA

Y

@ b (73 BALLS)

pgeee(M)| C
pfffM| C

BOTTOM VIEW A ‘ B ‘

&

BOSE_UFBGA73_ME_V1

ng p : her feature of package body or integral heat slug.
guishing feature is allowable on the bottom surface of the package to identify the terminal A1
@n ct shape of each corner is optional.

Table 99. UFBGA73 - Mechanical data

S millimeters inches("
ol
@,\ Min Typ Max Min Typ Max
% ) A® - - 0.60 - - 0.236
A1 - - 0.11 - - 0.0043
DS13293 Rev 1 141/147
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Q

Table 99. UFBGA73 - Mechanical data (continued)

millimeters inches(") (3
7N
Symbol
Min Typ Max Min Typ \> MAS\ >
A2 - 0.13 - - 0.005((‘ - \V/
A4 - 0.32 - - 0.01 2(& \\
b® 0.24 0.29 0.34 0.0094 Boma\ oofsa
D 4.85 5.00 515 01909  [(\0A969| | | /02028
D1 - 4.00 - - Q75 \] -
E 4.85 5.00 5.15 0.19 1 0.2028
ARG
E1 - 4.00 - ] \¥ o\.,’;ys -
e - 0.50 - () oeo7 ]
F - 0.50 - AV -V ) 00197 -
ddd - - 0.08 - - 0.0031
eee® - - 018 (T AN - 0.0059
1£f(5) - - N - 0.0020
1. Values in inches are converted from mm and rou igits.
2. - UFBGA stands for Ultra-Thin Profile Fine Pitch } .
- Ultra Thin profile: 0.50 <A < 0.65mm / Fine pitch: e < 1.0 pitch.
- The total profile height (Dim A) is measured from the seatjng’plane to the top of the component
- The maximum total package height is calculated by the folowing methodology:
AMax = A1 Typ + A2 Typ + A4 Typ + V (A12+A22+A42 tolerance values)
3. The typical balls diameters before mounting isﬁ mm.
4. 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 toler
with respect to datum A and B as
within this tolerance zone.

5. The tolerance of position that contr

tolerance zone fff in,

one eee perpendicular to datum C and located on true position
e. The axis perpendicular to datum C of each ball must lie

e location of the balls within the matrix with respect to each other.
zone fff perpendicular to datum C and located on true position
gr to‘datum C of each ball must lie within this tolerance zone. Each

ained entirely in the respective zone eee above. The axis of each ball

N

must lie simultanedygly in bothNtolergnge zones.
%/\Zﬁlgm. UFBGA73 - Recommended footprint

N

@
%@

&

Dpad

Dsm

MSv62396V1
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Table 100. UFBGA recommended PCB design rules (0.5 mm pitch BGA)

Dimension Recommended valuesm
Pitch 0.5 mm N \\

Dpad 0.230 mm /\ \\/
D 0.330 mm typ. (depends on the \@
sm o
registration tolerance)

Stencil opening 0.280 mm K&
Stencil thickness Between 0.100 mm an\i{?\125 H\W
Pad trace width 0.100 mm

Ball diameter 0.280 mm K\ N\ Vv
\\/

Device marking for UFBGA73

The following figure gives an example of topside mar versus 1 position identifier

location.
D
ick .- !!

Other optional marking or inset/upset marks, whi
not indicated below.

The printed markings may differ depending on

d on supply chain operations, are

Figure 34. UFBGA73 marking example (package top view)

Product identification | W L@ 54dCIE

<\> Y[ WWw| R+

O
;E%J‘_ Sl

\/
companled by an Engineering Sample notification letter, are not yet
t approved for use in production. ST is not responsible for any consequences
YW no event will ST be liable for the customer using any of these engineering
T’s Quality department must be contacted prior to any decision to use these
run a qualification activity.

| _— Date code

Revision code
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Table 25: General operating conditions.

The maximum chip-junction temperature, T; max (in °C), can be calculate
equation:

Ty max =Ty max + (Pp max x O jp)
where:
e T, maxis the maximum ambient temperature in °C.
e 0Oy, is the package junction-to-ambient thermal resistancen ’C

e Pp max is the sum of Pyt max and Pj;,o max (Pp max

e  Pny7 maxis the product of Igp and Vpp, expressed in
internal power.

6.4 Package thermal characteristics @
The maximum chip junction temperature (T; max) must never exceed the value in
e

P;,o max represents the maximum power dissipatio

taking into account the actual Vg /g and Vg
application.

When the SMPS is used, a portion of the
inductor, therefore reducing the device po
the inductor ESR characteristics.

ipatjon. This portion depends mainly on

As the radiated RF power is quite low (< 4 mW), it
device power consumption.

not necessary to remove it from the

RF characteristics (such as sensitivity, T%)wer consumption) are provided up to 85 °C.

Table 1A((?"Fl\a\ok\age thermal characteristics
Symbol \@am ter Value Unit
A e\jﬂnction-ambient
mm 201
Oun 7 mm 27.4
N\ TBD
Q TWsistance junction-board
A73-5x5mm 20.2
o °C/W
58 %UF N48 - 7 x 7 mm 17

N m SP59 TBD

O \\\\> Thermal resistance junction-top case
% UFBGA73-5x5mm 31.1

UFQFPN48 - 7 x 7 mm 8.5
WLCSP59 TBD

3
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7 Ordering information

Example: STM32 WL 55 J

Device family

72

STM32 = Arm based 32-bit microcontroller @

Product type

WL = wireless long range

Device subfamily @
55 = Cortex-M4, Cortex-MO0+, full set of modulations

54 = Cortex-M4, Cortex-MO0+, full set of modulations except LoRa

Pin/ball count \

N\
O
4

</

<

Flash memory size

C = 256 Kbytes

Package ﬁ

| = UFBGA N
U= UFQFPN
Y= WLCSP

Temperature range /\
6=-401085°C (105§unctl N\)
7 =-40 to 105 °C (12 C%
Packing /&

N

TR = tape and reel N
XXX = program arts

)
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8 Revision history @

Table 102. Document revision history /7

Date Revision Changes ( (\\ \\//

27-Oct-2020 1 Initial release. /\\ ) )
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\°
o

IMPORTANT N PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) regerve th
improvements to ST products and/or to this docume i
ST products before placing orders. ST products are
acknowledgment. 2>

Purchasers are solely responsible for the '

the design of Purchasers’ products.

t to make changes, corrections, enhancements, modifications, and
hout notice. Purchasers should obtain the latest relevant information on
ant to ST’s terms and conditions of sale in place at the time of order

, and use of ST products and ST assumes no liability for application assistance or

No license, express or implied, to intellec roperty right is granted by ST herein.

Resale of ST products ifferent from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo a
product or service

T. For additional information about ST trademarks, please refer to www.st.com/trademarks. All other
pyoperty of their respective owners.

Information in cum persedes and replaces information previously supplied in any prior versions of this document.

O % © 2020 STMicroelectronics — All rights reserved

DS13293 Rev 1 147147

(&



	Table 1. Device summary
	1 Introduction
	2 Description
	Table 2. Main features and peripheral count
	Figure 1. STM32WL55/54xx block diagram

	3 Functional overview
	3.1 Architecture
	3.2 Arm Cortex-M cores
	Arm Cortex-M4
	Arm Cortex-M0+

	3.3 Adaptive real-time memory accelerator (ART Accelerator)
	3.4 Memory protection unit (MPU)
	3.5 Memories
	3.5.1 Embedded Flash memory
	Table 3. Access status versus RDP level and execution mode

	3.5.2 Embedded SRAM

	3.6 Security memory management
	3.7 Boot modes
	3.8 Global TrustZone controller (GTZC)
	3.9 Sub-GHz radio
	3.9.1 Introduction
	3.9.2 General description
	Figure 2. sub-GHz radio system block diagram

	3.9.3 Transmitter
	Transmitter high output power
	Figure 3. High output power PA
	Table 4. Sub-GHz radio transmit high output power

	Transmitter low output power
	Figure 4. Low output power PA


	3.9.4 Receiver
	3.9.5 RF-PLL
	3.9.6 Intermediate frequencies
	Table 5. FSK mode intermediate frequencies
	Table 6. LoRa mode intermediate frequencies


	3.10 Power supply management
	3.10.1 Power supply schemes
	Figure 5. Power supply overview
	Figure 6. Supply configurations

	3.10.2 Power supply supervisor
	3.10.3 Linear voltage regulator
	3.10.4 VBAT operation

	3.11 Low-power modes
	Table 7. Functionalities depending on system operating mode
	Table 8. Low-power mode summary
	Relation between MCU and sub-GHz radio operating modes
	Table 9. MCU and sub-GHz radio operating modes

	3.11.1 Reset mode

	3.12 Peripheral interconnect matrix
	Table 10. Peripherals interconnect matrix

	3.13 Reset and clock controller (RCC)
	Figure 7. Clock tree

	3.14 Hardware semaphore (HSEM)
	3.15 Inter-processor communication controller (IPCC)
	3.16 General-purpose inputs/outputs (GPIOs)
	3.17 Direct memory access controller (DMA)
	Table 11. DMA1 and DMA2 implementation

	3.18 Interrupts and events
	3.18.1 Nested vectored interrupt controller (NVIC)
	3.18.2 Extended interrupt/event controller (EXTI)

	3.19 Cyclic redundancy check (CRC)
	3.20 Analog-to-digital converter (ADC)
	3.20.1 Temperature sensor
	Table 12. Temperature sensor calibration values

	3.20.2 Internal voltage reference (VREFINT)
	Table 13. Internal voltage reference calibration values

	3.20.3 VBAT battery voltage monitoring

	3.21 Digital-to-analog converter (DAC)
	3.22 Voltage reference buffer (VREFBUF)
	3.23 Comparator (COMP)
	3.24 True random number generator (RNG)
	3.25 Advanced encryption standard hardware accelerator (AES)
	3.26 Public key accelerator (PKA)
	3.27 Timer and watchdog
	Table 14. Timer features
	3.27.1 Advanced-control timer (TIM1)
	3.27.2 General-purpose timers (TIM2, TIM16, TIM17)
	3.27.3 Low-power timers (LPTIM1, LPTIM2 and LPTIM3)
	3.27.4 Independent watchdog (IWDG)
	3.27.5 System window watchdog (WWDG)
	3.27.6 SysTick timer

	3.28 Real-time clock (RTC), tamper and backup registers
	3.29 Inter-integrated circuit interface (I2C)
	Table 15. I2C implementation

	3.30 Universal synchronous/asynchronous receiver transmitter (USART/UART)
	3.31 Low-power universal asynchronous receiver transmitter (LPUART)
	Table 16. USART/LPUART features

	3.32 Serial peripheral interface (SPI)/integrated-interchip sound interface (I2S)
	Table 17. SPI and SPI/I2S implementation

	3.33 Development support
	Serial-wire JTAG debug port (SWJ-DP)


	4 Pinouts, pin description and alternate functions
	Figure 8. UFQFPN48 pinout
	Figure 9. UFBGA73 pinout
	Table 18. Legend/abbreviations used in the pinout table
	Table 19. STM32WL55/54xx pin definition
	Table 20. Alternate functions

	5 Electrical characteristics
	5.1 Parameter conditions
	5.1.1 Minimum and maximum values
	5.1.2 Typical values
	5.1.3 Typical curves
	5.1.4 Loading capacitor
	5.1.5 Pin input voltage
	Figure 10. Pin loading conditions
	Figure 11. Pin input voltage

	5.1.6 Power supply scheme
	Figure 12. Power supply scheme

	5.1.7 Current consumption measurement
	Figure 13. Current consumption measurement scheme


	5.2 Absolute maximum ratings
	Table 21. Voltage characteristics
	Table 22. Current characteristics
	Table 23. Thermal characteristics

	5.3 Operating conditions
	5.3.1 Main performances
	Table 24. Main performances at VDD = 3 V

	5.3.2 General operating conditions
	Table 25. General operating conditions

	5.3.3 Sub-GHz radio characteristics
	Table 26. Operating range of RF pads
	Table 27. Sub-GHz radio power consumption
	Table 28. Sub-GHz radio power consumption in transmit mode
	Table 29. Sub-GHz radio general specifications
	Table 30. Sub-GHz radio receive mode specifications
	Table 31. Sub-GHz radio transmit mode specifications
	Table 32. Sub-GHz radio power management specifications

	5.3.4 Operating conditions at power-up/power-down
	Table 33. Operating conditions at power-up/power-down

	5.3.5 Embedded reset and power-control block characteristics
	Table 34. Embedded reset and power-control block characteristics

	5.3.6 Embedded voltage reference
	Table 35. Embedded internal voltage reference
	Figure 14. VREFINT versus temperature

	5.3.7 Supply current characteristics
	Typical and maximum current consumption
	Table 36. Current consumption in Run and LPRun modes on CPU1, CoreMark code with data running from Flash memory, ART enable (cache ON, prefetch OFF)
	Table 37. Current consumption in Run and LPRun modes on CPU1 and CPU2, CoreMark code with data running from SRAM1
	Table 38. Current consumption in Run and LPRun modes on CPU1, CoreMark code with data running from SRAM1
	Table 39. Typical current consumption in Run and LPRun modes on CPU1, with different codes running from Flash memory, ART enable (cache ON, prefetch OFF)
	Table 40. Typical current consumption in Run and LPRun modes on CPU1, with different codes running from SRAM1
	Table 41. Current consumption in Sleep and LPSleep modes on CPU1, Flash memory ON
	Table 42. Current consumption in Sleep and LPSleep modes on CPU1 and CPU2, Flash memory ON
	Table 43. Current consumption in LPSleep mode on CPU1, Flash memory in power-down
	Table 44. Current consumption in LPSleep mode on CPU1 and CPU2, Flash memory in power-down
	Table 45. Current consumption in Stop 2 mode
	Table 46. Current consumption during wakeup from Stop 2 mode
	Table 47. Current consumption in Stop 1 mode
	Table 48. Current consumption during wakeup from Stop 1 mode
	Table 49. Current consumption in Stop 0 mode
	Table 50. Current consumption during wakeup from Stop 0 mode
	Table 51. Current consumption in Standby mode
	Table 52. Current consumption during wakeup from Standby mode
	Table 53. Current consumption in Shutdown mode
	Table 54. Current consumption in VBAT mode
	Table 55. Current under Reset condition

	I/O system current consumption
	On-chip peripheral current consumption
	Table 56. Peripheral current consumption


	5.3.8 Wakeup time from low-power modes and voltage scaling transition times
	Table 57. Low-power mode wakeup timings
	Table 58. Regulator modes transition times

	5.3.9 External clock source characteristics
	High-speed external user clock generated from an external source
	Crystal oscillator
	Table 59. HSE32 crystal requirements
	Table 60. HSE32 oscillator characteristics

	TCXO regulator
	Table 61. HSE32 TCXO regulator characteristics

	Low-speed external user clock generated from an external source
	Table 62. Low-speed external user clock characteristics
	Figure 15. Typical application with a 32.768 kHz crystal
	Figure 16. Low-speed external clock source AC timing diagram
	Table 63. Low-speed external user clock characteristics – Bypass mode


	5.3.10 Internal clock source characteristics
	High-speed internal (HSI16) RC oscillator
	Table 64. HSI16 oscillator characteristics
	Figure 17. HSI16 frequency versus temperature

	Multi-speed internal (MSI) RC oscillator
	Table 65. MSI oscillator characteristics
	Figure 18. Typical current consumption vs. MSI frequency

	Low-speed internal (LSI) RC oscillator
	Table 66. LSI oscillator characteristics


	5.3.11 PLL characteristics
	Table 67. PLL characteristics

	5.3.12 Flash memory characteristics
	Table 68. Flash memory characteristics
	Table 69. Flash memory endurance and data retention

	5.3.13 EMC characteristics
	Functional EMS (electromagnetic susceptibility)
	Table 70. EMS characteristics

	Designing hardened software to avoid noise problems
	Electromagnetic interference (EMI)
	Table 71. EMI characteristics


	5.3.14 Electrical sensitivity characteristics
	Electrostatic discharge (ESD)
	Table 72. ESD absolute maximum ratings

	Static latch-up
	Table 73. Electrical sensitivities


	5.3.15 I/O current injection characteristics
	Functional susceptibility to I/O current injection
	Table 74. I/O current injection susceptibility


	5.3.16 I/O port characteristics
	General input/output characteristics
	Table 75. I/O static characteristics
	Figure 19. I/O input characteristics - VIL and VIH on all I/Os

	Output driving current
	Output voltage levels
	Table 76. Output voltage characteristics

	Input/output AC characteristics
	Table 77. I/O AC characteristics


	5.3.17 NRST pin characteristics
	Table 78. NRST pin characteristics
	Figure 20. Recommended NRST pin protection

	5.3.18 Analog switches booster
	Table 79. Analog switches booster characteristics

	5.3.19 Analog-to-digital converter characteristics
	Table 80. ADC characteristics
	Table 81. Maximum ADC RAIN values
	Table 82. ADC accuracy
	Figure 21. ADC accuracy characteristics
	Figure 22. Typical connection diagram using the ADC
	General PCB design guidelines

	5.3.20 Temperature sensor characteristics
	Table 83. TS characteristics

	5.3.21 VBAT monitoring characteristics
	Table 84. VBAT monitoring characteristics
	Table 85. VBAT charging characteristics

	5.3.22 Voltage reference buffer characteristics
	Table 86. VREFBUF characteristics
	Figure 23. VREFOUT_TEMP when VRS = 0
	Figure 24. VREFOUT_TEMP when VRS = 1

	5.3.23 Digital-to-analog converter characteristics
	Table 87. DAC characteristics
	Figure 25. 12-bit buffered/non-buffered DAC
	Table 88. DAC accuracy

	5.3.24 Comparator characteristics
	Table 89. COMP characteristics

	5.3.25 Timers characteristics
	Table 90. TIMx characteristics
	Table 91. IWDG min/max timeout period at 32 kHz (LSI)

	5.3.26 Communication interfaces characteristics
	I2C interface characteristics
	Table 92. Minimum I2CCLK frequency in all I2C modes
	Table 93. I2C analog filter characteristics

	USART characteristics
	Table 94. USART characteristics

	SPI characteristics
	Table 95. SPI characteristics
	Figure 26. SPI timing diagram - Slave mode and CPHA = 0
	Figure 27. SPI timing diagram - Slave mode and CPHA = 1
	Figure 28. SPI timing diagram - Master mode

	JTAG/SWD characteristics
	Table 96. Dynamic JTAG characteristics
	Table 97. Dynamic SWD characteristics




	6 Package information
	6.1 UFQFPN48 package information
	Figure 29. UFQFPN48 - Outline
	Table 98. UFQFPN48 - Mechanical data
	Figure 30. UFQFPN48 - Recommended footprint
	Device marking for UFQFPN48
	Figure 31. UFQFPN48 marking example (package top view)


	6.2 WLCSP59 package information
	6.3 UFBGA73 package information
	Figure 32. UFBGA73 - Outline
	Table 99. UFBGA73 - Mechanical data
	Figure 33. UFBGA73 - Recommended footprint
	Table 100. UFBGA recommended PCB design rules (0.5 mm pitch BGA)
	Device marking for UFBGA73
	Figure 34. UFBGA73 marking example (package top view)


	6.4 Package thermal characteristics
	Table 101. Package thermal characteristics


	7 Ordering information
	8 Revision history
	Table 102. Document revision history


