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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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3.12 Clocks and startup

The clock controller (see Figure 7) distributes the clocks coming from the different 
oscillators to the core and to the peripherals. It also manages the clock gating for low-power 
modes and ensures the clock robustness. It features:

• Clock prescaler: to get the best trade-off between speed and current consumption, 
the clock frequency to the CPU and peripherals can be adjusted by a programmable 
prescaler.

• Safe clock switching: clock sources can be changed safely on the fly in Run mode 
through a configuration register.

• Clock management: to reduce the power consumption, the clock controller can stop 
the clock to the core, individual peripherals or memory.

• System clock source: four different clock sources can be used to drive the master 
clock SYSCLK:

– 4 to 48 MHz high-speed external crystal or ceramic resonator (HSE), that can 
supply a PLL. The HSE can also be configured in bypass mode for an external 
clock. The HSE must be available when the DSI-HOST peripheral is used.

– 16 MHz high-speed internal RC oscillator (HSI16), trimmable by software, that can 
supply a PLL

– Multispeed internal RC oscillator (MSI), trimmable by software, able to generate 
12 frequencies from 100 kHz to 48 MHz. When a 32.768 kHz clock source is 
available in the system (LSE), the MSI frequency can be automatically trimmed by 
hardware to reach better than ±0.25% accuracy. In this mode the MSI can feed the 
USB device, saving the need of an external high-speed crystal (HSE). The MSI 
can supply a PLL.

– System PLL which can be fed by HSE, HSI16 or MSI, with a maximum frequency 
at 120 MHz.

• RC48 with clock recovery system (HSI48): internal 48 MHz clock source (HSI48)can 
be used to drive the USB, the SDMMC or the RNG peripherals. This clock can be 
output on the MCO.

• Auxiliary clock source: two ultra-low-power clock sources that can be used to drive 
the real-time clock:

– 32.768 kHz low-speed external crystal (LSE), supporting four drive capability 
modes. The LSE can also be configured in bypass mode for an external clock.

– 32 kHz low-speed internal RC (LSI), also used to drive the independent watchdog. 
The LSI clock accuracy is ±5% accuracy.

• Peripheral clock sources: several peripherals (USB, SDMMC, RNG, SAI, USARTs, 
I2Cs, LPTimers, ADC) have their own independent clock whatever the system clock. 
Three PLLs, each having three independent outputs allowing the highest flexibility, can 
generate independent clocks for the ADC, the USB/SDMMC/RNG, the two SAIs, LCD-
TFT and DSI-HOST. When using DSI-HOST peripheral, the high-speed external crystal 
(HSE) must be available. 

• Startup clock: after reset, the microcontroller restarts by default with an internal 4 MHz 
clock (MSI). The prescaler ratio and clock source can be changed by the application 
program as soon as the code execution starts.

• Clock security system (CSS): this feature can be enabled by software. If a HSE clock 
failure occurs, the master clock is automatically switched to HSI16 and a software 
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interrupt is generated if enabled. LSE failure can also be detected and generated an 
interrupt.

• Clock-out capability: 

– MCO (microcontroller clock output): it outputs one of the internal clocks for 
external use by the application

– LSCO (low-speed clock output): it outputs LSI or LSE in all low-power modes 
(except VBAT).

Several prescalers allow to configure the AHB frequency, the high speed APB (APB2) and 
the low-speed APB (APB1) domains. The maximum frequency of the AHB and the APB 
domains is 120 MHz.
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3.18 Interrupts and events

3.18.1 Nested vectored interrupt controller (NVIC)

The STM32L4R5xx, STM32L4R7xx and STM32L4R9xxdevices embed a nested vectored 
interrupt controller which is able to manage 16 priority levels, and to handle up to 94 
maskable interrupt channels plus the 16 interrupt lines of the Cortex®-M4.

The NVIC benefits are the following:

• Closely coupled NVIC gives low latency interrupt processing

• Interrupt entry vector table address passed directly to the core

• Allows early processing of interrupts

• Processing of late arriving higher priority interrupts

• Support for tail chaining

• Processor state automatically saved

• Interrupt entry restored on interrupt exit with no instruction overhead

The NVIC hardware block provides flexible interrupt management features with minimal 
interrupt latency.

3.18.2 Extended interrupt/event controller (EXTI)

The extended interrupt/event controller consists of 36 edge detector lines used to generate 
interrupt/event requests and to wake-up the system from the Stop mode. Each external line 
can be independently configured to select the trigger event (rising edge, falling edge, both) 
and can be masked independently.

A pending register maintains the status of the interrupt requests. The internal lines are 
connected to peripherals with wakeup from Stop mode capability. The EXTI can detect an 
external line with a pulse width shorter than the internal clock period. Up to 114 GPIOs can 
be connected to the 16 external interrupt lines.
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Table 15. STM32L4Rxxx pin definitions 
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- - - - - - M11 M11 - - - - - M11 VSS S - - - -

- - - - - - C1 C1 - - - - - C1 VDD S - - - -

- - - - - - C3 C3 - - - - - C3 PI11 I/O FT -
OCTOSPIM_P2_IO0, 

EVENTOUT
-

1 B2 B2 1 1 B11 D3 D3 1 1 C3 B11 B11 D3 PE2 I/O FT_l -

TRACECK, 
TIM3_ETR, 
SAI1_CK1, 

TSC_G7_IO1, 
LCD_R0, FMC_A23, 

SAI1_MCLK_A, 
EVENTOUT

-

2 A1 A1 2 2 C11 D2 D2 2 2 B3 C11 C11 D2 PE3 I/O FT_l -

TRACED0, 
TIM3_CH1, 

OCTOSPIM_P1_DQS, 
TSC_G7_IO2, 

LCD_R1, FMC_A19, 
SAI1_SD_B, 
EVENTOUT

-
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- - - 22 22 H10 H4 H4 - 20 G3 H10 H10 H4 PF10 I/O FT -

OCTOSPIM_P1_CLK, 
DFSDM1_CKOUT, 

DCMI_D11, SAI1_D3, 
TIM15_CH2, 
EVENTOUT

-

12 F1 F1 23 23 H12 H1 H1 12 21 H1 H12 H12 H1
PH0-

OSC_I
N (PH0)

I/O FT - EVENTOUT OSC_IN

13 G1 G1 24 24 J12 J1 J1 13 22 H2 J12 J12 J1

PH1-
OSC_O

UT 
(PH1)

I/O FT - EVENTOUT OSC_OUT

14 H2 H2 25 25 H11 H3 H3 14 23 J1 H11 H11 H3 NRST I-O RST - - -

15 H1 H1 26 26 J11 J2 J2 15 24 H3 J11 J11 J2 PC0 I/O FT_fla -

LPTIM1_IN1, 
I2C3_SCL, 

DFSDM1_DATIN4, 
LPUART1_RX, 

SAI2_FS_A, 
LPTIM2_IN1, 
EVENTOUT

ADC1_IN1

Table 15. STM32L4Rxxx pin definitions (continued)
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- K7 K7 53 53 M7 M6 M6 - 49 J6 M7 M7 M6 PF13 I/O FT -

I2C4_SMBA, 
DFSDM1_DATIN6, 
LCD_B1, FMC_A7, 

EVENTOUT

-

- J8 J8 54 54 G7 L6 L6 - 50 M7 G7 G7 L6 PF14 I/O FT_f -

I2C4_SCL, 
DFSDM1_CKIN6, 

TSC_G8_IO1, 
LCD_G0, FMC_A8, 

EVENTOUT

-

- J9 J9 55 55 J6 K6 K6 - 51 H6 J6 J6 K5 PF15 I/O FT_f -

I2C4_SDA, 
TSC_G8_IO2, 

LCD_G1, FMC_A9, 
EVENTOUT

-

- H9 H9 56 56 K6 J6 J6 - 52 L7 K6 K6 J5 PG0 I/O FT -

OCTOSPIM_P2_IO4, 
TSC_G8_IO3, 

FMC_A10, 
EVENTOUT

-

- G9 G9 57 57 L6 H6 H6 - 53 M8 L6 L6 H5 PG1 I/O FT -

OCTOSPIM_P2_IO5, 
TSC_G8_IO4, 

FMC_A11, 
EVENTOUT

-

Table 15. STM32L4Rxxx pin definitions (continued)
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- D7 D7 127 127 A7 F6 F6 - 129 D6 A7 A7 F6 PG12 I/O FT_s -

LPTIM1_ETR, 
OCTOSPIM_P2_NCS, 

SPI3_NSS, 
USART1_RTS_DE, 

FMC_NE4, 
SAI2_SD_A, 
EVENTOUT

-

- C7 C7 128 128 D8 G7 G7 - - C6 NC D8 G6 PG13 I/O FT_fs -

I2C1_SDA, 
USART1_CK, 

LCD_R0, FMC_A24, 
EVENTOUT

-

- NC C6 129 129 - G6 G6 - - - - - - PG14 I/O FT_fs -
I2C1_SCL, LCD_R1, 

FMC_A25, 
EVENTOUT

-

- F7 F7 130 130 - - - - 130 A7 - - - VSS S - - - -

- G7 G7 131 131 A8 B6 B6 - 131 A6 A8 A8 B6
VDDIO

2
S - - - -

- K1 K1 NC 132 - NC C6 - 132 - - - C6 PG15 I/O FT_s -

LPTIM1_OUT, 
I2C1_SMBA, 

OCTOSPIM_P2_DQS, 
DCMI_D13, 
EVENTOUT

-

Table 15. STM32L4Rxxx pin definitions (continued)
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96 B3 B3 139 140 B10 D4 D4 98 140 A3 B10 B10 D4 PB9 I/O FT_fl -

IR_OUT, TIM4_CH4, 
SAI1_D2, I2C1_SDA, 

SPI2_NSS, 
DFSDM1_CKIN6, 
SDMMC1_CDIR, 

CAN1_TX, DCMI_D7, 
SDMMC1_D5, 
SAI1_FS_A, 
TIM17_CH1, 
EVENTOUT

-

97 C3 C3 140 141 A10 A4 A4 - 141 A2 A10 A10 A4 PE0 I/O FT -

TIM4_ETR, DCMI_D2, 
LCD_HSYNC, 
FMC_NBL0, 
TIM16_CH1, 
EVENTOUT

-

98 A2 A2 141 142 A11 B4 B4 - 142 C4 D8 A11 B4 PE1 I/O FT -

DCMI_D3, 
LCD_VSYNC, 
FMC_NBL1, 
TIM17_CH1, 
EVENTOUT

-

- C6 - 142 - - C6 - - - - A11 - - VDD12 - - - - -

99 D3 D3 143 143 A12 B3 B3 99 143 A1 A12 A12 B3 VSS S - - - -

100 C4 C4 144 144 B12 A3 A3 100 144 B2 B12 B12 A3 VDD S - - - -

Table 15. STM32L4Rxxx pin definitions (continued)
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Port 
C

PC0 - LPTIM1_IN1 - - I2C3_SCL - DFSDM1_DATIN4 -

PC1 TRACED0 LPTIM1_OUT - SPI2_MOSI I2C3_SDA - DFSDM1_CKIN4 -

PC2 - LPTIM1_IN2 - - - SPI2_MISO DFSDM1_CKOUT -

PC3 - LPTIM1_ETR - SAI1_D1 - SPI2_MOSI - -

PC4 - - - - - - - USART3_TX

PC5 - - - SAI1_D3 - - - USART3_RX

PC6 - - TIM3_CH1 TIM8_CH1 - - DFSDM1_CKIN3 -

PC7 - - TIM3_CH2 TIM8_CH2 - - DFSDM1_DATIN3 -

PC8 - - TIM3_CH3 TIM8_CH3 - - - -

PC9 TRACED0 TIM8_BKIN2 TIM3_CH4 TIM8_CH4 DCMI_D3 - I2C3_SDA -

PC10 TRACED1 - - - - - SPI3_SCK USART3_TX

PC11 - - - - DCMI_D2 OCTOSPIM_P1_NCS SPI3_MISO USART3_RX

PC12 TRACED3 - - - - - SPI3_MOSI USART3_CK

PC13 - - - - - - - -

PC14 - - - - - - - -

PC15 - - - - - - - -

Table 16. Alternate function AF0 to AF7(1)  (continued)

Port

AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7

OTG_FS/
SYS_AF

TIM1/2/5/8/L
PTIM1

TIM1/2/3/4/
5

SPI2/SAI1/I2C4/U
SART2/OTG_FS/T
IM1/8/OCTOSPIM

_P1

I2C1/2/3/4/DC
MI

SPI1/2/3/I2C4/DFS
DM1/DCMI/OCTOS

PIM_P1/2

SPI3/I2C3/DFS
DM1/COMP1/O
CTOSPIM_P2

USART1/2/3
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Table 34. Current consumption in Run and Low-power run modes,

code with data processing running from SRAM1 

Symbol Parameter

Conditions

fHCLK

TYP MAX(1)

Unit
-

Voltage 

scaling
25°C 55°C 85°C 105°C 125°C 25°C 55°C 85°C 105°C 125°C

IDD(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 3.35 3.75 4.85 6.45 9.30 4.70 5.6 7.6 11.0 17.0

mA

16 MHz 2.20 2.55 3.65 5.20 8.10 3.20 4.1 6.1 9.4 16.0

8 MHz 1.20 1.55 2.65 4.25 7.10 1.70 2.7 4.7 8.0 14.0

4 MHz 0.74 1.10 2.15 3.75 6.60 1.20 2.0 4.0 7.3 14.0

2 MHz 0.49 0.85 1.95 3.50 6.35 0.79 1.6 3.6 6.9 13.0

1 MHz 0.37 0.73 1.80 3.40 6.20 0.61 1.4 3.4 6.7 13.0

100 KHz 0.26 0.62 1.70 3.25 6.10 0.44 1.2 3.2 6.5 13.0

Range 1 

Boost Mode
120 MHz 18.00 18.50 20.00 22.50 26.50 19.00 21.0 24.0 28.0 36.0(2)

Range 1 

Normal 
Mode

80 MHz 11.00 11.50 13.50 15.50 19.00 15.00 16.0 19.0 23.0 30.0(2)

72 MHz 10.00 10.50 12.00 14.00 18.00 13.00 15.0 18.0 22.0 29.0

64 MHz 9.10 9.60 11.00 13.00 16.50 12.00 13.0 16.0 20.0 27.0

48 MHz 7.20 7.70 9.20 11.00 14.50 11.00 12.0 15.0 19.0 26.0

32 MHz 4.90 5.40 6.85 8.80 12.50 7.30 8.5 12.0 16.0 23.0

24 MHz 3.75 4.25 5.65 7.65 11.00 5.60 6.7 9.3 14.0 21.0

16 MHz 2.60 3.10 4.50 6.45 9.90 4.10 5.2 7.7 12.0 19.0

IDD 
(LPRun)

Supply 
current in 
Low-power 
run mode

fHCLK = fMSI 

all peripherals disable

FLASH in power-down

2 MHz 435 885 2150 3950 7100 800 1800 4200 7800 15000

µA
1 MHz 300 745 2000 3800 6950 580 1600 4000 7600 14000

400 KHz 225 655 1900 3700 6850 420 1400 3800 7500 14000

100 KHz 180 620 1900 3650 6800 370 1400 3700 7500 14000

1. Guaranteed by characterization results, unless otherwise specified.

2. Guaranteed by test in production.
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Table 37. Typical current consumption in Run and Low-power run modes, with 
different codes running from Flash, ART enable (Cache ON Prefetch OFF)

and power supplied by external SMPS 

Symbol Parameter
Conditions(1)

TYP

Single 
Bank 
Mode

TYP

Dual Bank 
Mode Unit

TYP

Single 
Bank 
Mode

TYP

Dual 
Bank 
Mode 

Unit

- VDD12 fHCLK Code 25°C 25°C 25°C 25°C

IDD 
(Run)

Supply 
current in 
Run mode

fHCLK=fHSE up to 
48 MHZ included, 

bypass mode 
PLL ON above 

48 MHz all 
peripherals 

disable

VDD12=1.05V
 fHCLK=
26 MHz

Reduced 
code

1.34 1.41

mA

51 54

µA/MHz
Coremark 1.53 1.55 59 60

Dhrystone2.1 1.67 1.69 64 65

Fibonacci 1.43 1.53 55 59

While(1) 1.24 1.24 48 48

VDD12=1.10V

 fHCLK=
26 MHz

Reduced 
code

1.47 1.55

mA

56 60

µA/MHz
Coremark 1.68 1.70 65 66

Dhrystone2.1 1.83 1.85 71 71

Fibonacci 1.57 1.68 61 65

While(1) 1.36 1.36 52 52

fHCLK=
80 MHz

Reduced 
code

4.13 4.49

mA

52 56

µA/MHz
Coremark 4.85 4.85 61 61

Dhrystone2.1 5.21 5.21 65 65

Fibonacci 4.49 5.03 56 63

While(1) 3.77 3.77 47 47
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Figure 34. Typical current consumption versus MSI frequency

IDD(MSI)(6)
MSI oscillator 
power 
consumption

MSI and 
PLL mode

Range 0 - - 0.6 1

µA

Range 1 - - 0.8 1.2

Range 2 - - 1.2 1.7

Range 3 - - 1.9 2.5

Range 4 - - 4.7 6

Range 5 - - 6.5 9

Range 6 - - 11 15

Range 7 - - 18.5 25

Range 8 - - 62 80

Range 9 - - 85 110

Range 10 - - 110 130

Range 11 - - 155 190

1. Guaranteed by characterization results.

2. This is a deviation for an individual part once the initial frequency has been measured.

3. Sampling mode means Low-power run/Low-power sleep modes with Temperature sensor disable.

4. Average period of MSI @48 MHz is compared to a real 48 MHz clock over 28 cycles. It includes frequency tolerance + jitter 
of MSI @48 MHz clock.

5. Only accumulated jitter of MSI @48 MHz is extracted over 28 cycles. 
For next transition: min. and max. jitter of 2 consecutive frame of 28 cycles of the MSI @48 MHz, for 1000 captures over 28 
cycles. 
For paired transitions: min. and max. jitter of 2 consecutive frame of 56 cycles of the MSI @48 MHz, for 1000 captures over 
56 cycles.

6. Guaranteed by design.

Table 61. MSI oscillator characteristics(1) (continued)

Symbol Parameter Conditions Min Typ Max Unit
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The maximum value of RAIN can be found in Table 83: Maximum ADC RAIN.

          

Table 83. Maximum ADC RAIN
(1)(2) 

Resolution
Sampling cycle 

@80 MHz
Sampling time 
[ns] @80 MHz

RAIN max (Ω)

Fast channels(3) Slow channels(4)

12 bits

2.5 31.25 100 N/A

6.5 81.25 330 100

12.5 156.25 680 470

24.5 306.25 1500 1200

47.5 593.75 2200 1800

92.5 1156.25 4700 3900

247.5 3093.75 12000 10000

640.5 8006.75 39000 33000

10 bits

2.5 31.25 120 N/A

6.5 81.25 390 180

12.5 156.25 820 560

24.5 306.25 1500 1200

47.5 593.75 2200 1800

92.5 1156.25 5600 4700

247.5 3093.75 12000 10000

640.5 8006.75 47000 39000

8 bits

2.5 31.25 180 N/A

6.5 81.25 470 270

12.5 156.25 1000 680

24.5 306.25 1800 1500

47.5 593.75 2700 2200

92.5 1156.25 6800 5600

247.5 3093.75 15000 12000

640.5 8006.75 50000 50000

6 bits

2.5 31.25 220 N/A

6.5 81.25 560 330

12.5 156.25 1200 1000

24.5 306.25 2700 2200

47.5 593.75 3900 3300

92.5 1156.25 8200 6800

247.5 3093.75 18000 15000

640.5 8006.75 50000 50000
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Table 86. ADC accuracy - limited test conditions 3(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,

1.65 V ≤ VDDA = VREF+ ≤ 
3.6 V,

Voltage scaling Range 1

Single 
ended

Fast channel (max speed) - 5.5 7.5

LSB

Slow channel (max speed) - 4.5 6.5

Differential
Fast channel (max speed) - 4.5 7.5

Slow channel (max speed) - 4.5 5.5

EO
Offset 
error

Single 
ended

Fast channel (max speed) - 2 5

Slow channel (max speed) - 2.5 5

Differential
Fast channel (max speed) - 2 3.5

Slow channel (max speed) - 2.5 3

EG Gain error

Single 
ended

Fast channel (max speed) - 4.5 7

Slow channel (max speed) - 3.5 6

Differential
Fast channel (max speed) - 3.5 4

Slow channel (max speed) - 3.5 5

ED
Differential 
linearity 
error

Single 
ended

Fast channel (max speed) - 1.2 1.5

Slow channel (max speed) - 1.2 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) - 3 3.5

Slow channel (max speed) - 2.5 3.5

Differential
Fast channel (max speed) - 2 2.5

Slow channel (max speed) - 2 2.5

ENOB
Effective 
number of 
bits

Single 
ended

Fast channel (max speed) 10 10.4 -

bits
Slow channel (max speed) 10 10.4 -

Differential
Fast channel (max speed) 10.6 10.7 -

Slow channel (max speed) 10.6 10.7 -

SINAD

Signal-to-
noise and 
distortion 
ratio

Single 
ended

Fast channel (max speed) 62 64 -

dB

Slow channel (max speed) 62 64 -

Differential
Fast channel (max speed) 65 66 -

Slow channel (max speed) 65 66 -

SNR
Signal-to-
noise ratio

Single 
ended

Fast channel (max speed) 63 65 -

Slow channel (max speed) 63 65 -

Differential
Fast channel (max speed) 66 67 -

Slow channel (max speed) 66 67 -
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Figure 53. Asynchronous multiplexed PSRAM/NOR write waveforms

          

Table 112. Asynchronous multiplexed PSRAM/NOR write timings(1)(2) 

Symbol Parameter Min Max Unit

tw(NE) FMC_NE low time 5THCLK-0.5 5THCLK+1

ns

tv(NWE_NE) FMC_NEx low to FMC_NWE low THCLK-0.5 THCLK+1

tw(NWE) FMC_NWE low time 2THCLK-0.5 2THCLK+0.5

th(NE_NWE) FMC_NWE high to FMC_NE high hold time 2THCLK-0.5 -

tv(A_NE) FMC_NEx low to FMC_A valid - 3

tv(NADV_NE) FMC_NEx low to FMC_NADV low 0 1

tw(NADV) FMC_NADV low time THCLK+0.5 THCLK+1.5

th(AD_NADV)
FMC_AD(adress) valid hold time after 
FMC_NADV high

THCLK-3 -

th(A_NWE) Address hold time after FMC_NWE high 0 -

th(BL_NWE) FMC_BL hold time after FMC_NWE high 2THCLK-0.5 -

tv(BL_NE) FMC_NEx low to FMC_BL valid - THCLK

tv(Data_NADV) FMC_NADV high to Data valid - THCLK+2

th(Data_NWE) Data hold time after FMC_NWE high 2THCLK+0.5 -

NBL

Data

FMC_ NEx

FMC_ NBL[1:0]

FMC_ AD[15:0]

tv(BL_NE)

th(Data_NWE)

FMC_NOE

AddressFMC_ A[25:16]

tv(A_NE)

tw(NWE)

FMC_NWE

tv(NWE_NE) th(NE_NWE)

th(A_NWE)

th(BL_NWE)

tv(A_NE)

tw(NE)

MS32756V1

Address

FMC_NADV

tv(NADV_NE)

tw(NADV)

tv(Data_NADV)

th(AD_NADV)

FMC_NWAIT

tsu(NWAIT_NE)

th(NE_NWAIT)



DS12023 Rev 4 267/310

STM32L4R5xx, STM32L4R7xx and STM32L4R9xx Electrical characteristics

284

          

Table 115. Synchronous multiplexed PSRAM write timings(1)(2)(3) 

1. CL = 30  pF.

2. Guaranteed by characterization results.

3. Clock ratio R = (HCLK period /FMC_CLK period).

Symbol Parameter Min Max Unit

tw(CLK) FMC_CLK period RxTHCLK- 0.5  -

ns

td(CLKL-NExL) FMC_CLK low to FMC_NEx low (x=0..2)  - 2.5

td(CLKH-NExH) FMC_CLK high to FMC_NEx high (x= 0…2) RxTHCLK/2 +1  -

td(CLKL-NADVL) FMC_CLK low to FMC_NADV low  - 2.5

td(CLKL-NADVH) FMC_CLK low to FMC_NADV high 2  -

td(CLKL-AV) FMC_CLK low to FMC_Ax valid (x=16…25)  - 5.5

td(CLKH-AIV) FMC_CLK high to FMC_Ax invalid (x=16…25) RxTHCLK/2 +1  -

td(CLKL-NWEL) FMC_CLK low to FMC_NWE low  - 2

td(CLKH-NWEH) FMC_CLK high to FMC_NWE high RxTHCLK/2 +1  -

td(CLKL-ADV) FMC_CLK low to FMC_AD[15:0] valid - 3

td(CLKL-ADIV) FMC_CLK low to FMC_AD[15:0] invalid  0  -

td(CLKL-DATA) FMC_A/D[15:0] valid data after FMC_CLK low  - 3.5

td(CLKL-NBLL) FMC_CLK low to FMC_NBL low 1 -

td(CLKH-NBLH) FMC_CLK high to FMC_NBL high RxTHCLK/2 +1.5 -

tsu(NWAIT-CLKH) FMC_NWAIT valid before FMC_CLK high 1.5 -

th(CLKH-NWAIT) FMC_NWAIT valid after FMC_CLK high 4 -
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Figure 57. Synchronous non-multiplexed PSRAM write timings

tsu(NWAIT-CLKH) FMC_NWAIT valid before FMC_CLK high 1.5 -
ns

th(CLKH-NWAIT) FMC_NWAIT valid after FMC_CLK high 4 -

1. CL = 30  pF.

2. Guaranteed by characterization results.

3. Clock ratio R = (HCLK period /FMC_CLK period).

Table 116. Synchronous non-multiplexed NOR/PSRAM read timings(1)(2)(3) 

Symbol Parameter Min Max Unit
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CMD, D inputs (referenced to CK) in eMMC legacy/SDR/DDR and SD HS/SDR(2)/DDR(2) mode

tISU Input setup time HS - 1.5 - -
ns

tIHD Input hold time HS - 2 - -

CMD, D outputs (referenced to CK) in eMMC legacy/SDR/DDR and SD HS/SDR(2)/DDR(2) mode

tOV Output valid time HS - - 5 6.5
ns

tOH Output hold time HS - 4 - -

CMD, D inputs (referenced to CK) in SD default mode

tISUD Input setup time SD - 1.5 - -
ns

tIHD Input hold time SD - 2 - -

CMD, D outputs (referenced to CK) in SD default mode

tOVD Output valid default time SD - - 1 2.5
ns

tOHD Output hold default time SD - 0 - -

1. Guaranteed by characterization results.

2. For SD 1.8 V support, an external voltage converter is needed.

Table 126. Dynamics characteristics: 
eMMC characteristics at VDD = 1.71 V to 1.9 V(1)(2) 

1. Guaranteed by characterization results.

2. Cload = 20 pF.

Symbol Parameter Conditions Min Typ Max Unit

fPP
Clock frequency in data transfer 
mode

- 0 - 52 MHz

-
SDIO_CK/fPCLK2 frequency 
ratio

- - - 8/3 -

tW(CKL) Clock low time fpp = 52 MHz 8.5 9.5 -
ns

tW(CKH) Clock high time fpp = 52 MHz 8.5 9.5 -

CMD, D inputs (referenced to CK) in eMMC mode

tISU Input setup time HS - 0.5 - -
ns

tIH Input hold time HS - 4.5 - -

CMD, D outputs (referenced to CK) in eMMC mode

tOV Output valid time HS - - 6 7.4
ns

tOH Output hold time HS - 4 - -

Table 125. Dynamics characteristics: 
SD / eMMC characteristics at VDD = 2.7 V to 3.6 V (1) (continued)

Symbol Parameter Conditions Min Typ Max Unit
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See the different SDMMC diagrams in Figure 69, Figure 70 and Figure 71 below.

Figure 69. SDIO high-speed mode

Figure 70. SD default mode

Figure 71. DDR mode

MSv36879V1

Data output D0 D2 D4

Clock

Data input D0 D2 D4

t(CK) tw(CKH) tw(CKL)tr(CK) tf(CK)

tsf(IN) thf(IN)

tvf(OUT) thr(OUT)

D1 D3 D5

D1 D3 D5

tvr(OUT) thf(OUT)

tsr(IN) thr(IN)
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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 = 82 °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 137 TJmax is calculated as follows:

– For LQFP100, 42 °C/W 

TJmax = 82 °C + (42 °C/W × 447 mW) = 82 °C + 18.774 °C = 100.774 °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 
Section 8: Ordering information).

Note: With this given PDmax we can find the TAmax allowed for a given device temperature range 
(order code suffix 6 or 7).

Suffix 6: TAmax = TJmax - (42°C/W × 447 mW) = 105-18.774 = 86.226 °C

Suffix 3: TAmax = TJmax - (42°C/W × 447 mW) = 130-18.774 = 111.226 °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 137 TJmax is calculated as follows:

– For LQFP100, 42 °C/W 

TJmax = 100 °C + (42 °C/W × 134 mW) = 100 °C + 5.628 °C = 105.628 °C

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


