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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
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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
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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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3.4 Embedded Flash memory

The STM32L4Rxxx devices feature 2 Mbytes of embedded Flash memory which is 
available for storing programs and data. 

The Flash interface features:

– Single or dual bank operating modes

– Read-while-write (RWW) in dual bank mode

This feature allows to perform a read operation from one bank while an erase or program 
operation is performed to the other bank. The dual bank boot is also supported. Each bank 
contains 256 pages of 4 or 8 Kbytes (depending on the read access width).

Flexible protections can be configured thanks to the option bytes:

• Readout protection (RDP) to protect the whole memory. Three levels of protection are 
available:

– Level 0: no readout protection

– Level 1: memory readout protection; the Flash memory cannot be read from or written 
to if either the debug features are connected or the boot in RAM or bootloader are 
selected

– Level 2: chip readout protection; the debug features (Cortex-M4 JTAG and serial 
wire), the boot in RAM and the bootloader selection are disabled (JTAG fuse). This 
selection is irreversible.

          

• Write protection (WRP): the protected area is protected against erasing and 
programming:

– In single bank mode, four areas can be selected with 8-Kbyte granularity.

– In dual bank mode, two areas per bank can be selected with 4-Kbyte granularity.

Table 3. Access status versus readout protection level and execution modes 

Area
Protection 

level

User execution
Debug, boot from RAM or boot 
from system memory (loader)

Read Write Erase Read Write Erase

Main 
memory

1 Yes Yes Yes No No No

2 Yes Yes Yes N/A N/A N/A

System 
memory

1 Yes No No Yes No No

2 Yes No No N/A N/A N/A

Option 
bytes

1 Yes Yes Yes Yes Yes Yes

2 Yes No No N/A N/A N/A

Backup 
registers

1 Yes Yes N/A(1)

1. Erased when RDP change from Level 1 to Level 0.

No No N/A(1)

2 Yes Yes N/A N/A N/A N/A

SRAM2
1 Yes Yes Yes(1) No No No(1)

2 Yes Yes Yes N/A N/A N/A
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Table 4. STM32L4R5xx modes overview (continued)

Mode Regulator(1) CPU Flash SRAM Clocks DMA & Peripherals(2) Wakeup source
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3.25 LCD-TFT controller (LTDC)

The LCD-TFT display controller provides a 24-bit parallel digital RGB (red, green, blue) and 
delivers all signals to interface directly to a broad range of LCD and TFT panels with the 
following features:

• Two displays layers with dedicated FIFO (64 x 32-bit)

• Color look-up table (CLUT) up to 256 colors (256 x 24-bit) per layer

• Up to 8 input color formats selectable per layer

• Flexible blending between two layers using alpha value (per pixel or constant)

• Flexible programmable parameters for each layer

• Color keying (transparency color)

• Up to four programmable interrupt events

3.26 DSI Host (DSIHOST)

The DSI Host is a dedicated IP that interfaces with the MIPI® DSI compliant displays. It 
includes a dedicated video interface internally connected to the LTDC and a generic APB 
interface that can be used to transmit information to the display.

The interfaces are as follows:

• LTDC interface:

– Used to transmit information in Video Mode, in which the transfers from the host 
processor to the peripheral take the form of a real-time pixel stream (DPI)

– Used to transmit information in full bandwidth in the Adapted Command Mode 
(DBI) through a custom mode

• APB slave interface:

– Allows the transmission of generic information in Command mode, and follows a 
proprietary register interface

– Can operate concurrently with either LTDC interface in either Video Mode or 
Adapted Command Mode

• Video mode pattern generator:

– Allows the transmission of horizontal/vertical color bar and D-PHY BER testing 
pattern without any kind of stimuli
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Figure 13. STM32L4R9xx LQFP144 pinout(1)

1. The above figure shows the package top view.
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Table 15. STM32L4Rxxx pin definitions 
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Table 15. STM32L4Rxxx pin definitions (continued)
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54 K10 K10 76 76 J3 M12 M12 51 72 J9 J3 J3 L10 PB15 I/O FT -

RTC_REFIN, 
TIM1_CH3N, 
TIM8_CH3N, 
SPI2_MOSI, 

DFSDM1_CKIN2, 
TSC_G1_IO4, 
SAI2_SD_A, 
TIM15_CH2, 
EVENTOUT

-

- - - - - M2 L12 L12 - - - M2 M2 - VDD S - - - -

- - - - - - - - 52 73 - - - M13
VDDDS

I
S - - - -

- - - - - - L13 L13 - - - - - - VSS S - - - -

- - - - - - - - 53 74 L12 L3 L3 L13
VCAPD

SI
S - - - -

- - - - - - - - 54 75 K11 L1 L1 L11
DSI_D0

P
I/O - (3) - -

- - - - - - - - 55 76 K12 L2 L2 L12
DSI_D0

N
I/O - (3) - -

- - - - - - - - 56 77 - - - J13 VSSDSI S - - - -

- - - - - - - - 57 78 J11 K1 K1 K11
DSI_CK

P
I/O - (3) - -

Table 15. STM32L4Rxxx pin definitions (continued)
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59 J10 J10 81 81 F4 K11 K11 - 85 G9 F4 F4 J8 PD12 I/O FT_fl -

TIM4_CH1, I2C4_SCL, 
USART3_RTS_DE, 

TSC_G6_IO3, 
LCD_R7, FMC_A17, 

SAI2_FS_A, 
LPTIM2_IN1, 
EVENTOUT

-

60 H12 H12 82 82 G3 K13 K13 - 86 G10 G3 G3 H8 PD13 I/O FT_fl -

TIM4_CH2, 
I2C4_SDA, 

TSC_G6_IO4, 
FMC_A18, 

LPTIM2_OUT, 
EVENTOUT

-

- - - 83 83 G1 H12 H12 - 87 - G1 G1 H12 VSS S - - - -

- - - 84 84 G2 G13 G13 - 88 G12 G2 G2 H13 VDD S - - - -

61 H11 H11 85 85 F3 K10 K10 63 89 G8 F3 F3 H11 PD14 I/O FT -
TIM4_CH3, LCD_B2, 
FMC_D0, EVENTOUT

-

62 H10 H10 86 86 F1 H11 H11 64 90 G7 F1 F1 H10 PD15 I/O FT -
TIM4_CH4, LCD_B3, 
FMC_D1, EVENTOUT

-

- G10 G10 87 87 F2 J12 J12 - 91 F12 F2 F2 H9 PG2 I/O FT_s -
SPI1_SCK, FMC_A12, 

SAI2_SCK_B, 
EVENTOUT

-

Table 15. STM32L4Rxxx pin definitions (continued)
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Port H

PH0 - - - - - - - EVENTOUT

PH1 - - - - - - - EVENTOUT

PH2 - - - - - - - EVENTOUT

PH3 - - - - - - - EVENTOUT

PH4 - - - - - - - EVENTOUT

PH5 - - DCMI_PIXCLK - - - - EVENTOUT

PH6 - - DCMI_D8 - - - - EVENTOUT

PH7 - - DCMI_D9 - - - - EVENTOUT

PH8 - - DCMI_HSYNC - - - - EVENTOUT

PH9 - - DCMI_D0 - - - - EVENTOUT

PH10 - - DCMI_D1 - - - - EVENTOUT

PH11 - - DCMI_D2 - - - - EVENTOUT

PH12 - - DCMI_D3 - - - - EVENTOUT

PH13 - CAN1_TX - - - - - EVENTOUT

PH14 - - DCMI_D4 - - - - EVENTOUT

PH15 - - DCMI_D11 - - - - EVENTOUT

Table 17. Alternate function AF8 to AF15(1) (continued)

Port

AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15

UART4/5/
LPUART1/

CAN2
CAN1/TSC

OTG_FS/DCMI/
OCTOSPI_P1/P2

LCD
SDMMC/

COMP1/2/
FMC

SAI1/2
TIM2/15/16/17/

LPTIM2
EVENOUT



DS12023 Rev 4 135/310

STM32L4R5xx, STM32L4R7xx and STM32L4R9xx Memory mapping

139

5 Memory mapping 

Figure 23. STM32L4R5xx, STM32L4R7xx and STM32L4R9xx memory map

MSv44746V1

Reserved

0xFFFF FFFF

0xE000 0000

0xC000 0000

0xA000 0000

0x8000 0000

0x6000 0000

OctoSPI bank2

0x4000 0000

0x2000 0000

0x0000 0000

0

1

2

3

4

5

6

7
Cortex™-M4

with FPU 
Internal 

Peripherals

Peripherals

SRAM1

CODE

Reserved

Reserved

FMC and 
OctoSPI 
registers

0x9000 0000

OctoSPI bank1

Reserved

0x2004 0000
SRAM2

OTP area

System memory

Flash memory

Flash, system memory 
or SRAM, depending on 

BOOT configuration

AHB2

AHB1

APB2

APB1

0x5006 0C00

0x4800 0000

0x4002 4400

0x4002 0000

0x4001 6400

0x4001 0000

0x4000 9800

0x4000 0000

0x1FFF FFFF

0x1FFF F810

0x1FFF 0000

0x0810 0000

0x0800 0000

0x0010 0000

0x0000 0000

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

0x1001 0000

0x1000 0000
SRAM2

Option Bytes

System memory

Options Bytes

0x1FFF F800

0x1FFF 7000

0x1FFF 7400

0x1FFF 7800

0x1FFF 7810

0x1FFF 8000

0x1FFF F000

Reserved

Reserved

OctoSPI registers

FMC registers

0xBFFF FFFF

0xA000 1800

0xA000 1000

0xA000 0000

Reserved

Reserved

Reserved

Reserved
0x5FFF FFFF

FMC bank3

FMC bank1
0x7000 0000

SRAM3

0x2003 0000

0x200A 0000

GFXMMU 
Virtual Buffer0x3000 0000

0x2FFF FFFF



S
T

M
3

2L
4

R
5x

x
, S

T
M

3
2L

4
R

7x
x

 a
n

d
 S

T
M

3
2L

4
R

9
xx

E
le

ctric
al ch

a
rac

te
ris

tic
s

D
S

1
202

3 R
ev 4

1
55/310

Table 30. Current consumption in Run and Low-power run modes,
code with data processing running from Flash in single bank, ART disable 

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 4.00 4.40 5.55 7.20 10.0 4.60 5.5 7.5 11.0 17.0

mA

16 MHz 2.65 3.05 4.15 5.80 8.75 3.10 4.0 6.0 9.3 16.0

8 MHz 1.50 1.85 2.90 4.45 7.25 1.80 2.6 4.6 7.9 14.0

4 MHz 0.875 1.25 2.35 3.95 6.90 1.20 1.9 3.9 7.2 14.0

2 MHz 0.565 0.925 2.05 3.65 6.55 0.77 1.6 3.6 6.8 13.0

1 MHz 0.405 0.770 1.90 3.50 6.40 0.60 1.4 3.4 6.7 13.0

100 KHz 0.265 0.635 1.75 3.35 6.25 0.44 1.2 3.2 6.5 13.0

Range 1 

Boost Mode
120 MHz 18.5 19.5 21.0 23.5 27.0 21.00 23.0 26.0 30.0 38.0

Range 1 

Normal 
Mode

80 MHz 13.0 13.5 15.5 17.5 21.0 15.00 17.0 19.0 23.0 30.0

72 MHz 12.0 12.5 14.0 16.0 20.0 14.00 15.0 18.0 22.0 29.0

64 MHz 10.5 11.0 12.5 15.0 18.5 12.00 14.0 16.0 20.0 28.0

48 MHz 8.75 9.30 11.0 13.0 16.5 9.80 12.0 14.0 18.0 25.0

32 MHz 6.20 6.70 8.20 10.0 14.0 7.00 8.2 11.0 15.0 22.0

24 MHz 4.70 5.20 6.70 10.5 12.5 5.40 6.5 9.0 13.0 20.0

16 MHz 3.35 3.85 5.25 7.30 11.0 3.90 4.9 7.4 12.0 19.0

IDD 
(LPRun)

Supply 
current in 
Low-power 
run mode

fHCLK = fMSI 

all peripherals disable

2 MHz 595 1000 2300 4150 7350 810.00 1700 4100 7800 15000

µA
1 MHz 370 800 2100 3950 7150 560.00 1500 3900 7600 14000

400 KHz 245 705 2000 3850 7050 420.00 1400 3800 7500 14000

100 KHz 230 655 1950 3800 7000 400.00 1400 3700 7400 14000

1. Guaranteed by characterization results, unless otherwise specified.
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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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tWUSTOP1

Wake up time 
from Stop 1 

mode to Run in 
Flash

Range 1
Wakeup clock MSI = 48 MHz 12.6 14.5

µs

Wakeup clock HSI16 = 16 MHz 12.2 14.0

Range 2

Wakeup clock MSI = 24 MHz 22.1 24.1

Wakeup clock HSI16 = 16 MHz 21.3 23.3

Wakeup clock MSI = 4 MHz 25.1 27.1

Wake up time 
from Stop 1 

mode to Run 
mode in 

SRAM1

Range 1
Wakeup clock MSI = 48 MHz 5.3 7.0

Wakeup clock HSI16 = 16 MHz 6.2 8.0

Range 2

Wakeup clock MSI = 24 MHz 5.8 7.5

Wakeup clock HSI16 = 16 MHz 6.2 8.0

Wakeup clock MSI = 4 MHz 10.9 12.6

Wake up time 
from Stop 1 

mode to Low-
power run 

mode in Flash

Regulator 
in low-
power

mode 
(LPR=1 in 
PWR_CR1

)

Wakeup clock MSI = 2 MHz

20.4 22.4

Wake up time 
from Stop 1 

mode to Low-
power run 

mode in 
SRAM1

16.8 19.0

tWUSTOP2

Wake up time 
from Stop 2 

mode to Run 
mode in 

Flash

Range 1
Wakeup clock MSI = 48 MHz 13.1 14.8

µs

Wakeup clock HSI16 = 16 MHz 12.6 14.4

Range 2

Wakeup clock MSI = 24 MHz 22.6 24.6

Wakeup clock HSI16 = 16 MHz 21.7 23.7

Wakeup clock MSI = 4 MHz 25.8 27.9

Wake up time 
from Stop 2 

mode to Run 
mode in 

SRAM1

Range 1
Wakeup clock MSI = 48 MHz 5.8 7.5

Wakeup clock HSI16 = 16 MHz 6.9 8.5

Range 2

Wakeup clock MSI = 24 MHz 6.4 8.0

Wakeup clock HSI16 = 16 MHz 6.9 8.5

Wakeup clock MSI = 4 MHz 11.9 13.6

Table 53. Low-power mode wakeup timings(1) (continued)

Symbol Parameter Conditions Typ Max Unit
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Note: For information on selecting the crystal, refer to the application note AN2867 “Oscillator 
design guide for ST microcontrollers” available from the ST website www.st.com.

Figure 31. Typical application with an 8 MHz crystal

1. REXT value depends on the crystal characteristics.

Low-speed external clock generated from a crystal resonator

The low-speed external (LSE) clock can be supplied with a 32.768 kHz crystal resonator 
oscillator. All the information given in this paragraph are based on design simulation results 
obtained with typical external components specified in Table 59. In the application, the 
resonator and the load capacitors have to be placed as close as possible to the oscillator 
pins in order to minimize output distortion and startup stabilization time. Refer to the crystal 
resonator manufacturer for more details on the resonator characteristics (frequency, 
package, accuracy).

MS19876V1

(1)

OSC_IN

OSC_OUT

RF

Bias 
controlled 

gain

fHSE

REXT

8 MHz 
resonator

Resonator with integrated 
capacitors

CL1

CL2
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All I/Os are CMOS- and TTL-compliant (no software configuration required). Their 
characteristics cover more than the strict CMOS-technology or TTL parameters. The 
coverage of these requirements is shown in Figure 38 for standard I/Os, and in Figure 38 for 
5 V tolerant I/Os.

Figure 38. I/O input characteristics

Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to ±8 mA, and sink or 
source up to ± 20 mA (with a relaxed VOL/VOH).

1. Refer to Figure 38: I/O input characteristics.

2. Tested in production.

3. Guaranteed by design.

4. Max(VDDXXX) is the maximum value of all the I/O supplies. Refer to Table: Legend/Abbreviations used in 
the pinout table.

5. All TX_xx IO except FT_lu, FT_u, PB2 and PC3.

6. This value represents the pad leakage of the IO itself. The total product pad leakage is provided by this 
formula: 
ITotal_Ileak_max = 10 µA + [number of IOs where VIN is applied on the pad] ₓ Ilkg(Max).

7. To sustain a voltage higher than MIN(VDD, VDDA, VDDUSB, VLCD) +0.3 V, the internal Pull-up and Pull-Down 
resistors must be disabled.

8. Refer to Ibias in Table 92: OPAMP characteristics for the values of the OPAMP dedicated input leakage 
current.

9. Pull-up and pull-down resistors are designed with a true resistance in series with a switchable 
PMOS/NMOS. This PMOS/NMOS contribution to the series resistance is minimal (~10% order).

MSv37613V1

Tested in production CMOS requirement Vih min = 0.7xVDDIOx

Based on simulation Vih min = 0.61xVDDIOx+0.05 for 1.08<VDDIOx<1.62 or 0.49xVDDIOx+0.26 for VDDIOx>1.62

Based on simulation Vil max =0.43xVDDIOx-0.1 for 1.08<VDDIOx<1.62 or  0.39xVDDIOx-0.06 for VDDIOx>1.62

Tested in production CMOS requirement Vil max = 0.3xVdd

TTL requirement Vih min = 2V

TTL requirement Vil max = 0.8V
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6.3.26 Temperature sensor characteristics

          

6.3.27 VBAT monitoring characteristics

          

          

Table 93. TS characteristics 

Symbol Parameter Min Typ Max Unit

TL
(1)

1. Guaranteed by design.

VTS linearity with temperature - ±1 ±2 °C

Avg_Slope(2)

2. Guaranteed by characterization results.

Average slope 2.3 2.5 2.7 mV/°C

V30 Voltage at 30°C (±5 °C)(3)

3. Measured at VDDA = 3.0 V ±10 mV. The V30 ADC conversion result is stored in the TS_CAL1 byte. Refer to 
Table 8: Temperature sensor calibration values.

0.742 0.76 0.785 V

tSTART
(TS_BUF)(1)

Sensor Buffer Start-up time in continuous 
mode(4)

4.  Continuous mode means Run/Sleep modes, or temperature sensor enable in Low-power run/Low-power 
sleep modes.

- 8 15 µs

tSTART
(1) Start-up time when entering in continuous 

mode(4) - 70 120 µs

tS_temp
(1) ADC sampling time when reading the 

temperature
5 - - µs

IDD(TS)(1) Temperature sensor consumption from VDD, 
when selected by ADC

- 4.7 7 µA

Table 94. VBAT monitoring characteristics 

Symbol Parameter Min Typ Max Unit

R Resistor bridge for VBAT - 39 - kΩ

Q Ratio on VBAT measurement - 3 - -

Er(1)

1. Guaranteed by design.

Error on Q -10 - 10 %

tS_vbat
(1) ADC sampling time when reading the VBAT 12 - - µs

Table 95. VBAT charging characteristics 

Symbol Parameter Conditions Min Typ Max Unit

RBC

Battery 
charging 
resistor 

VBRS = 0 - 5 -
kΩ

VBRS = 1 - 1.5 -
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Figure 44. SPI timing diagram - slave mode and CPHA = 0

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

tv(SO)
Data output valid time

Slave mode  
2.7 V < VDD < 3.6 V 
Voltage Range V1

- 13 15

ns

Slave mode  
1.71 V < VDD < 3.6 V 
Voltage Range V1

- 10 23

Slave mode  
1.71 V < VDD < 3.6 V 
Voltage Range V2

- 13 25

Slave mode  
1.08 V < VDD < 1.32 V(3) - 29 39

tv(MO) Master mode - 2 4

th(SO)
Data output hold time

Slave mode 1.71 V < VDD < 3.6 V 7 - -

Slave mode 1.08 < VDD < 1.32 V(3) 26 - -

th(MO) Master mode 1 - -

1. Guaranteed by characterization results.

2. The maximum frequency in Slave transmitter mode is determined by the sum of tv(SO) and tsu(MI) which has to fit into 
SCK low or high-phase preceding the SCK sampling edge. This value can be achieved when the SPI communicates with a 
master having tsu(MI) = 0 while Duty(SCK) = 50%. 

3. SPI mapped on Port G.

Table 101. SPI characteristics(1) (continued)

Symbol Parameter Conditions Min Typ Max(2) Unit

MSv41658V1

NSS input

CPHA=0
CPOL=0

S
C

K
 in

pu
t

CPHA=0
CPOL=1

MISO output

MOSI input

tsu(SI)

th(SI)

tw(SCKL)

tw(SCKH)

tc(SCK)

tr(SCK)

th(NSS)

tdis(SO)

tsu(NSS)

ta(SO) tv(SO)

Next bits IN

Last bit OUT

First bit IN

First bit OUT Next bits OUT

th(SO) tf(SCK)

Last bit IN
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tw(CKH) OctoSPI clock high 
and low time

-
t(CK)/2-1 - t(CK)/2+0.5

ns

tw(CKL) t(CK)/2-0.5 - t(CK)/2+0.5

tv(CK) Clock valid time - - - t(CK)+1

th(CK) Clock hold time - t(CK)/2-0.5 - -

tw(CS)
Chip select high 
time

- 3 x t(CK) - -

tv(DQ)
Data input vallid 
time

- 0 - -

tv(DS)
Data storbe input 
valid time

- 0 - -

th(DS)
Data storbe input 
hold time

- 0 - -

tv(RWDS)
Data storbe output 
valid time

- - - 3 x t(CK)

tsr(IN)
tsf(IN)

Data input  
setup time

Voltage Range 1 -3.5 - t(CK)/2-5.75(3)

Voltage Range 2 -5.5 - t(CK)/2-9(3)

thr(IN)
thf(IN)

Data input  
hold time

Voltage Range 1 5.75 - -

Voltage Range 2 9 - -

tvr(OUT)

tvf(OUT)

Data output  
valid time

Voltage Range 1

DHQC = 0

-

4.5 6

ns

DHQC = 1

Pres=1,2 ...
tpclk/4+1.

5
tpclk/4+2.25

Voltage Range 2 DHQC = 0 8 11

thr(OUT)

thf(OUT)

Data output  
hold time

Voltage Range 1

DHQC = 0 0.5 - -

DHQC = 1

Pres=1,2 ...
tpclk/4-1.75 - -

Voltage Range 2 DHQC = 0 0.75 - -

1. Guaranteed by characterization results.

2. Maximum frequency values are given for a RWDS to DQ skew of maximum +/-1.0 ns.

3. Data input setup time maximum does not take into account Data level switching duration.

Table 122. OctoSPI characteristics in DTR mode (with DQS)(1)/Octal and Hyperbus (continued)

Symbol Parameter  Conditions  Min Typ Max(2) Unit
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Figure 83. WLCSP - 144 bump, 5.24x 5.24 mm, 0.40 mm pitch, wafer level chip scale,
recommended footprint

1. Dimensions are expressed in millimeters.

Table 132. WLCSP - 144 bump, 5.24x 5.24 mm, 0.40 mm pitch, wafer level chip scale,
mechanical data 

Symbol
millimeters inches(1)

1. Values in inches are converted from mm and rounded to 3 decimal digits.

Min Typ Max Min Typ Max

A - - 0.59 - - 0.023

A1 - 0.18 - - 0.007 -

A2 - 0.38 - - 0.015 -

A3 - 0.025(2)

2. A3 value is guaranteed by technology design value.

- - 0.0010 -

b 0.22 0.25 0.28 0.009 0.010 0.011

D 5.22 5.24 5.26 0.205 0.206 0.207

E 5.22 5.24 5.26 0.205 0.206 0.207

e - 0.40 - - 0.016 -

e1 - 4.40 - - 0.173 -

e2 - 4.40 - - 0.173 -

F - 0.420(3)

3. This value is calculated from over value D and e1.

- - 0.0165 -

G - 0.420(4)

4. This value is calculated from over value E and e2.

- - 0.0165 -

aaa - - 0.10 - - 0.004

bbb - - 0.10 - - 0.004

ccc - - 0.10 - - 0.004

ddd - - 0.05 - - 0.002

eee - - 0.05 - - 0.002

A085_WLCSP144_FP_V1

Dpad
Dsm


