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"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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3.23.4 Low-power timer (LPTIM1 and LPTIM2)

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

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

LPTIM2 is active in Stop 0 and Stop 1 mode.

This low-power timer supports the following features:

• 16-bit up counter with 16-bit autoreload register

• 16-bit compare register

• Configurable output: pulse, PWM

• Continuous/ one shot mode

• Selectable software/hardware input trigger

• Selectable clock source

– Internal clock sources: LSE, LSI, HSI16 or APB clock

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

• Programmable digital glitch filter

• Encoder mode (LPTIM1 only)

3.23.5 Infrared interface (IRTIM)

The STM32L452xx includes one infrared interface (IRTIM). It can be used with an infrared 
LED to perform remote control functions. It uses TIM15 and TIM16 output channels to 
generate output signal waveforms on IR_OUT pin.

3.23.6 Independent watchdog (IWDG)

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

3.23.7 System window watchdog (WWDG)

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

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

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

• Start bit detection

• Any received data frame

• A specific programmed data frame

Only a 32.768 kHz clock (LSE) is needed to allow LPUART communication up to 9600 
baud. Therefore, even in Stop mode, the LPUART can wait for an incoming frame while 
having an extremely low energy consumption. Higher speed clock can be used to reach 
higher baudrates.

LPUART interface can be served by the DMA controller.
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3.30 Controller area network (CAN)

The CAN is compliant with specifications 2.0A and B (active) with a bit rate up to 1 Mbit/s. It 
can receive and transmit standard frames with 11-bit identifiers as well as extended frames 
with 29-bit identifiers. It has three transmit mailboxes, two receive FIFOs with 3 stages and 
14 scalable filter banks. 

The CAN peripheral supports:

• Supports CAN protocol version 2.0 A, B Active 

• Bit rates up to 1 Mbit/s

• Transmission

– Three transmit mailboxes

– Configurable transmit priority

• Reception

– Two receive FIFOs with three stages

– 14 Scalable filter banks

– Identifier list feature

– Configurable FIFO overrun

• Time-triggered communication option

– Disable automatic retransmission mode

– 16-bit free running timer

– Time Stamp sent in last two data bytes

• Management

– Maskable interrupts

– Software-efficient mailbox mapping at a unique address space

3.31 Secure digital input/output and MultiMediaCards Interface 
(SDMMC)

The card host interface (SDMMC) provides an interface between the APB peripheral bus 
and MultiMediaCards (MMCs), SD memory cards and SDIO cards.

Table 14. SAI implementation 

SAI features Support(1)

1. X: supported

I2S, LSB or MSB-justified, PCM/DSP, TDM, AC’97 X

Mute mode X

Stereo/Mono audio frame capability. X

16 slots X

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

FIFO Size X (8 Word)

SPDIF X
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21 H4 29 28 G7 47 L10 PB10 I/O FT_f -

TIM2_CH3, I2C4_SCL, 
I2C2_SCL, SPI2_SCK, 

USART3_TX, 
LPUART1_RX, 
TSC_SYNC, 

QUADSPI_CLK, 
COMP1_OUT, 
SAI1_SCK_A, 
EVENTOUT

-

22 H3 30 29 H7 48 L11 PB11 I/O FT_f -

TIM2_CH4, I2C4_SDA, 
I2C2_SDA, USART3_RX, 

LPUART1_TX, 
QUADSPI_BK1_NCS, 

COMP2_OUT, 
EVENTOUT

-

- - - 30 - - - VDD12 S - - - -

23 H2 31 31 D6 49 F12 VSS S - - - -

24 H1 32 32 E6 50 G12 VDD S - - - -

25 G3 33 33 H8 51 L12 PB12 I/O FT -

TIM1_BKIN, 
TIM1_BKIN_COMP2, 

I2C2_SMBA, SPI2_NSS, 
DFSDM1_DATIN1, 

USART3_CK, 
LPUART1_RTS_DE, 

TSC_G1_IO1, CAN1_RX, 
SAI1_FS_A, 
TIM15_BKIN, 
EVENTOUT

-

26 G2 34 34 G8 52 K12 PB13 I/O FT_f -

TIM1_CH1N, I2C2_SCL, 
SPI2_SCK, 

DFSDM1_CKIN1, 
USART3_CTS, 
LPUART1_CTS, 

TSC_G1_IO2, CAN1_TX, 
SAI1_SCK_A, 
TIM15_CH1N, 
EVENTOUT

-

27 G1 35 35 F8 53 K11 PB14 I/O FT_f -

TIM1_CH2N, I2C2_SDA, 
SPI2_MISO, 

DFSDM1_DATIN2, 
USART3_RTS_DE, 

TSC_G1_IO3, 
SAI1_MCLK_A, 

TIM15_CH1, EVENTOUT

-

Table 16. STM32L452xx pin definitions (continued)
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- - - - - 84 B8 PD3 I/O FT -

SPI2_MISO, 
DFSDM1_DATIN0, 

USART2_CTS, 
QUADSPI_BK2_NCS, 

EVENTOUT

-

- - - - - 85 B7 PD4 I/O FT -

SPI2_MOSI, 
DFSDM1_CKIN0, 

USART2_RTS_DE, 
QUADSPI_BK2_IO0, 

EVENTOUT

-

- - - - - 86 A6 PD5 I/O FT -
USART2_TX, 

QUADSPI_BK2_IO1, 
EVENTOUT

-

- - - - - 87 B6 PD6 I/O FT -

DFSDM1_DATIN1, 
USART2_RX, 

QUADSPI_BK2_IO2, 
SAI1_SD_A, EVENTOUT

-

- - - - - 88 A5 PD7 I/O FT -

DFSDM1_CKIN1, 
USART2_CK, 

QUADSPI_BK2_IO3, 
EVENTOUT

-

39 B4 55 54 A5 89 A8

PB3 
(JTDO/
TRACE
SWO)

I/O FT_a (3)

JTDO/TRACESWO, 
TIM2_CH2, SPI1_SCK, 

SPI3_SCK, 
USART1_RTS_DE, 

SAI1_SCK_B, 
EVENTOUT

COMP2_INM

40 A4 56 55 A4 90 A7
PB4 

(NJTRST)
I/O FT_fa (3)

NJTRST, TIM3_CH1, 
I2C3_SDA, SPI1_MISO, 

SPI3_MISO, 
USART1_CTS, 
TSC_G2_IO1, 

SAI1_MCLK_B, 
EVENTOUT

COMP2_INP

41 C5 57 56 C4 91 C5 PB5 I/O FT -

LPTIM1_IN1, TIM3_CH2, 
CAN1_RX, I2C1_SMBA, 
SPI1_MOSI, SPI3_MOSI, 

USART1_CK, 
TSC_G2_IO2, 
COMP2_OUT, 
SAI1_SD_B, 
TIM16_BKIN, 
EVENTOUT

-

Table 16. STM32L452xx pin definitions (continued)
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Port D

PD0 - CAN1_RX - - - - - EVENTOUT

PD1 - CAN1_TX - - - - - EVENTOUT

PD2 - TSC_SYNC - -
SDMMC1_

CMD
- - EVENTOUT

PD3 - -
QUADSPI_
BK2_NCS

- - - - EVENTOUT

PD4 - -
QUADSPI_
BK2_IO0

- - - - EVENTOUT

PD5 - -
QUADSPI_
BK2_IO1

- - - - EVENTOUT

PD6 - -
QUADSPI_
BK2_IO2

- - SAI1_SD_A - EVENTOUT

PD7 - -
QUADSPI_
BK2_IO3

- - - - EVENTOUT

PD8 - - - - - - - EVENTOUT

PD9 - - - - - - - EVENTOUT

PD10 - TSC_G6_IO1 - - - - - EVENTOUT

PD11 - TSC_G6_IO2 - - - - LPTIM2_ETR EVENTOUT

PD12 - TSC_G6_IO3 - - - - LPTIM2_IN1 EVENTOUT

PD13 - TSC_G6_IO4 - - - - LPTIM2_OUT EVENTOUT

PD14 - - - - - - - EVENTOUT

PD15 - - - - - - - EVENTOUT

Table 18. Alternate function AF8 to AF15(1) (continued)

Port

AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15

UART4/
LPUART1/

CAN1
CAN1/TSC

CAN1/USB/
QUADSPI

-
SDMMC1/
COMP1/
COMP2

SAI1
TIM2/TIM15/

TIM16/LPTIM2
EVENTOUT
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APB1

0x4000 3000 - 0x4000 33FF 1 KB IWDG

0x4000 2C00 - 0x4000 2FFF 1 KB WWDG

0x4000 2800 - 0x4000 2BFF 1 KB RTC 

0x4000 1400 - 0x4000 27FF 5 KB Reserved

0x4000 1000 - 0x4000 13FF 1 KB TIM6

0x4000 0800- 0x4000 0FFF 2 KB Reserved

0x4000 0400 - 0x4000 07FF 1 KB TIM3

0x4000 0000 - 0x4000 03FF 1 KB TIM2

1. The gray color is used for reserved boundary addresses.

Table 19. STM32L452xx memory map and peripheral register boundary addresses(1)

 (continued)

Bus Boundary address Size(bytes) Peripheral
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6.3.2 Operating conditions at power-up / power-down

The parameters given in Table 24 are derived from tests performed under the ambient 
temperature condition summarized in Table 23.

          

The requirements for power-up/down sequence specified in Section 3.9.1: Power supply 
schemes must be respected.

6.3.3 Embedded reset and power control block characteristics

The parameters given in Table 25 are derived from tests performed under the ambient 
temperature conditions summarized in Table 23: General operating conditions.

           

TA 

Ambient temperature for the 
suffix 6 version

Maximum power dissipation –40 85

°C
Low-power dissipation(5) –40 105

Ambient temperature for the 
suffix 3 version

Maximum power dissipation –40 125

Low-power dissipation(5) –40 130

TJ Junction temperature range
Suffix 6 version –40 105

°C
Suffix 3 version –40 130

1. When RESET is released functionality is guaranteed down to VBOR0 Min.

2. This formula has to be applied only on the power supplies related to the IO structure described by the pin definition table. 
Maximum I/O input voltage is the smallest value between Min(VDD, VDDA, VDDUSB)+3.6 V and 5.5V.

3. For operation with voltage higher than Min (VDD, VDDA, VDDUSB) +0.3 V, the internal Pull-up and Pull-Down resistors must 
be disabled.

4. If TA is lower, higher PD values are allowed as long as TJ does not exceed TJmax (see Section 7.7: Thermal characteristics).

5. In low-power dissipation state, TA can be extended to this range as long as TJ does not exceed TJmax (see Section 7.7: 
Thermal characteristics).

Table 23. General operating conditions (continued)

Symbol Parameter  Conditions Min Max Unit

Table 24. Operating conditions at power-up / power-down 

Symbol Parameter Conditions Min Max Unit

tVDD

VDD rise time rate
-

0 ∞
µs/V

VDD fall time rate 10 ∞

tVDDA

VDDA rise time rate
-

0 ∞
µs/V

VDDA fall time rate 10 ∞

tVDDUSB

VDDUSB rise time rate
-

0 ∞
µs/V

VDDUSB fall time rate 10 ∞

Table 25. Embedded reset and power control block characteristics 

Symbol Parameter Conditions(1) Min Typ Max Unit

tRSTTEMPO
(2) Reset temporization after 

BOR0 is detected
VDD rising - 250 400 μs
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Table 28. Current consumption in Run modes, code with data processing running from Flash,
ART enable (Cache ON Prefetch OFF) and power supplied by external SMPS

(VDD12 = 1.10 V) 

Symbol Parameter
Conditions(1) TYP

Unit
- fHCLK 25 °C 55 °C 85 °C 105 °C 125 °C

IDD_ALL(Run)
Supply current in Run 

mode

fHCLK = fHSE up to 48MHz included, bypass mode  
PLL ON above 
48 MHz all peripherals disable

80 MHz 3.04 3.06 3.11 3.20 3.33

mA

72 MHz 2.75 2.77 2.82 2.89 3.04

64 MHz 2.44 2.46 2.52 2.59 2.73

48 MHz 1.83 1.85 1.89 1.96 2.10

32 MHz 1.24 1.26 1.29 1.37 1.51

24 MHz 0.93 0.95 1.01 1.06 1.20

16 MHz 0.65 0.67 0.70 0.77 0.90

8 MHz 0.35 0.36 0.41 0.47 0.63

4 MHz 0.20 0.21 0.26 0.33 0.47

2 MHz 0.13 0.14 0.18 0.25 0.39

1 MHz 0.09 0.10 0.14 0.21 0.36

100 kHz 0.06 0.07 0.11 0.18 0.32

1. All values are obtained by calculation based on measurements done without SMPS and using following parameters: SMPS input = 3.3 V, SMPS efficiency = 85%,  
VDD12 = 1.10 V
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Table 29. Current consumption in Run and Low-power run modes, code with data processing
running from Flash, ART disable 

Symbol Parameter

Conditions TYP MAX(1)

Unit
-

Voltage 
scaling

fHCLK 25 °C 55 °C 85 °C 105 °C 125 °C 25 °C 55 °C 85 °C 105 °C 125 °C

IDD_ALL
(Run)

Supply 
current in 
Run mode

fHCLK = fHSE up to 
48MHz included, 
bypass mode  
PLL ON above 
48 MHz all 
peripherals disable

Range 2

26 MHz 2.75 2.80 2.90 3.10 3.40 3.15 3.25 3.40 3.70 4.30

mA

16 MHz 1.95 2.00 2.10 2.25 2.60 2.25 2.30 2.50 2.75 3.35

8 MHz 1.10 1.15 1.25 1.40 1.75 1.25 1.35 1.50 1.75 2.35

4 MHz 0.640 0.670 0.765 0.935 1.25 0.75 0.80 0.95 1.25 1.80

2 MHz 0.380 0.405 0.505 0.670 1.00 0.45 0.50 0.65 0.95 1.50

1 MHz 0.250 0.275 0.375 0.540 0.865 0.30 0.35 0.50 0.80 1.35

100 kHz 0.135 0.160 0.255 0.420 0.750 0.15 0.25 0.40 0.65 1.25

Range 1

80 MHz 8.85 8.90 9.05 9.30 9.70 10.0 10.5 10.5 11.0 11.5

72 MHz 8.00 8.05 8.20 8.40 8.85 9.05 9.15 9.35 9.70 10.5

64 MHz 7.90 7.95 8.10 8.35 8.75 8.95 9.10 9.35 9.70 10.5

48 MHz 6.60 6.65 6.80 7.05 7.45 7.55 7.65 7.90 8.30 9.00

32 MHz 4.75 4.80 4.95 5.15 5.55 5.40 5.50 5.75 6.10 6.80

24 MHz 3.60 3.65 3.80 4.00 4.35 4.10 4.20 4.40 4.75 5.40

16 MHz 2.60 2.65 2.75 2.95 3.35 3.00 3.05 3.25 3.60 4.25

IDD_ALL
(LPRun)

Supply 
current in 

Low-power 
run

fHCLK = fMSI  
all peripherals disable

2 MHz 340 360 470 650 1000 400 455 575 880 1550

µA
1 MHz 175 215 320 500 855 225 285 420 720 1350

400 kHz 89.5 120 225 405 760 130 185 340 620 1250

100 kHz 42.5 75.5 180 360 715 75 145 320 575 1200

1. Guaranteed by characterization results, unless otherwise specified.
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6.3.8 Internal clock source characteristics

The parameters given in Table 59 are derived from tests performed under ambient 
temperature and supply voltage conditions summarized in Table 23: General operating 
conditions. The provided curves are characterization results, not tested in production.

High-speed internal (HSI16) RC oscillator

          

Table 59. HSI16 oscillator characteristics(1) 

Symbol Parameter Conditions Min Typ Max Unit

fHSI16 HSI16 Frequency VDD=3.0 V, TA=30 °C 15.88 - 16.08 MHz

TRIM HSI16 user trimming step

Trimming code is not a 
multiple of 64

0.2 0.3 0.4

%
Trimming code is a 
multiple of 64

-4 -6 -8

DuCy(HSI16)(2) Duty Cycle - 45 - 55 %

∆Temp(HSI16)
HSI16 oscillator frequency 
drift over temperature

TA= 0 to 85 °C -1 - 1 %

TA= -40 to 125 °C -2 - 1.5 %

∆VDD(HSI16)
HSI16 oscillator frequency 
drift over VDD

VDD=1.62 V to 3.6 V -0.1 - 0.05 %

tsu(HSI16)(2) HSI16 oscillator start-up 
time

- - 0.8 1.2 μs

tstab(HSI16)(2) HSI16 oscillator 
stabilization time

- - 3 5 μs

IDD(HSI16)(2) HSI16 oscillator power 
consumption

- - 155 190 μA

1. Guaranteed by characterization results.

2. Guaranteed by design.
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Figure 23. HSI16 frequency versus temperature
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In the user application, the number of I/O pins which can drive current must be limited to 
respect the absolute maximum rating specified in Section 6.2:

• The sum of the currents sourced by all the I/Os on VDDIOx, plus the maximum 
consumption of the MCU sourced on VDD, cannot exceed the absolute maximum rating 
ΣIVDD (see Table 20: Voltage characteristics).

• The sum of the currents sunk by all the I/Os on VSS, plus the maximum consumption of 
the MCU sunk on VSS, cannot exceed the absolute maximum rating ΣIVSS (see 
Table 20: Voltage characteristics). 

Output voltage levels

Unless otherwise specified, the parameters given in the table below are derived from tests 
performed under the ambient temperature and supply voltage conditions summarized in 
Table 23: General operating conditions. All I/Os are CMOS- and TTL-compliant (FT OR TT 
unless otherwise specified).

          

Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Figure 27 and 
Table 73, respectively.

Table 72. Output voltage characteristics(1) 

Symbol Parameter Conditions Min Max Unit

VOL Output low level voltage for an I/O pin CMOS port(2)  
|IIO| = 8 mA 
VDDIOx ≥ 2.7 V

- 0.4

V

VOH Output high level voltage for an I/O pin VDDIOx-0.4 -

VOL
(3) Output low level voltage for an I/O pin TTL port(2)  

|IIO| = 8 mA 
VDDIOx ≥ 2.7 V

- 0.4

VOH
(3) Output high level voltage for an I/O pin 2.4 -

VOL
(3) Output low level voltage for an I/O pin |IIO| = 20 mA 

VDDIOx ≥ 2.7 V

- 1.3

VOH
(3) Output high level voltage for an I/O pin VDDIOx-1.3 -

VOL
(3) Output low level voltage for an I/O pin |IIO| = 4 mA 

VDDIOx ≥ 1.62 V

- 0.45

VOH
(3) Output high level voltage for an I/O pin VDDIOx-0.45 -

VOL
(3) Output low level voltage for an I/O pin |IIO| = 2 mA 

1.62 V ≥ VDDIOx ≥ 1.08 V

- 0.35ₓVDDIOx

VOH
(3) Output high level voltage for an I/O pin 0.65ₓVDDIOx -

VOLFM+
(3)

Output low level voltage for an FT I/O 
pin in FM+ mode (FT I/O with "f" 
option)

|IIO| = 20 mA 
VDDIOx ≥ 2.7 V

- 0.4

|IIO| = 10 mA 
VDDIOx ≥ 1.62 V

- 0.4

|IIO| = 2 mA 
1.62 V ≥ VDDIOx ≥ 1.08 V

- 0.4

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

2. TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.

3. Guaranteed by design.



Electrical characteristics STM32L452xx

154/212 DS11912 Rev 4

          

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

Sym-
bol

Parameter Conditions(4) Min Typ Max Unit

ET
Total 
unadjusted 
error

ADC clock frequency ≤ 
80 MHz,

Sampling rate ≤ 5.33 Msps,

VDDA = VREF+ = 3 V,

TA = 25 °C

Single 
ended

Fast channel (max speed) - 4 5

LSB

Slow channel (max speed) - 4 5

Differential
Fast channel (max speed) - 3.5 4.5

Slow channel (max speed) - 3.5 4.5

EO
Offset 
error

Single 
ended

Fast channel (max speed) - 1 2.5

Slow channel (max speed) - 1 2.5

Differential
Fast channel (max speed) - 1.5 2.5

Slow channel (max speed) - 1.5 2.5

EG Gain error

Single 
ended

Fast channel (max speed) - 2.5 4.5

Slow channel (max speed) - 2.5 4.5

Differential
Fast channel (max speed) - 2.5 3.5

Slow channel (max speed) - 2.5 3.5

ED
Differential 
linearity 
error

Single 
ended

Fast channel (max speed) - 1 1.5

Slow channel (max speed) - 1 1.5

Differential
Fast channel (max speed) - 1 1.2

Slow channel (max speed) - 1 1.2

EL
Integral 
linearity 
error

Single 
ended

Fast channel (max speed) - 1.5 2.5

Slow channel (max speed) - 1.5 2.5

Differential
Fast channel (max speed) - 1 2

Slow channel (max speed) - 1 2

ENOB
Effective 
number of 
bits

Single 
ended

Fast channel (max speed) 10.4 10.5 -

bits
Slow channel (max speed) 10.4 10.5 -

Differential
Fast channel (max speed) 10.8 10.9 -

Slow channel (max speed) 10.8 10.9 -

SINAD

Signal-to-
noise and 
distortion 
ratio

Single 
ended

Fast channel (max speed) 64.4 65 -

dB

Slow channel (max speed) 64.4 65 -

Differential
Fast channel (max speed) 66.8 67.4 -

Slow channel (max speed) 66.8 67.4 -

SNR
Signal-to-
noise ratio

Single 
ended

Fast channel (max speed) 65 66 -

Slow channel (max speed) 65 66 -

Differential
Fast channel (max speed) 67 68 -

Slow channel (max speed) 67 68 -
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6.3.21 Comparator characteristics

          

Table 86. COMP characteristics(1) 

Symbol Parameter Conditions Min Typ Max Unit

VDDA Analog supply voltage - 1.62 - 3.6

VVIN
Comparator input voltage 
range

- 0 - VDDA

VBG
(2) Scaler input voltage - VREFINT

VSC Scaler offset voltage - - ±5 ±10 mV

IDDA(SCALER)
Scaler static consumption 
from VDDA

BRG_EN=0 (bridge disable) - 200 300 nA

BRG_EN=1 (bridge enable) - 0.8 1 µA

tSTART_SCALER Scaler startup time - - 100 200 µs

tSTART

Comparator startup time to 
reach propagation delay 
specification

High-speed 
mode

VDDA ≥ 2.7 V - - 5

µs

VDDA < 2.7 V - - 7

Medium mode
VDDA ≥ 2.7 V - - 15

VDDA < 2.7 V - - 25

Ultra-low-power mode - - 40

tD
(3) Propagation delay with 

100 mV overdrive

High-speed 
mode

VDDA ≥ 2.7 V - 55 80
ns

VDDA < 2.7 V - 65 100

Medium mode - 0.55 0.9
µs

Ultra-low-power mode - 4 7

Voffset Comparator offset error
Full common 
mode range

- - ±5 ±20 mV

Vhys Comparator hysteresis

No hysteresis - 0 -

mV
Low hysteresis - 8 -

Medium hysteresis - 15 -

High hysteresis - 27 -
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SPI characteristics

Unless otherwise specified, the parameters given in Table 95 for SPI are derived from tests 
performed under the ambient temperature, fPCLKx frequency and supply voltage conditions 
summarized in Table 23: General operating conditions.

• Output speed is set to OSPEEDRy[1:0] = 11

• Capacitive load C = 30 pF

• Measurement points are done at CMOS levels: 0.5 ₓ VDD

Refer to Section 6.3.14: I/O port characteristics for more details on the input/output alternate 
function characteristics (NSS, SCK, MOSI, MISO for SPI).

          

Table 95. SPI characteristics(1) 

Symbol Parameter Conditions Min Typ Max Unit

    fSCK
1/tc(SCK)

SPI clock frequency

Master mode receiver/full duplex 
2.7 < VDD < 3.6 V 
Voltage Range 1

- -

40

MHz

Master mode receiver/full duplex 
1.71 < VDD < 3.6 V 
Voltage Range 1

16

Master mode transmitter 
1.71 < VDD < 3.6 V 
Voltage Range 1

40

Slave mode receiver 
1.71 < VDD < 3.6 V 
Voltage Range 1

40

Slave mode transmitter/full duplex 
2.7 < VDD < 3.6 V 
Voltage Range 1

37(2)

Slave mode transmitter/full duplex 
1.71 < VDD < 3.6 V 
Voltage Range 1

20(2)

Voltage Range 2 13

tsu(NSS) NSS setup time Slave mode, SPI prescaler = 2 4ₓTPCLK - - ns

th(NSS) NSS hold time Slave mode, SPI prescaler = 2 2ₓTPCLK - - ns

tw(SCKH)
tw(SCKL)

SCK high and low time Master mode TPCLK-2 TPCLK TPCLK+2 ns

tsu(MI)
Data input setup time

Master mode 4 - -
ns

tsu(SI) Slave mode 1.5 - -

th(MI)
Data input hold time

Master mode 6.5 - -
ns

th(SI) Slave mode 1.5 - -

ta(SO) Data output access time Slave mode 9 - 36 ns

tdis(SO) Data output disable time Slave mode 9 - 16 ns
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7.7 Thermal characteristics

The maximum chip-junction temperature, TJ max, in degrees Celsius, may be calculated 
using the following equation:

TJ max = TA max + (PD max x ΘJA)

Where:

• TA max is the maximum ambient temperature in °C,

• ΘJA is the package junction-to-ambient thermal resistance, in °C/W,

• PD max is the sum of PINT max and PI/O max (PD max = PINT max + PI/Omax),

• PINT max is the product of all IDDXXX and VDDXXX, expressed in Watts. This is the 
maximum chip internal power.

PI/O max represents the maximum power dissipation on output pins where:

PI/O max = Σ (VOL × IOL) + Σ ((VDDIOx – VOH) × IOH),

taking into account the actual VOL / IOL and VOH / IOH of the I/Os at low and high level in the 
application.

          

7.7.1 Reference document

JESD51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural 
Convection (Still Air). Available from www.jedec.org

7.7.2 Selecting the product temperature range

When ordering the microcontroller, the temperature range is specified in the ordering 
information scheme shown in Section 8: Ordering information.

Each temperature range suffix corresponds to a specific guaranteed ambient temperature at 
maximum dissipation and, to a specific maximum junction temperature.

As applications do not commonly use the STM32L452xx at maximum dissipation, it is useful 
to calculate the exact power consumption and junction temperature to determine which 
temperature range will be best suited to the application.

Table 111. Package thermal characteristics 

Symbol Parameter Value Unit

ΘJA

Thermal resistance junction-ambient 
LQFP100 - 14 × 14 mm / 0.5 mm pitch

56

°C/W

Thermal resistance junction-ambient 
UFBGA100 - 7 × 7 mm / 0.5 mm pitch

75

Thermal resistance junction-ambient 
LQFP64 - 10 × 10 mm / 0.5 mm pitch

58

Thermal resistance junction-ambient 
UFBGA64 - 5 × 5 mm / 0.5 mm pitch

65

Thermal resistance junction-ambient 
WLCSP64 3.141 x 3.127 / 0.35 mm pitch

53

Thermal resistance junction-ambient 
UFQFPN48 - 7 × 7 mm / 0.5 mm pitch

29
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The following examples show how to calculate the temperature range needed for a given 
application.

Example 1: High-performance application

Assuming the following application conditions:

Maximum ambient temperature TAmax = 75 °C (measured according to JESD51-2), 
IDDmax = 50 mA, VDD = 3.5 V, maximum 20 I/Os used at the same time in output at low 
level with IOL = 8 mA, VOL= 0.4 V and maximum 8 I/Os used at the same time in output 
at low level with IOL = 20 mA, VOL= 1.3 V

PINTmax = 50 mA × 3.5 V= 175 mW

PIOmax = 20 × 8 mA × 0.4 V + 8 × 20 mA × 1.3 V = 272 mW

This gives: PINTmax = 175 mW and PIOmax = 272 mW:

PDmax = 175 + 272 = 447 mW

Using the values obtained in Table 111 TJmax is calculated as follows:

– For LQFP64, 58 °C/W 

TJmax = 75 °C + (58 °C/W × 447 mW) = 75 °C + 25.926 °C = 100.926 °C

This is within the range of the suffix 6 version parts (–40 < TJ < 105 °C) see Section 8: 
Ordering information.

In this case, parts must be ordered at least with the temperature range suffix 6 (see Part 
numbering).

Note: With this given PDmax we can find the TAmax allowed for a given device temperature range 
(order code suffix 6 or 3).

Suffix 6: TAmax = TJmax - (58°C/W × 447 mW) = 105-25.926 = 79.074 °C

Suffix 3: TAmax = TJmax - (58°C/W × 447 mW) = 130-25.926 = 104.074 °C

Example 2: High-temperature application

Using the same rules, it is possible to address applications that run at high ambient 
temperatures with a low dissipation, as long as junction temperature TJ remains within the 
specified range.

Assuming the following application conditions:

Maximum ambient temperature TAmax = 100 °C (measured according to JESD51-2), 
IDDmax = 20 mA, VDD = 3.5 V, maximum 20 I/Os used at the same time in output at low 
level with IOL = 8 mA, VOL= 0.4 V

PINTmax = 20 mA × 3.5 V= 70 mW

PIOmax = 20 × 8 mA × 0.4 V = 64 mW

This gives: PINTmax = 70 mW and PIOmax = 64 mW:

PDmax = 70 + 64 = 134 mW

Thus: PDmax = 134 mW

Using the values obtained in Table 111 TJmax is calculated as follows:

– For LQFP64, 58 °C/W 

TJmax = 100 °C + (58 °C/W × 134 mW) = 100 °C + 7.772 °C = 107.772 °C

This is above the range of the suffix 6 version parts (–40 < TJ < 105 °C).



DS11912 Rev 4 209/212

STM32L452xx Ordering information

211

8 Ordering information

          

For a list of available options (speed, package, etc.) or for further information on any aspect 
of this device, please contact your nearest ST sales office.

Table 112. STM32L452xx ordering information scheme 

Example: STM32 L  452 R E T 6 P TR

Device family

STM32 = Arm® based 32-bit microcontroller

Product type

L = ultra-low-power

Device subfamily

452: STM32L452xx

Pin count

C = 48 pins

R = 64 pins

V = 100 pins

Flash memory size

C = 256 KB of Flash memory

E = 512 KB of Flash memory

Package

T = LQFP ECOPACK®2

U = QFN ECOPACK®2

I = UFBGA ECOPACK®2

Y = CSP ECOPACK®2

Temperature range

6 = Industrial temperature range, -40 to 85 °C (105 °C junction)

3 = Industrial temperature range, -40 to 125 °C (130 °C junction)

Option

Blank = Standard production with integrated LDO

P = Dedicated pinout supporting external SMPS

Packing

TR = tape and reel

xxx = programmed parts


