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• STM32 over the last 15 years 

• Focus on Performances

• Focus on Analog … & RF

• Focus on Low Power

• Focus on Quality

• Strong growth of STM32 shipment

• Regular increase of market share 

Introduction
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STM32 Power Management



• Low Cost

• Many LQFP packages

• Few external components

• Simple Printed Circuit Boards

• Ease of use 

STM32 Family
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STM32C0
C-M0+ 48MHz

STM32F0
C-M0 48MHz

STM32F1
C-M3 72MHz

STM32F3
C-M4 72MHz

STM32G4
C-M4 170MHz

STM32L0
C-M0+ 32MHz

STM32L4
C-M4 80MHz

STM32L4+
C-M4 120MHz

STM32L5
C-M33 110MHz

STM32U5
C-M33 160MHz

STM32WL
C-M0+ 48MHz
C-M4 48MHz

STM32WB
C-M0+ 32MHz
C-M4 64MHz

STM32WBA

C-M33 100MHz

STM32F7
C-M7 216MHz

STM32H7
C-M7 550MHz
C-M4 240MHz

STM32H5
C-M33 250MHz

STM32F4
C-M4 180MHz

STM32F2
C-M3 120MHz

STM32F2
C-M3 120MHz



• Mixed Digital / Analog SoC

• Embedded Power Management

• Low cost

  - CMOS Process 

  - PCB

  - External components

• High volume production

• 100s Munits / Year

Typical content of STM32
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ARM®  Cortex®

TrustZone®

FPU
MPU
ETM

NeoChrom
GPU

LPDMA

ART Accelerator TM

CORDIC

FMAC

Flash memory
Dual Bank

RAM

Parallel Interface

FSMC 8/16 bits
(TFT-LCD, SRAM,

 NOR, NAND)

Display

MIPI DSI
TFT-LCD Controller

Timers

High Resolution Timers
ULP Timers

16-bits Timers
32-bits Timers

I/Os

Touch-sensing controller
Camera Interface

Connectivity

USB-HS, USB-C, CAN FD  
SD/MMC, SPI, I2C, 

Octo-SPI, Hexadeca -SPI
USART, LPUART, UART

Digital

Analog

ADCs
DACs

Comparators
OPAMPs

Temperature sensor

Power Management

LDO
SMPS
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Voltage regulators

Efficiency

Current

Capability

Charge Pump

Ultra low quiescent 

mode

BUCK SMPS

Ultra low quiescent 

mode
High current modeLow Power mode

Switching Noise

External coil

LDO

High current modeLow Power mode Low Noise

Low Cost

7
STM32 Power Management Robustness & Reliability Low Power Features Power & Noise Integrity



Reliability & Robustness



Wide package family
QFN

BGA

LQFP

WLCSP

Module
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Maximum Stress 

on PMOS VDS
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• Devices stressed for very short durations 

• Care with dynamic stress effects 

• Depend on duty cycle

• Depend on switching frequency

• Depend on rise and fall times

• Extensive rigorous Operating Life Test experiments

Low Voltage CMOS stress RELIABILITY
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Buck FSM ROBUSTNESS 

Standard Synthesis flow

Standard CAD SW

Standard P&R flow

Standard Library

Robust design flow

mandatory

Synchronous FSM

High frequency clock

IFSM a FCLK

Poor h at light load 

Low Cost

Small External 

Components

High FSW

Asynchronous FSM

Low frequency clock

High h at light load ☺

Risk of metastability 

?
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Globally Asynchronous / Locally Synchronous FSM

Asynchronous Clock

Local

Clock
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Next State

Current State

Next Out

Synchronous

FSM
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Inputs
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tc

h
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Ultra Low Power features

If only my smartwatch 

could last longer when I am

active



0.9V 1.0V 1.1V 1.2V

RUN SMPS

RUN4 RUN3 RUN2 RUN1

• Various Operating Points

• Flexibility

• Agility

• Various Low Power Modes

• Best Trade off 

Speed/Power

Power Modes FLEXIBILITY
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RUN LDO

RUN4 RUN3 RUN2 RUN1

Low Power Modes  LDO

STOP3 STOP2 STOP1 STDBY

Low Power Modes SMPS

STOP3 STOP2 STOP1 STDBY
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PCC Tool on STM32 CubeMX: Ease of Use!
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Power Mode
Power Range

Supply Voltage

CPU Frequency

Step Duration

Peripheral 

Selection
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PCC Tool on STM32 CubeMX: Sequence results
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Graphical Results

Steps Sequence
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Impact of input voltage range on SMPS EFFICIENCY
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Buck in PFM

IQ<1µA 

IOUT up to 50mA 

@ TJ=140°C

High efficiency 

@ light load

STOP3: 14.5µA
RUN4
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1.6V<VDD<3.6V

IL Peak ???

VOUT Ripple ???

Coil size ???

VDD=3.3V

VOUT=1V



IL @ VIN=1.6V

IOUTmax @ VIN=1.6V

V

t

TON

54.5mA

VOUT=1.2V

PFM with Fixed TON

IOUTmax @ VIN=3.6V

IL @ VIN=1.6V

IOUTmax @ VIN=1.6V

V

t

TON @ VIN=3.6V

TON @ VIN=1.6V

IL @ VIN=3.6V

54.5mA

145.5mA

VOUT=1.2V

PFM with Voltage Feed Forward

IL @ VIN=1.6V

IOUTmax @ VIN=1.6V

V

t

TON @ VIN=1.6V

TON @ VIN=3.6V

54.5mA
IL @ VIN=3.6V

VOUT=1.2V

PFM with Constant Peak Current

IL @ VIN=3.6V

IL @ VIN=1.6V

IOUTmax @ VIN=1.6V

V

t

IOUTmax @ VIN=3.6V

TON

54.5mA

327.5mA

VOUT=1.2V

PFM with Fixed TON Constant Peak Current Control

𝐼𝑝𝑒𝑎𝑘 =
(𝑉𝐼𝑁 − 𝑉𝑂𝑈𝑇)

𝐿
∙ 𝑇𝑂𝑁

𝐼𝑝𝑒𝑎𝑘 =
(𝑉𝐼𝑁 − 𝑉𝑂𝑈𝑇)

𝐿
∙
𝑉𝑂𝑈𝑇
𝑉𝐼𝑁

∙ 𝑇𝑂𝑁
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COUT=4.4µF

L=2.2µH

IQ<1µA ➔ No current sensor!



Noise Integrity



SMPS noise impact on BLE transceiver

Sensitivity measurement

on a Nucleo-WB55 board

BLE Signal

Power = x dBm

Data bits

Bit Error Rate = x %

Rx Sensitivity :

Minimal signal power that ensure B.E.R. ≤ 0.1 %
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BLE Channel

SMPS off SMPS on

≈ 2 𝑑𝐵
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Source: Rhode&Schwarz



+ Rx Noise Transfer 

Functions

Bluetooth receiver noise model
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Ideal BLE signal
Signal power control + Ambient thermal noise

+ Rx chain noise factor

Bits comparison : B.E.R.
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Noise transfer function extraction

22
STM32 Power Management Robustness & Reliability Low Power Features Power & Noise Integrity



Noise transfer function extraction
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Noise sources
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Transient simulation
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Simulated noise impact on sensitivity
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Conclusion & Summary
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Reliability

Low-cost constraints

Robustness Flexibility Efficiency Integrity

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓
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