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Ultra Low Power MCU Families



Great Investment 4

9 product series / 32 product lines  / 600 P/N

Ultra-low-power

Mainstream

Cortex-M0
Cortex-M0+ Cortex-M3 Cortex-M4 Cortex-M7

High performance
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Completed the ultra-low-power family



Completed the ultra-low-power family

Cortex-M0+ @ 32 MHz
Operating range:

1.65 to 3.6V
8/16-bit applications

Numerous pin counts

3 product lines,
Cost-effective,

Smaller packages
USB, LCD, Analog

16 to 192 Kbytes of Flash
Up to 20 Kbytes of SRAM

Cost-smart
ULP Champion

Cortex-M3 @ 32 MHz
Operating range:

1.65 to 3.6V
Wide choice of 
memory sizes

3 product lines,
USB, LCD, AES,

Rich Analog
True EEPROM,

Dual bank Flash (RWW)
32 to 512 Kbytes of Flash
Up to 80 Kbytes of SRAM

Broad Range
Foundation

Cortex-M4 w/ FPU @ 80 MHz
Operating range:

1.71 to 3.6V
Advanced Peripheral 

Performance

3 product lines,
ADC 5 Msps, PGA, Compar., 

DAC, op amp, USB OTG, 
LCD, AES

256 Kbytes to 1 Mbyte of 
Flash

Up to 128 Kbytes of SRAM

ULP with 
performance

STM32L ULP offer 16
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• Low voltage 1.65 to 3.6V
• Dynamic voltage scaling
• 5 clock sources
• Advanced RTC w/ cal.
• Multiple USART, SPI, I²C
• 16- and 32-bit timers
• - 40 to 85 °C oper. temp.

Up to 105 °C in LP Modes
• 2 watchdogs
• Brown-out Reset
• Programmable voltage 

detector (PVD)
• DMA
• Reset circuitry POR/PDR 
• 12-bit ADC 1 MSPS
• 12-bit DAC

Product
line

Flash 
memor

y
(KB)

RAM
(KB)

EEPRO
M

(KB)

Memory
I/F

Op 
amp

s
Comp.

Temp.
sensor

Capacitive
touch

Segment 
LCD

driver

128-bit 
AES

STM32L100 
Value line

32
to

256

4
to
16

2 - - - - -
Up to
8x28
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STM32L151
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Up to 8x40

STM32L162
256
to

512

32
to
80

8
to
16

SDIO
FSMC

� � � � Up to 8x40 �

STM32L1 – Market proven solution 7

STM32L1 Ultra-low-power
• ARM® Cortex® -M3 at 32 MHz – 33 DMIPS
• Dynamic run mode: down to 177 µA/MHz
• Stop with Full RAM retention 435 nA (1.3 µA with RTC)
• Standby mode + RTC: 900 nA with backup registers 
• Standby mode: 280 nA with backup registers
• Dual-bank Flash memory and True embedded EEPROM
• Operates at up to 105 °C

www.st.com/stm32l1

103

93

STM32L1 Product lines



STM32L0 Ultra-low-power
• ARM® Cortex® -M0+ at 32 MHz
• Dynamic run mode down to 87 µA/MHz
• Stop mode with RAM + LTC (low-power time clock): 440 nA 
• Wakeup: 3.5 µs (RAM) / 5 µs (Flash memory)
• 12/16-bit ADC: 1 MSPS – 240 µA – 1.65 V capable
• Unique ID / 128-bit AES / Flash Proprietary Stack protection
• Operates at up to 125 °C

www.st.com/stm32l0

161

75

STM32L0 – Entry level solution 8

STM32L0 Product lines

Note 1: Low-power peripherals available in ultra-low-power modes
Note 2 : Read while write from flash to EEPROM



STM32L05* - power consumption 9

139 µA/MHz1

Dhrystone (32MHz)

87 µA/MHz
While{1} (4MHz)

4.7 µA

22 µA
Flash

8.5 µA
RAM 2804 nA

RTC:+400nA

4152 nA
RTC:+400nA
LTC:+40nA

Dynamic Run
from Flash memory

Low-Power Run
@ 32 KHz

Low-Power Sleep
@ 32 KHz

StandbyStop
(Full RAM)

Typical at 25 °C

• Wake up time

• 5µs (flash)

• 3.5 µs (ram)  • 50µs

1. Dhrystone power consumption value executed from Flash (Prefetch off) with VDD=3.3V
2. STOP mode consumption with Full Ram data retention (RTC value given with LSE low-drive using  32,768kHz crystal)
3. LTC: Low-power Time Counter @ 100Hz with external  oscillator (LSE)
4. STANDBY mode consumption with 20Byte of backup register and Power supply monitori ng



STM32L4 – Performance solution 10
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• ART Accelerator™
• USART, SPI, I²C
• QuadSPI
• 16- and 32-bit timers
• SAI + audio PLL
• SWP
• 1x CAN

• 2x 12-bit DAC
• Temperature sensor

• Low voltage 
1.71 to 3.6 V

• VBAT mode
• Unique ID
• Capacitive touch 

sensing

Product 
line

Flash 
memor

y
(KB)

RAM
(KB)

Memory
I/F

2 x Op 
amps

2 x 
Comp.

4x / 8ch
Sigma 
Delta 

Interface

5 MSPS,
12- bit ADC
16-bit HW 

over 
sampling

USB 2.0 
OTG FS

Segment 
LCD

Driver

128/    
256-bit

AES

STM32L471
Access

512
to

1024
128

SDIO
FSMC

� � � 3

STM32L475
USB OTG

256
to

1024
128

SDIO
FSMC

� � � 3 �

STM32L476
USB OTG & 

LCD

256
to

1024
128

SDIO
FSMC

� � � 3 �
Up to
8x40

STM32L486
USB OTG &
LCD  & AES

1024 128
SDIO
FSMC

� � � 3 �
Up to
8x40

�

STM32L4 Product lines

www.st.com/stm32l4

STM32L4 Ultra-low-power
• ARM® Cortex® -M4 at 80 MHz with DSP + FPU – 100 DMIPS
• Dynamic run mode at 100 µA/MHz
• Down to 600 nA with 32 kHz RTC + 32 Kbytes of  RAM + I/Os
• Down to 265 nA with 32 kHz RTC or 44 nA without RTC
• 12/16-bit ADC with 5 MSPS – 240 µA – 1.65 V capable
• Operates at up to 125 °C

204

273



STM32L4 - power consumption 11

Wakeup time to Run at 80 MHz
From Stop-2: 9 µs  (4 µs from RAM)
From Standby: 20 µs
From Shutdown: 270 µs

102 µA/MHz 
Range 1

Up to 80 MHz

84 µA/MHz
Range 2

Up to 26 MHz

200 nA/
450 nA

1.0 µA/
1.28 µA

8 nA/
200 nA

28 nA/
280 nA

Dynamic Run
from Flash memory

Stop-2
with or w/out RTC

Standby + 32 Kbytes of 
RAM

with or w/out RTC

Shutdown 
with or w/out RTC

Standby 
with or w/out RTC

Typical at 25 °C



Ecosystem – STM32CubeMX 12

• STM32CubeMX offers the Power Consumption Calculator tab, 
which, given a microcontroller, a battery model and a user-defined 
power sequence.

• Provides the following results :
• Average current consumption

• Battery life

• Average DMIPs

• Max. ambient temperature(TAMAX)

Power Consumption Calculator

www.st.com/stm32cubemx



Power Management



STM32 Low Power modes

• The STM32 features a variety of low power modes
• LPRUN

• SLEEP and LPSLEEP

• STOP

• STANDBY

• SHUTDOWN

• STM32F4 vs STM32L0 vs STM32L4 : Low power modes

14

Low
Power 
Mode

STM32F4 STM32L0 STM32L4
- LPRUN LPRUN

SLEEP SLEEP SLEEP

- LPSLEEP LPSLEEP

STOP STOP

STOP0

STOP1

STOP2

STANDBY STANDBY STANDBY

- - SHUTDOWN

VBAT - VBAT



STM32L4 Low Power modes 15

STM32L4 low power modes summary
Mode Regulator CPU Flash SRAM Clocks

Peripherals
In Bold : wakeup source

Run
R1

Yes ON(1) ON Any All
R2

LPRun LPR Yes ON(1) ON
Any 

except PLL
All except 

OTG, SDMMC, RNG

Sleep
R1

No ON(1) ON(2) Any
All

Any IT or eventR2

LPSleep LPR No ON(1) ON(2)
Any 

except PLL

All except 
OTG, SDMMC, RNG

Any IT or event

Stop 0
R1

No OFF ON LSE/LSI

Reset pin, all I/Os
BOR,PVD,PVM,RTC,LCD,IWDG,

COMPx,DACx,OPAMPx,USARTx,
LPUART,I2Cx,LPTIMx,OTG_FS, SWPMIR2

Stop 1 LPR No OFF ON LSE/LSI

Reset pin, all I/Os
BOR,PVD,PVM,RTC,LCD,IWDG,

COMPx,DACx,OPAMPx,USARTx,
LPUART,I2Cx,LPTIMx,OTG_FS, SWPMI

Stop 2 LPR No OFF ON LSE/LSI
Reset pin, all I/Os

BOR,PVD,PVM,RTC,LCD,IWDG,
COMPx,LPUART,I2C3,LPTIM1

Standby
LPR

DOWN OFF
SRAM2 ON

LSE/LSI
Reset pin, 5 WKUPx pins

BOR, RTC, IWDGOFF DOWN

Shutdown OFF DOWN OFF DOWN LSE
Reset pin, 5 WKUPx pins

RTC

1. Can be put in power-down and clock can be gated off
2. SRAM can be gated off independently



Implementation of Low Power Mode 16

Initializes 
the flash interface and systick

Configure 
the system clock

Configure 
the GPIOs

Check RTC 
backup register

Configure 
the system power

Enter LPRUN mode

Exit LPRUN mode

Enter LPSleep mode

Exit LPSleep mode

Enter Stop mode 1

Exit Stop mode 1

Enter Stop mode 2

Exit Stop mode 2

Enter Shutdown mode

Exit Shutdown mode

RESET

How to initialize STM32L4



Implementation of Low Power Mode 17

Initializes 
the flash interface and systick

Configure 
the system clock

Configure 
the GPIOs

Check RTC 
backup register

Configure 
the system power

Enter LPRUN mode

Exit LPRUN mode

Enter LPSleep mode

Exit LPSleep mode

Enter Stop mode 1

Exit Stop mode 1

Enter Stop mode 2

Exit Stop mode 2

Enter Shutdown mode

Exit Shutdown mode

RESET

How to initialize STM32L4



Implementation of Low Power Mode 18

Initializes 
the flash interface and systick

Configure 
the system clock

Configure 
the GPIOs

Check RTC 
backup register

Configure 
the system power

Enter LPRUN mode

Exit LPRUN mode

Enter LPSleep mode

Exit LPSleep mode

Enter Stop mode 1

Exit Stop mode 1

Enter Stop mode 2

Exit Stop mode 2

Enter Shutdown mode

Exit Shutdown mode

RESET

How to initialize STM32L4



Implementation of Low Power Mode 19

Initializes 
the flash interface and systick

Configure 
the system clock

Configure 
the GPIOs
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backup register

Configure 
the system power

Enter LPRUN mode

Exit LPRUN mode
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Exit LPSleep mode

Enter Stop mode 1

Exit Stop mode 1

Enter Stop mode 2
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Enter Shutdown mode

Exit Shutdown mode

RESET

How to initialize STM32L4



Implementation of Low Power Mode 20

Low Power Run Mode (LPRun mode)

Initializes 
the flash interface and systick

Configure 
the system clock

Configure 
the GPIOs

Check RTC 
backup register

Configure 
the system power

Enter LPRUN mode

Exit LPRUN mode

Enter LPSleep mode

Exit LPSleep mode

Enter Stop mode 1

Exit Stop mode 1

Enter Stop mode 2

Exit Stop mode 2

Enter Shutdown mode

Exit Shutdown mode

RESET



Implementation of Low Power Mode 21

Low Power Run Mode (LPRun mode)
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the flash interface and systick
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backup register
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Enter LPRUN mode

Exit LPRUN mode
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Exit Stop mode 2

Enter Shutdown mode

Exit Shutdown mode

RESET



Implementation of Low Power Mode 22

Low Power Run Mode (LPRun mode)
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RESET



Implementation of Low Power Mode 23

Low Power Run Mode (LPRun mode)
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Implementation of Low Power Mode 24
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Implementation of Low Power Mode 25
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Implementation of Low Power Mode 26

Low Power Run Mode (LPRun mode)
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Implementation of Low Power Mode 27

Low Power Sleep Mode (LPSleep Mode)
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RESET



Implementation of Low Power Mode 28
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Implementation of Low Power Mode 29
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Implementation of Low Power Mode 30
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Implementation of Low Power Mode 35

STOP1 Mode
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RESET
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Use Case 51

Block Diagram                                             Flow Chart

ADC 
Temperature Sensor

ADC 
Temperature Sensor

RTC
Wakeup 
Source

RTC
Wakeup 
Source

USART2USART2

Get ADC1 value from internal TS (Channel 17)

Calculate the actual temperature(°C)

STOP2 Mode STOP2 Mode

Calculate the 
average value

Store the ADC value 
into buffer

Count >=10

YES NO

Wakeup by RTC Wakeup by RTC

Transmit the result 
through USART2

Set RTC Wakeup 
Time (1 sec)

Set RTC Wakeup 
Time (10 msec)



Use Case 52

Step 1. Get ADC value

Get ADC1 value from internal TS (Channel 17)

Calculate the actual temperature(°C)

STOP2 Mode STOP2 Mode

Calculate the 
average value

Store the ADC value 
into buffer

Count >=10

YES NO

Wakeup by RTC Wakeup by RTC

Transmit the result 
through USART2

Set RTC Wakeup 
Time (1 sec)

Set RTC Wakeup 
Time (10 msec)



Use Case 53

Step 2. Calculate the actual temperature & Store the ADC value

Get ADC1 value from internal TS (Channel 17)

Calculate the actual temperature(°C)

STOP2 Mode STOP2 Mode

Calculate the 
average value

Store the ADC value 
into buffer

Count >=10

YES NO

Wakeup by RTC Wakeup by RTC

Transmit the result 
through USART2

Set RTC Wakeup 
Time (1 sec)

Set RTC Wakeup 
Time (10 msec)



Use Case 54

Step 3. Check ADC count & Transmit a result through USART

Get ADC1 value from internal TS (Channel 17)

Calculate the actual temperature(°C)

STOP2 Mode STOP2 Mode

Calculate the 
average value

Store the ADC value 
into buffer

Count >=10

YES NO

Wakeup by RTC Wakeup by RTC

Transmit a result 
through USART2

Set RTC Wakeup 
Time (1 sec)

Set RTC Wakeup 
Time (10 msec)



Use Case 55

Step 4. Set RTC wakeup time & Enter Stop mode

Get ADC1 value from internal TS (Channel 17)

Calculate the actual temperature(°C)

STOP2 Mode STOP2 Mode

Calculate the 
average value

Store the ADC value 
into buffer

Count >=10

YES NO

Wakeup by RTC Wakeup by RTC

Transmit the result 
through USART2

Set RTC Wakeup 
Time (1 sec)

Set RTC Wakeup 
Time (10 msec)



Use Case 56

• Power Consumption Simulation using STM32CubeMX 

Average Consumption 
: 55.62 �A



Use Case 57

Using Stop mode periodically VS Using Run mode only 

Average Consumption : 
55.62 �A

Average Consumption :  
3330 �A

98.32% 
감소



Low Power Peripherals



Batch Acquisition mode (BAM) 59

• Optimized mode for transferring data with communication peripherals, 
while the rest of the device is in low power.

• The BAM feature allows to keep some communication interface (I2C, 
SPI,…) active while in Sleep mode (CPU clock not working).

1. Only the needed communication peripheral + 1 DMA + 1 SRAM (SRAM1 or 
SRAM2) are configured with clock enable in Sleep mode

2. Flash is put in power-down mode and Flash clock is gated off during Sleep

3. Enter either Sleep or Low-power sleep mode

� Note that I2C clock can be at 16 MHz even in low-power sleep mode, allowing 1 MHz Fast-
mode Plus support. U(S)ART/LPUART clock can also be HSI.

Feature summary



Low Power Timer - LPTIM 60

Features Summary

• Asynchronous running capability

• Ultra low power-consumption

• Timeout function for wakeup from 
low power modes



Low Power UART - LPUART 61

• LPUART includes all necessary hardware support to make
asynchronous serial communications possible with minimum power 
consumption.

• Only LSE 32.768 is required to allow UART communication at up to 
9600 baud � For this purpose, the baudrate generation has been 
changed comparing to the USART peripheral.

• Higher baudrates can be reached when the LPUART is clocked by 
clock sources different from the LSE clock.

• Baudrate generation and Implementation are summarized in the next
slides.

LPUART Features



USB – Link Power Management 62

• LPM is a new  power-saving state called “Sleep”, with fast entry and 
exit times, compared to traditional “Suspend” mode.

• Benefits : Power consumption optimization across both the host and 
USB devices while idle, and extend battery life of hand-held 
applications. 

USB-LPM

Entry : ~ 3 ms
Exist : > 20 ms (Resume signaling) 
+ 10 ms (Resume recovery)

Entry : ~ 10 �s
Exit : > 70 �s to 1 ms (host-specific)

The existing suspend/resume 
mechanisms have been proven 
to be inadequate for current 
and future generation mobile 
platforms. The bus-imposed 
resume latencies are so long 
that the mechanism doesn’t 
support response times that 
are useful in many 
applications, especially in 
hand-held platforms
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