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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"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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Peripherals Brown-out Detect/Reset, DMA, I²S, POR, PWM, WDT

Number of I/O 138

Program Memory Size 512KB (512K x 8)

Program Memory Type FLASH

EEPROM Size -

RAM Size 256K x 8

Voltage - Supply (Vcc/Vdd) 1.7V ~ 3.6V

Data Converters A/D 24x12b; D/A 2x12b

Oscillator Type Internal

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 201-UFBGA
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2.1 Full compatibility throughout the family

The STM32F732xx devices are fully pin-to-pin, compatible with the STM32F7x5xx, 
STM32F7x6xx, STM32F7x7xx devices.

The STM32F732xx devices are fully pin-to-pin, compatible with the STM32F4xxxx devices, 
allowing the user to try different peripherals, and reaching higher performances (higher 
frequency) for a greater degree of freedom during the development cycle.

Figure 1 and Figure 2 give compatible board designs between the STM32F732xx and 
STM32F4xx families.

Figure 1. Compatible board design for LQFP100 package 
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3.16.2 Regulator OFF

This feature is available only on packages featuring the BYPASS_REG pin. The regulator is 
disabled by holding BYPASS_REG high. The regulator OFF mode allows to supply 
externally a V12 voltage source through VCAP_1 and VCAP_2 pins.

Since the internal voltage scaling is not managed internally, the external voltage value must 
be aligned with the targeted maximum frequency.The two 2.2 µF ceramic capacitors should 
be replaced by two 100 nF decoupling capacitors.

When the regulator is OFF, there is no more internal monitoring on V12. An external power 
supply supervisor should be used to monitor the V12 of the logic power domain. The PA0 pin 
should be used for this purpose, and act as power-on reset on V12 power domain.

In regulator OFF mode, the following features are no more supported:

• PA0 cannot be used as a GPIO pin since it allows to reset a part of the V12 logic power 
domain which is not reset by the NRST pin.

• As long as PA0 is kept low, the debug mode cannot be used under power-on reset. As 
a consequence, PA0 and NRST pins must be managed separately if the debug 
connection under reset or pre-reset is required.

• The over-drive and under-drive modes are not available.

• The Standby mode is not available.

Table 3. Voltage regulator configuration mode versus device operating mode(1) 

1. ‘-’ means that the corresponding configuration is not available. 

Voltage regulator 
configuration

Run mode Sleep mode Stop mode Standby mode

Normal mode MR MR MR or LPR -

Over-drive 
mode(2)

2. The over-drive mode is not available when VDD = 1.7 to 2.1 V.

MR MR - -

Under-drive mode - - MR or LPR -

Power-down 
mode

- - - Yes
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Figure 17. STM32F732xx LQFP144 pinout  

1. The above figure shows the package top view.
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Figure 23. STM32F733xx UFBGA176 ballout (with OTG PHY HS)

1. The above figure shows the package top view.
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15 23 35 N2 41 J8 N2 K2 35 41 PA1 I/O FT -

TIM2_CH2, TIM5_CH2, 
USART2_RTS, UART4_RX, 

QUADSPI_BK1_IO3, 
SAI2_MCK_B, EVENTOUT

ADC1_IN1, 
ADC2_IN1, 
ADC3_IN1

16 24 36 P2 42 H8 P2 L2 36 42 PA2 I/O FT -
TIM2_CH3, TIM5_CH3, 

TIM9_CH1, USART2_TX, 
SAI2_SCK_B, EVENTOUT

ADC1_IN2, 
ADC2_IN2, 
ADC3_IN2, 

WKUP2

- - - F4 43 - F4 - - 43 PH2 I/O FT -

LPTIM1_IN2, 
QUADSPI_BK2_IO0, 

SAI2_SCK_B, FMC_SDCKE0, 
EVENTOUT

-

- - - G4 44 - G4 - - 44 PH3 I/O FT -
QUADSPI_BK2_IO1, 

SAI2_MCK_B, FMC_SDNE0, 
EVENTOUT

-

- - - H4 45 - H4 - - 45 PH4 I/O FTf (4) I2C2_SCL, OTG_HS_ULPI_NXT, 
EVENTOUT

-

- - - J4 46 - J4 - - 46 PH5 I/O FTf -
I2C2_SDA, SPI5_NSS, 

FMC_SDNWE, EVENTOUT
-

17 25 37 R2 47 H7 R2 M2 37 47 PA3 I/O FT (4)
TIM2_CH4, TIM5_CH4, 

TIM9_CH2, USART2_RX, 
OTG_HS_ULPI_D0, EVENTOUT

ADC1_IN3, 
ADC2_IN3, 
ADC3_IN3

18 26 38 - - K8 - G4 38 - VSS S - - - -

- - - L4 48 - L4 H5 - 48 BYPASS_REG I FT - - -

Table 10. STM32F732xx and STM32F733xx pin and ball definition (continued)
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19 27 39 K4 49 - K4 F4 39 49 VDD S - - - -

20 28 40 N4 50 G7 N4 J3 40 50 PA4 I/O TTa -

SPI1_NSS/I2S1_WS, 
SPI3_NSS/I2S3_WS, 

USART2_CK, OTG_HS_SOF, 
EVENTOUT

ADC1_IN4, 
ADC2_IN4, 
DAC_OUT1

21 29 41 P4 51 F6 P4 K3 41 51 PA5 I/O TTa (4)

TIM2_CH1/TIM2_ETR, 
TIM8_CH1N, 

SPI1_SCK/I2S1_CK, 
OTG_HS_ULPI_CK, EVENTOUT

ADC1_IN5, 
ADC2_IN5, 
DAC_OUT2

22 30 42 P3 52 G6 P3 L3 42 52 PA6 I/O FT -
TIM1_BKIN, TIM3_CH1, 
TIM8_BKIN, SPI1_MISO, 
TIM13_CH1, EVENTOUT

ADC1_IN6, 
ADC2_IN6

23 31 43 R3 53 K7 R3 M3 43 53 PA7 I/O FT -

TIM1_CH1N, TIM3_CH2, 
TIM8_CH1N, 

SPI1_MOSI/I2S1_SD, 
TIM14_CH1, FMC_SDNWE, 

EVENTOUT

ADC1_IN7, 
ADC2_IN7

24 32 44 N5 54 H6 N5 J4 44 54 PC4 I/O FT -
I2S1_MCK, FMC_SDNE0, 

EVENTOUT
ADC1_IN14, 
ADC2_IN14

- 33 45 P5 55 J6 P5 K4 45 55 PC5 I/O FT - FMC_SDCKE0, EVENTOUT
ADC1_IN15, 
ADC2_IN15

Table 10. STM32F732xx and STM32F733xx pin and ball definition (continued)
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- - - C9 136 - C9 - - 136 VDD S - - - -

49 76 109 A14 137 C4 A14 A11 109 137
PA14(JTCK-

SWCLK)
I/O FT - JTCK-SWCLK, EVENTOUT -

50 77 110 A13 138 B4 A13 A10 110 138 PA15(JTDI) I/O FT -

JTDI, TIM2_CH1/TIM2_ETR, 
SPI1_NSS/I2S1_WS, 
SPI3_NSS/I2S3_WS, 

UART4_RTS, EVENTOUT

-

51 78 111 B14 139 A3 B14 B11 111 139 PC10 I/O FT -

SPI3_SCK/I2S3_CK, 
USART3_TX, UART4_TX, 

QUADSPI_BK1_IO1, 
SDMMC1_D2, EVENTOUT

-

52 79 112 B13 140 C5 B13 B10 112 140 PC11 I/O FT -

SPI3_MISO, USART3_RX, 
UART4_RX, 

QUADSPI_BK2_NCS, 
SDMMC1_D3, EVENTOUT

-

53 80 113 A12 141 D5 A12 C10 113 141 PC12 I/O FT -

TRACED3, 
SPI3_MOSI/I2S3_SD, 

USART3_CK, UART5_TX, 
SDMMC1_CK, EVENTOUT

-

- 81 114 B12 142 B5 B12 E10 114 142 PD0 I/O FT -
CAN1_RX, FMC_D2, 

EVENTOUT
-

- 82 115 C12 143 A4 C12 D10 115 143 PD1 I/O FT -
CAN1_TX, FMC_D3, 

EVENTOUT
-

Table 10. STM32F732xx and STM32F733xx pin and ball definition (continued)
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- - 143 C6 171 - C6 E5 143 171 PDR_ON S - - - -

64 100 144 C5 172 A9 C5 F5 144 172 VDD S - - - -

- - - D4 173 - D4 - - 173 PI4 I/O FT -
TIM8_BKIN, SAI2_MCK_A, 
FMC_NBL2, EVENTOUT

-

- - - C4 174 - C4 - - 174 PI5 I/O FT -
TIM8_CH1, SAI2_SCK_A, 
FMC_NBL3, EVENTOUT

-

- - - C3 175 - C3 - - 175 PI6 I/O FT -
TIM8_CH2, SAI2_SD_A, 
FMC_D28, EVENTOUT

-

- - - C2 176 - C2 - - 176 PI7 I/O FT -
TIM8_CH3, SAI2_FS_A, 
FMC_D29, EVENTOUT

-

- - - F6 - - F6 - - - VSS S - - - -

- - - F7 - - F7 - - - VSS S - - - -

- - - F8 - - F8 - - - VSS S - - - -

- - - F9 - - F9 - - - VSS S - - - -

- - - F10 - - F10 - - - VSS S - - - -

Table 10. STM32F732xx and STM32F733xx pin and ball definition (continued)
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PE10 D7 DA7 D7 D7

PE11 D8 DA8 D8 D8

PE12 D9 DA9 D9 D9

PE13 D10 DA10 D10 D10

PE14 D11 DA11 D11 D11

PE15 D12 DA12 D12 D12

PD8 D13 DA13 D13 D13

PD9 D14 DA14 D14 D14

PD10 D15 DA15 D15 D15

PH8 D16 - - D16

PH9 D17 - - D17

PH10 D18 - - D18

PH11 D19 - - D19

PH12 D20 - - D20

PH13 D21 - - D21

PH14 D22 - - D22

PH15 D23 - - D23

PI0 D24 - - D24

PI1 D25 - - D25

PI2 D26 - - D26

PI3 D27 - - D27

PI6 D28 - - D28

PI7 D29 - - D29

PI9 D30 - - D30

PI10 D31 - - D31

PD7 NE1 NE1 - -

PG9 NE2 NE2 NCE -

PG10 NE3 NE3 - -

PG11 - - - -

PG12 NE4 NE4 - -

PD3 CLK CLK - -

PD4 NOE NOE NOE -

PD5 NWE NWE NWE -

PD6 NWAIT NWAIT NWAIT -

Table 11. FMC pin definition (continued)

Pin name
NOR/PSRAM/SR

AM
NOR/PSRAM 

Mux
NAND16 SDRAM
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Port I

PI7 - - - TIM8_CH3 - - - - - - SAI2_FS_A - FMC_D29
EVEN
TOUT

PI8 - - - - - - - - - - - - -
EVEN
TOUT

PI9 - - - - - - - - UART4_RX CAN1_RX - - FMC_D30
EVEN
TOUT

PI10 - - - - - - - - - - - - FMC_D31
EVEN
TOUT

PI11 - - - - - - - - - -
OTG_HS_U

LPI_DIR
- -

EVEN
TOUT

PI12 - - - - - - - - - - - - -
EVEN
TOUT

PI13 - - - - - - - - - - - - -
EVEN
TOUT

PI14 - - - - - - - - - - - - -
EVEN
TOUT

PI15 - - - - - - - - - - - - -
EVEN
TOUT

Table 12.  STM32F732xx and STM32F733xx alternate function mapping (continued)

Port

AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF15

SYS TIM1/2 TIM3/4/5
TIM8/9/10/1
1/LPTIM1

I2C1/2/3/U
SART1

SPI1/I2S1/
SPI2/I2S2/
SPI3/I2S3/

SPI4/5

SPI2/I2S2/
SPI3/I2S3/
SPI3/I2S3/

SAI1/
UART4

SPI2/I2S2/S
PI3/I2S3/US
ART1/2/3/UA

RT5

SAI2/USART
6/UART4/5/7/
8/OTG1_FS

CAN1/TIM1
2/13/14/QU

ADSPI/
FMC/

OTG2_HS

SAI2/QUAD
SPI/SDMM
C2/OTG2_
HS/OTG1_

FS

SDMMC2

UART7/F
MC/SDM

MC1/
OTG2_FS

SYS
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6.3.3 Operating conditions at power-up / power-down (regulator ON)

Subject to general operating conditions for TA.

Table 20. Operating conditions at power-up / power-down (regulator ON)

6.3.4 Operating conditions at power-up / power-down (regulator OFF)

Subject to general operating conditions for TA.

          

6.3.5 Reset and power control block characteristics

The parameters given in Table 22 are derived from tests performed under ambient 
temperature and VDD supply voltage conditions summarized in Table 16.

Table 18. VCAP1/VCAP2 operating conditions(1) 

1. When bypassing the voltage regulator, the two 2.2 µF VCAP capacitors are not required and should be 
replaced by two 100 nF decoupling capacitors.

Symbol Parameter Conditions

CEXT Capacitance of external capacitor 2.2 µF

ESR ESR of external capacitor < 2 Ω

Table 19. VCAP1 operating conditions in the LQFP64 package(1) 

1. When bypassing the voltage regulator, the 4.7 µF VCAP capacitor is not required and should be replaced 
by two 100 nF decoupling capacitors.

Symbol Parameter Conditions

CEXT Capacitance of external capacitor 4.7 µF

ESR ESR of external capacitor between 0.1 Ω and 0.2 Ω

Symbol Parameter Min Max Unit

tVDD

VDD rise time rate 20 ∞
µs/V

VDD fall time rate 20 ∞

Table 21. Operating conditions at power-up / power-down (regulator OFF)(1) 

1. To reset the internal logic at power-down, a reset must be applied on pin PA0 when VDD reach below 
1.08 V.

Symbol Parameter Conditions Min Max Unit

tVDD

VDD rise time rate Power-up 20 ∞

µs/V
VDD fall time rate Power-down 20 ∞

tVCAP

VCAP_1 and VCAP_2 rise time rate Power-up 20 ∞

VCAP_1 and VCAP_2 fall time rate Power-down 20 ∞
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APB1

(up to 
54 MHz)

TIM2 19.3 18.2 15.6

µA/MHz

TIM3 15 14 12.2

TIM4 15.7 15.1 12.8

TIM5 18 16.9 14.4

TIM6 3.7 3.1 2.8

TIM7 3.5 2.9 2.5

TIM12 8.1 7.8 6.4

TIM13 6.1 5.1 4.7

TIM14 6.3 5.6 4.7

LPTIM1 9.4 9.8 8.3

WWDG 2.4 1.3 1.4

SPI2/I2S2(3) 6.7 6 5.3

SPI3/I2S3(3) 4.8 3.8 3.3

USART2 13.3 12 10.6

USART3 12.8 12 10.3

UART4 11.7 10.7 9.2

UART5 11.7 10.2 8.9

I2C1 10.6 9.6 8.3

I2C2 10.6 9.6 8.3

I2C3 10.7 9.8 8.3

CAN1 8.9 8 6.9

PWR 11.3 11.3 8.9

DAC(4) 6.1 5.1 4.4

UART7 13.3 12 10.3

UART8 12.6 11.6 9.7

Table 35. Peripheral current consumption (continued)

Peripheral
IDD(Typ)(1)

Unit
Scale 1  Scale 2  Scale 3 
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USB OTG HS and USB OTG HS PHY current consumption (on STM32F733xx 
devices)

The MCU is placed under the following conditions:

• STM32 MCU is enumerated as a HID device.

• fHCLK = 216 MHz (Scale 1 + over-drive ON), fHCLK = 168 MHz (Scale 2), 
fHCLK = 144 MHz (Scale 3)

The given value is calculated by measuring the difference of current consumption in 
case:

– USB is configured but no transfer is done.

– USB is configured and there is a transmission on going.

• Ambient operating temperature is 25 °C, VDD = VDDUSB = 3.3 V.

          

6.3.8 Wakeup time from low-power modes

The wakeup times given in Table 37 are measured starting from the wakeup event trigger up 
to the first instruction executed by the CPU:

• For Stop or Sleep modes: the wakeup event is WFE.

• WKUP (PA0) pin is used to wakeup from Standby, Stop and Sleep modes.

All timings are derived from tests performed under ambient temperature and VDD=3.3 V.

          

Table 36. USB OTG HS and USB OTG PHY HS current consumption 

-
IDD (Typ)

Unit
Scale 1 Scale 2 Scale 3

USB OTG HS and USB OTG HS PHY 
current consumption

50.16 44.92 38.98 mA

Table 37. Low-power mode wakeup timings 

Symbol Parameter Conditions Typ(1) Max(1) Unit

tWUSLEEP
(2) Wakeup from Sleep - 13 13

CPU 
clock 
cycles

tWUSTOP
(2)

Wakeup from Stop mode 
with MR/LP regulator in 
normal mode

Main regulator is ON 14 14.9

µs

Main regulator is ON and Flash 
memory in Deep power down mode

104.1 107.6

Low power regulator is ON 21.4 24.2

Low power regulator is ON and Flash 
memory in Deep power down mode

111.5 116.5
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Static latchup

Two complementary static tests are required on six parts to assess the latchup 
performance: 

• A supply overvoltage is applied to each power supply pin

• A current injection is applied to each input, output and configurable I/O pin

These tests are compliant with EIA/JESD 78A IC latchup standard.

          

6.3.19 I/O current injection characteristics

As a general rule, current injection to the I/O pins, due to external voltage below VSS or 
above VDD (for standard, 3 V-capable I/O pins) should be avoided during normal product 
operation. However, in order to give an indication of the robustness of the microcontroller in 
cases when abnormal injection accidentally happens, susceptibility tests are performed on a 
sample basis during device characterization.

Functional susceptibilty to I/O current injection 

While a simple application is executed on the device, the device is stressed by injecting 
current into the I/O pins programmed in floating input mode. While current is injected into 
the I/O pin, one at a time, the device is checked for functional failures. 

The failure is indicated by an out of range parameter: ADC error above a certain limit (>5 
LSB TUE), out of conventional limits of induced leakage current on adjacent pins (out of –
5 µA/+0 µA range), or other functional failure (for example reset, oscillator frequency 
deviation). 

Negative induced leakage current is caused by negative injection and positive induced 
leakage current by positive injection.

The test results are given in Table 60.

          

Table 59. Electrical sensitivities 

Symbol Parameter Conditions Class

LU Static latch-up class TA = +105 °C conforming to JESD78A II level A

Table 60. I/O current injection susceptibility 

Symbol Description

Functional susceptibility 

UnitNegative 
injection

Positive 
injection

IINJ

Injected current on BOOT0, PDR_ON, BYPASS_REG, 
OTG_HS_REXT

-0 0

mA

Injected current on NRST -0 NA(1)

Injected current on PF9, PF10, PH0_OSCIN, PH1_OSCOUT, PC0, 
PC1, PC2, PC3, PB14(2), PB15(2) -0 NA(1)

Injected current on any other FT or FTf pins -5 NA(1)

Injected current on any other pins -5 +5

1. Injection is not possible.
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Unless otherwise specified, the parameters given in Table 63 are derived from tests 
performed under the ambient temperature and VDD supply voltage conditions summarized 
in Table 16.

          

Table 63. I/O AC characteristics(1)(2) 

OSPEEDRy
[1:0] bit 
value(1)

Symbol Parameter Conditions Min Typ Max Unit

00

fmax(IO)out Maximum frequency(3)

CL = 50 pF, VDD ≥ 2.7 V - - 4

MHz

CL = 50 pF, VDD ≥ 1.7 V - - 2

CL = 10 pF, VDD ≥ 2.7 V - - 8

CL = 10 pF, VDD ≥ 1.8 V - - 4

CL = 10 pF, VDD ≥ 1.7 V - - 3

tf(IO)out/
tr(IO)out

Output high to low level fall 
time and output low to high 
level rise time

CL = 50 pF, VDD = 1.7 V to 
3.6 V

- - 100 ns

01

fmax(IO)out Maximum frequency(3)

CL = 50 pF, VDD≥ 2.7 V - - 25

MHz

CL = 50 pF, VDD≥ 1.8 V - - 12.5

CL = 50 pF, VDD≥ 1.7 V - - 10

CL = 10 pF, VDD ≥ 2.7 V - - 50

CL = 10 pF, VDD≥ 1.8 V - - 20

CL = 10 pF, VDD≥ 1.7 V - - 12.5

tf(IO)out/
tr(IO)out

Output high to low level fall 
time and output low to high 
level rise time

CL = 50 pF, VDD ≥ 2.7 V - - 10

ns
CL = 10 pF, VDD ≥ 2.7 V - - 6

CL = 50 pF, VDD ≥ 1.7 V - - 20

CL = 10 pF, VDD ≥ 1.7 V - - 10

10

fmax(IO)out Maximum frequency(3)

CL = 40 pF, VDD ≥ 2.7 V - - 50(4)

MHz

CL = 10 pF, VDD ≥ 2.7 V - - 100(4)

CL = 40 pF, VDD ≥ 1.7 V - - 25

CL = 10 pF, VDD ≥ 1.8 V - - 50

CL = 10 pF, VDD ≥ 1.7 V - - 42.5

tf(IO)out/
tr(IO)out

Output high to low level fall 
time and output low to high 
level rise time

CL = 40 pF, VDD ≥2.7 V - - 6

ns
CL = 10 pF, VDD ≥ 2.7 V - - 4

CL = 40 pF, VDD ≥ 1.7 V - - 10

CL = 10 pF, VDD ≥ 1.7 V - - 6
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SAI characteristics

Unless otherwise specified, the parameters given in Table 83 for SAI are derived from tests 
performed under the ambient temperature, fPCLKx frequency and VDD supply voltage 
conditions summarized in Table 16, with the following configuration:

• Output speed is set to OSPEEDRy[1:0] = 10

• Capacitive load C=30 pF

• Measurement points are performed at CMOS levels: 0.5VDD

Refer to Section 6.3.20: I/O port characteristics for more details on the input/output alternate 
function characteristics (SCK,SD,WS).

          

Table 83. SAI characteristics(1) 

Symbol Parameter Conditions Min Max Unit 

fMCKL SAI Main clock output   - 256x8K 256xFs

MHz
FCK SAI clock frequency(2) 

Master data: 32 bits - 128xFs(3)

Slave data: 32 bits - 128xFs(3)

tv(FS) FS valid time 

Master mode 

2.7≤VDD≤3.6V
- 18

ns

Master mode

1.71≤VDD≤3.6V
- 20

tsu(FS) FS setup time Slave mode 1 -

th(FS) FS hold time 
Master mode 7 -

Slave mode 0.5 -

tsu(SD_A_MR)
Data input setup time

Master receiver 1 -

tsu(SD_B_SR) Slave receiver 2.5 -

th(SD_A_MR)
Data input hold time 

Master receiver 3.5 -

th(SD_B_SR) Slave receiver 0.5 -

tv(SD_B_MT) Data output valid time 

Slave transmitter (after enable edge) 
2.7≤VDD≤3.6V

- 11

Slave transmitter (after enable edge) 
1.71≤VDD≤3.6V

- 18

th(SD_B_ST) Data output hold time Slave transmitter (after enable edge) 5 -

tv(SD_A_MT) Data output valid time 

Master transmitter (after enable edge) 
2.7≤VDD≤3.6V

- 16

Master transmitter (after enable edge) 
1.71≤VDD≤3.6V

- 18.5

th(SD_A_MT) Data output hold time Master transmitter (after enable edge) 7.5 -

1. Guaranteed by characterization results.

2. APB clock frequency must be at least twice SAI clock frequency.

3. With Fs = 192 KHz.
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Figure 62. Asynchronous multiplexed PSRAM/NOR read waveforms

Table 96. Asynchronous non-multiplexed SRAM/PSRAM/NOR write - NWAIT 
timings(1) 

1. Guaranteed by characterization results.

Symbol Parameter Min Max Unit

tw(NE) FMC_NE low time 8Thclk -1 8Thclk +1

ns
tw(NWE) FMC_NWE low time 6Thclk -1.5 6Thclk +0.5

tsu(NWAIT_NE) FMC_NWAIT valid before FMC_NEx high 6Thclk -1 -

th(NE_NWAIT)
FMC_NEx hold time after FMC_NWAIT 
invalid

4Thclk + 2 -

NBL

Data

FMC_ NBL[1:0]

FMC_ AD[15:0]

tv(BL_NE)

th(Data_NE)

AddressFMC_ A[25:16]

tv(A_NE)

FMC_NWE

tv(A_NE)

MS32755V1

Address

FMC_NADV

tv(NADV_NE)
tw(NADV)

tsu(Data_NE)

th(AD_NADV)

FMC_ NE

FMC_NOE

tw(NE)

tw(NOE)

tv(NOE_NE) th(NE_NOE)

th(A_NOE)

th(BL_NOE)

tsu(Data_NOE) th(Data_NOE)

FMC_NWAIT

tsu(NWAIT_NE)

th(NE_NWAIT)
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Figure 66. Synchronous non-multiplexed NOR/PSRAM read timings

          

Table 103. Synchronous non-multiplexed NOR/PSRAM read timings(1) 

Symbol Parameter Min Max Unit

tw(CLK) FMC_CLK period 2Thclk - 0.5 -

ns

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

td(CLKH-NExH) FMC_CLK high to FMC_NEx high (x= 0…2) Thclk +0.5 -

td(CLKL-NADVL) FMC_CLK low to FMC_NADV low - 0.5

td(CLKL-NADVH) FMC_CLK low to FMC_NADV high 0 -

td(CLKL-AV) FMC_CLK low to FMC_Ax valid (x=16…25) - 3

td(CLKH-AIV) FMC_CLK high to FMC_Ax invalid (x=16…25) Thclk -

td(CLKL-NOEL) FMC_CLK low to FMC_NOE low - 2

td(CLKH-NOEH) FMC_CLK high to FMC_NOE high Thclk -0.5 -

tsu(DV-CLKH) FMC_D[15:0] valid data before FMC_CLK high 0.5 -

th(CLKH-DV) FMC_D[15:0] valid data after FMC_CLK high 4 -

t(NWAIT-CLKH) FMC_NWAIT valid before FMC_CLK high 2 -

th(CLKH-NWAIT) FMC_NWAIT valid after FMC_CLK high 3 -

FMC_CLK

FMC_NEx

FMC_A[25:0]

FMC_NOE

FMC_D[15:0] D1 D2

FMC_NWAIT
(WAITCFG = 1b, 
WAITPOL + 0b)

FMC_NWAIT
(WAITCFG = 0b, 
WAITPOL + 0b)

tw(CLK) tw(CLK)

Data latency = 0
td(CLKL-NExL) td(CLKH-NExH)

td(CLKL-AV) td(CLKH-AIV)

td(CLKL-NOEL) td(CLKH-NOEH)

tsu(DV-CLKH) th(CLKH-DV)
tsu(DV-CLKH) th(CLKH-DV)

tsu(NWAITV-CLKH) th(CLKH-NWAITV)

tsu(NWAITV-CLKH) t h(CLKH-NWAITV)

tsu(NWAITV-CLKH) th(CLKH-NWAITV)

MS32759V1

FMC_NADV

td(CLKL-NADVL) td(CLKL-NADVH)



DS11854 Rev 4 215/227

STM32F732xx STM32F733xx Package information

223

UFBGA144 device marking

The following figure gives an example of topside marking orientation versus ball A1 identifier 
location.

Other optional marking or inset/upset marks, which identify the parts throughout supply 
chain operations, are not indicated below.

Figure 92. UFBGA144- 144-ball, 7 x 7 mm, 0.50 mm pitch
package top view example  

1. Parts marked as ES or E or accompanied by an engineering sample notification letter are not yet qualified 
and therefore not approved for use in production. ST is not responsible for any consequences resulting 
from such use. In no event will ST be liable for the customer using any of these engineering samples in 
production. ST’s Quality department must be contacted prior to any decision to use these engineering 
samples to run a qualification activity.

Product 
identification(1)

Ball 1 identifier Revision code

Date code

Y WW

R

Standard ST logo

STM32F

733ZEI6

MS44216V1
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IMPORTANT NOTICE – PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and 
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on 
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order 
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or 
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.
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