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Introduction

« STM32 over the last 15 years
* Focus on Performances
* Focus on Analog ... & RF

32-Bit MCU Market Share Trend
45%

* Focus on Low Power
. 35%
- Focus on Quality @ o /\/\
20% <_.9<

15% ﬂ’é’"
#1 GP MCU o~
Worldwide 5% W
0% T T T T T T T T T T T T T T T T T 1
2004 2006 2008 2010 2012 2014 2016 2018 2020
- A =— B =—sm C —D —E

« Strong growth of STM32 shipment

* Regular increase of market share
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STM32 Power Management




STM32F7 STM32H7
C-M7 216MHz C-M7 550MHz
C-M4 240MHz
H'Egh STM32F2 STM32F2 STM32F4 STM32H5
Performance C-M3120MHz | | C-M3 120MHz C-M4 180MHz C-M33 250MHz |
STM32G4
)) C-M4 170MHz
. STM32C0 STM32F0 STM32F1 STM32F3
Mainstream C-MO+ 48MHz C-MO0 48MHz C-M3 72MHz C-M4 72MHz
STM32L4+ STM32U5
C-M4120MHz | | C-M33160MHz
STM32L0 STM32L4 STM32L5
Ultra-low C-MO+ 32MHz C-M4 80MHz C-M33 110MHz
power
.“ STM32WL STM32WB STM32WBA
i |
C-MO+ 48MHz C-MO+ 32MHz
C-M4 48MHz C-M4 64MHz ¢-M33 100MHz

Wireless

STM32 Family

 Low Cost

 Many LQFP packages
* Few external components
« Simple Printed Circuit Boards

« Ease of use

e

STM32 MCU Developer Zone |

Everything for STM32 MCU developers, in one place.

Bogrds Software Embedded Solutions Resources

Hardware tools software

¢ B # & B
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Typical content of STM32

ARM® Cortex® Connectivity
TrustZone®
FPU
MPU
ETM

Parallel Interface

Mixed Digital / Analog SoC ~ FSMC/16 bits

(TFT-LCD, SRAM,
NOR, NAND)

USB-HS, USB-C, CAN FD

SD/MMOC, SPI, I°C,
Octo-SPI, Hexadeca -SPI
USART, LPUART, Uh

Embedded Power Management

Display NeoChrom #
GPU | - I
MIPI DSI ‘ — Szl
. LOW COSt TFT-LCD Controller__ T

Analog

- CMOS Process
- PCB I

High Resolution Timers
- External components UtPimers

16-bits Timers
32-bits Timers

ART Accelerator ™

Timers ADCs

DACs

CORDIC Comparators

OPAMPs

Temperature sen-

Flash memory
Dual Bank Power Management

FMAC

High volume production
 100s Munits / Year 1/Os

Touch-sensing controller

LDO
Camera Interfach SMPS




Ultra low quiescent
mode

Efficiency

|

BUCK SMPS

Low Power mode

Voltage regulators

High current mode

Switching Noise

External coil

Current

Charge Pump

Ultra low quiescent
mode

Low Power mode

LDO

High current mode

> Capability

Low Cost
Low Noise
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Reliability & Robustness




QFN

Wide package family

BGA L Current
Package B SN e e
| PMOS Current . ,

LD NMOS at a

Current

BN ING==

L

—C]W—_OL—DVOUT
(o}

outT VDD /\'A
/ N VLX
Die 0O

GND

I-BOND

~Y

D1 D2 )

A
A
A
v

Leonp
GND

Maximum Stress
on PMOS Vpe
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Low Voltage CMOS stress RELIABILITY

* 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

10
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Low Cost

Small External Buck FSM ROBUSTNESS

Components

Standard Library

Synchronous FSM Asynchronous FSM

Standard CAD SW
High frequency clock Low frequency clock

Standard Synthesis flow

High m at light load ©

Poor n at light load ® Risk of metastability @ Standard P&R flow

Robust design flow
mandatory

"l fopr > w1 ] J—— 11
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Globally Asynchronous / Locally Synchronous FSM I

Current State

Next State

State
Register

=

o
o

—

-
S
©
=
o)
=
)
@

Inputs

Next Out

> Outputs

Out
Register

Synchronous
FSM

Asynchronous Clock

l,‘f ’l ) > STM32 2@> Robustness&Rell > > Low Powerﬁ > Power&Noisi> 12
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Ultra Low Power features

15
If on Iy my smartwatch

could last longer when | am
active
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Low Power Modes LDO

Power Modes FLEXIBILITY

STOP3

STOP2 STOP1 STDBY

Various Operating Points

RUNLDO Flexibility

Agility

Various Low Power Modes

RUN SMPS

Best Trade off
Speed/Power

/—

STOP3 STOP2 STOP1 STDBY

Low Power Modes SMPS

1"f ’l | Z STM32 Power Mﬁ> 2 Robustness &ﬁ 2 Low Power Fea- > 2 Power & Noisﬁ 14
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Power Mode
Power Range

Supply Voltage = b
CPU Frequency ® b

Step Duration w )

PCC Tool on STM32 CubeMX: Ease of Use!

[ Edit Step

Reset Step Settings | Enable All IPs | Disable Al IPs | Enable IPs from Pinout

[

Power/Memory — Peripherals Selection——||————————Enabled Peripherals———
Power Mode |RUN v | L vpmimz Ac1) (ance) (coroic) (soumct) (sommcz) (uss_ote_Fs)
O LpTim3
Power Range |Range:-‘;‘erch‘.‘.‘ hd | [ LpTime
[ LPuART1
Memory Fetch Type |FLASH_PerwnBﬁnkZ.-'ART.fCachﬂ‘a'day s | O moF1
Voo |3.u v | O ocTospin
1 ocTospi2
Voltage Source |Baﬂery ~ | 1 orAMPY
Clocks [1 orampz
[1 oTFoEC1
CPU Freguency |24 MHz ~ | [ oTFDEC2
Interpolation Ranges | | L pra
[ pssi
User Choice (Hz) 1 pwr
[1 ramcFe
Clock Configuration |r.|5| ALL_RAM_RETENTION ~ | O ruG
Clock Source Freguency 24 MHz ~ | L rrc
[ saes
Opti I Settings [ sai
Step Duration |1 ||ms % | O saiz
SDMMC1
Additional Consumption |D ||mA e | SDMMC2
Results Ul sPit
[ spiz
Step Consumption |2.SE- mé | O sPi3
Without Peripherals |2.1 mA | 1 srRAM3
[1 sram4
Peripherals Part 7572 pA (A0 nA-D0 7572 pA) | O svs
Ta Max (°C} f10a7 | O tame
M1 Tinaa
Warnings

= 1

Peripheral
Selection
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PCC Tool on STM32 CubeMX: Sequence results

m STM32CubeMX Untitled™: STM32U583A1k - X

swhélj? File Window Help @ n . 4 *}(

onfiguratian GENERATE CODE CHECK LPBAM DESIGN _

Clock Configuration Project Manager

v Power

X 5 Step Sequence -Transitions Checker-
[ Newstap | E R 8 z o@ Bo Steps Sequence

User Sequence Table

Ty 25°C IV, 3.0V >

Sequence Generator v -EE__ Range/Scale CPU/Bus Freq Clock Config Peripherals
1 Range1-High FLASH_PwrDwnBank... 160 MHz HSE BYP PLLALL R .. 135 mA 1ms
Why Use Sequence Generator ? hd 2 RUN 3.U Ranged-VeryLow FLASH_PwrDwnBank... 8 MHz HSE BYP ALL_RAM ... 500 ps
3 STOP3 3.0 NoScale FLASH 0Hz ALL_RAM_RETENTION 14.5 yA 5 ms
Sequence Generator allows to quickly generate 2 4 RUN 30 Ranged-Verylow FLASH_PwrDwnBank 24 MHz MSI ALL_RAM_RETE  ADC1 ADC4 OCTOSF 2 1ms
steps in high and low power modes in typical
conditions without creating each step manually ’
using New Step button. Display Selection
What is the Default Sequence ? v Select your Preferred Display |Plot- All Steps ~ | o
Eal Default Sequence gathers a 0.1 ms step in RUN at e e
max CPLU frequency getting highest performance 14 i i i i
and consumption, and a 0.9 ms step in STOP with 13 T
the lowest consumption in typical conditions with 1:RUN
o 124
Vpg 3.0V at T, 25°C.
11 4
-Generator = 101
E o ! [ . !
Generate RUN + STOP3 : .
e B8
Back To Default Sequence 'E. Graph.cal Results
7 . . . .
Enable Auto Refresh Auto Refresh OFF E
w 6
=
-Results at T, 25°C / 3.0V ——————— 8 5
4:RUN
Sequence Type Default 41
Typ. Average Current 1.45 mA 3
DMIPS 200
24 ; ;
- Sequence Configuration————— 1 l 3:5TOPZ
RUN Consumption 14.5 mA _ o I
- 0.0 0.5 1.0 1.5 2.0 ZE 2.0 == 4.0 S =.0 == 6.0 6.5 7.0 7.5
High Power Mode RUMN v Time (ms)
CPU Frequency 160 MHz — Idd by Step — Average Current
. Sequence Time/ TaMax & ms/103.54°C Average Consumption 2.23 mA
ETOPB Consumption 1.8 pA Battery Life Estimation 2 months, 2 days, 13 hours Average DMIPS 31 DMIPS
re. g

’l STM32 Power Roblstness Lou_r Power Fe 16
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Impact of input voltage range on SMPS EFFICIENCY

Buck efficiency versus output current

90%

80% - -

60% |

j High efficiency IfFR @ -~ s H
i @lightload 3kes JE A

IL Peak ??7?

Q
N

B~ U
R
X

Efficiency (%)

VOUT Ripple ??7?

30%

20%

10% \../ I...1° T
. \ =

B W

0%

Coil size ??7? 1E-5 1E-4 1E-3 1E-2

Qutput Current (A)

louT UP to SOMA

1.6V<VDD<3.6V
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PFM with Fixed TON

Y
A |
N\ I. @ VIN=3.6V
Vour=1.2V |
| W = Your) .,
i peak — *LON
i AENT,
i R0
|
i PATENTED
! B\ A
i & ©
| GINOLS
[ | *
3275mA ____________ i_ _4_._._._._._i ________________________ |OUTmax @ V|N=3.6V
. @ VIN=3.6V:
: | / _ (Vin = Vour) Vour T
i : peak — I ’ Vin *lon
| |
1455mA N A !_._4_._._. _._i ________________________ IOUTmax @ V|N=3.6V
! |
: | ||_ @ V|N=1.6V
54.5mAl f——— o=~ -:- = = === loutmax @ Vin=1.6V
| ||_ @ V|N:3.6V
T > t

———Fopl@ V\=3.6V <>
I Ton @ VN=3.6V ;
- >

| TON @MN=16V |

Io<1pA = No current sensor!

| Constant Peak Current Control

Coil peak current vs Input Voltage

0.70
0.60 L:2 . ZHH
0.50

:‘7 0.40

——Ipk Fixed TON

2 0.30 b

= ——Ipk FFWD
0.20

——Ipk Cst

0.10

0.00

1.6 2.1 26 3.1 3.6
VIN (V)
Output voltage Ripple vs VIN

0.140

Cour=4.4uF

S 0.100

o

S 0.080

= ——Fixed TON 1mA

~ 0.060

5 ——FFWD 1mA

2 0.040

—Ipk cst 1mA
0.020
0.000
1.6 2.1 26 3.1 3.6
VIN (V)




Noise Integrity
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SMPS noise impact on BLE transceiver

| Wy |
BLE Signal Data bits

Power = x dBm Bit Error Rate = X %
Rx — | | | |

Rx Sensitivity :
Minimal signal power that ensure B.E.R. < 0.1 %

-90
— | —SMPSoff —SMPSon |
Ol i £ 91
(= 0
| = S 2 M /
z T
g == S 93
Source: Rhode&Schwarz Direct Test Mode g -94
()]
V95
Sensitivity measurement 0 3 6 9 12 15 18 21 24 27 30 33 36 39
on a Nucleo-WB55 board ~ 2dB BLE Channel

K37 5 o v manatait > > momurness SR> S o rovs P pove oty )




Bluetooth receiver noise model

Signal power control + Ambient thermal noise

Ideal BLE signal + Rx chain noise factor
random bits BLE signal @ demodulated bits
1 Mb/s \\V4 2.45 GHz Y 1 Mb/s

S e
SWitC.hing Rx Sensitivity (fixed channel)
#\ SIMULINK noise ou R

0.12 }

max bit error rate

!
|

+ Rx Noise Transfer

Functions 0.08 |

Bit Error Rate [%]

Bits comparison : B.E.R. 0.02 |

-96  -95 -94 -93 -92 01 -90
Signal Power [dBm]
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Noise transfer function extraction

L7 5 ooz vove wenstomant > > wovvsens s> >
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TRANSFO LNA BALUN
COMprN ouT* . .
VDDrx AC simulation
" r\\"ﬂ\a SUBRx
J\ Vbras =—
RF; » . - = OUT
10 L INpxa
| VDD
SUBRrF W\ of ijx
RF) VDDrg VSSina /| B 10k ;’gg:};
VSSLna S% -20 -
} | } 3 : |
ouT* 5 | .
RF, » Hi(s) B> » Hs(s) H> Hio(s) > - E .
ouT i <
BEo —p %20 I VDDpx = Ho(®) > COMpry —p{Hu ()] 2 100M G | G
> Fréquence (Hz)
VSSEna —p Hs(s) fi> VBras —p Hr(s) 1 © SUBRx —*{Hiz2(s) i
VDD g —» Ha(s) VSSLna » Hg(s) H>
SUBRrp » Hg(s) H» V
22




Noise transfer function extraction

TRANSFO LNA BALUN
COM T+ ] ]
DDy BLN ou AC simulation
i SUBRrx

V| Varas =—

RFy = . . . . = OUT -
10 - INp A
- VDDpy
SUBRr fw" 0 Vpras
VSSina /) ol VSSiya
RFO VDDTR LNA /', 10 SUB.r
VSSpna -20 |-

Gain (dB)

ouT " 5 |

RF, > Hi(s) i » Hs(s) H»l s o) — - e |
ouT & i

RFO > HQ(S) —> 5 VDDRX > H@(S) H—>] COMBLN :Hll(S)'-P » lIUm\I I I 1 L L1 .1G | | | | ‘S‘G
Fré e (H
VSSrna b Hs(s) > Veias b Hi(s) H| & SUBRx H Hia(s) i réquence (Hz)
VDD 1R | Ha(s) VSSLna » Hg(s) H>
SUBRF > HQ(S) H> ?
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VDD INTEGRATED
VDDsups CIRCUIT
1 VDDsmps
3 *—<H e
VSSsmps
Vix
w] L
VDDsmps
I Vss }—<—° NeorrL
SMPS
ﬁ—u L VSSsups
. Vsmps: | v v
- BATT BATT
{1-- Vompse |
’ Vompss |
I Vsmps: VDDgx Vsmpse VDDrp
VSSLNA VSSLNA
VDDgp 1 - - [}— Vparr SUBpa VSSrxLDO
VDDgrx
+ p—
- » BIAS COMpLN
=z & \_I ouT *
[}? g SUBRrr
RFgsignarL @ 2 1 SUB
VBias T RX
' {1-- [t LNA oUT ~
RF;
f— SUBRF
1 [} VDDrpg
RFy 8
1 = 3
- R
TEEE
=~ o S
VSSLna

PRINTED
CIRCUIT
BOARD

exposed pad

i

GNDpcp

Tension (V)

Noise sources

Transient simulation

1.23 |-
1.215 -

1.2 F
1.185
117 -

LNA

530m
515m
500m

485m +
470m +

30m +
15m

0L
-15m

-30m +

30m
15m

0k
-16m +
-30m +

20m

100n 125m 150n 175n
Temps (s)

50n Ton

200n

225n
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Simulated noise impact on sensitivity

TRANSFO LNA BALUN
oUuT "
RF Hy(s) > » Hs(s) MHio(s)F>» [—> —
ouT
RF )\ Ha(s) | VDDpg x> He(s) > COMprN = Hu(s)[> X i
5 No noise
I Nois all
VSSina 1+ Hs(s) VBras —— H7(s) I X SUBRx 7—>H12(s) > 0.14 T:al;zfznojﬂy
I LNA only
VDD pp/— Hi(s) | VSSrna = Hs(s) > 0.12 ’ Balun only
SUBRF /—» Ho(s) | 01 \ | e bit etror rate]

 0.08 |

0.06

T

Bit Error Rate [%]

0.04

0.02 | \\/ S
0l - L OO

-96 -95 -94  -93 -92 -91 -90
Signal Power [dBm)|
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Conclusion & Summary I

Low-cost constraints
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Our technology
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© STMicroelectronics - All rights reserved.

ST logo is a trademark or a registered trademark of STMicroelectronics International NV or its affiliates in the EU and/or other countries. ‘
For additional information about ST trademarks, please refer to www.st.com/trademarks.

All other product or service names are the property of their respective owners.

life.augmented


http://www.st.com/trademarks

	Default Section
	Slide 1: Challenges for integration of Power Management solutions on STM32 µControllers
	Slide 2: Outline
	Slide 3: Introduction

	STM32 Power Management
	Slide 4: STM32 Power Management
	Slide 5: STM32 Family
	Slide 6: Typical content of STM32
	Slide 7: Voltage regulators

	Robustness & Reliability
	Slide 8: Reliability & Robustness
	Slide 9: Wide package family
	Slide 10: Low Voltage CMOS stress RELIABILITY
	Slide 11: Buck FSM ROBUSTNESS 
	Slide 12: Globally Asynchronous / Locally Synchronous FSM

	Low Power features
	Slide 13: Ultra Low Power features
	Slide 14: Power Modes FLEXIBILITY
	Slide 15: PCC Tool on STM32 CubeMX: Ease of Use!
	Slide 16: PCC Tool on STM32 CubeMX: Sequence results
	Slide 17: Impact of input voltage range on SMPS EFFICIENCY
	Slide 18: Constant Peak Current Control

	Power & Noise Integrity
	Slide 19: Noise Integrity
	Slide 20: SMPS noise impact on BLE transceiver
	Slide 21: Bluetooth receiver noise model
	Slide 22: Noise transfer function extraction
	Slide 23: Noise transfer function extraction
	Slide 24: Noise sources
	Slide 25: Simulated noise impact on sensitivity

	Conclusions & summary
	Slide 26: Conclusion & Summary
	Slide 27


