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Introduction

1

Introduction

1.1 Overview

The MM32F5280 microcontrollers are based on Arm China STAR-MC1 core. These
devices have a maximum clocked frequency of 120MHz, built-in up to 2.25MB Flash
storage (including 256KB on-chip Flash and 2MB QSPI Flash), 192KB SRAM, and contain
an extensive range of peripherals and I/O ports. These devices contain two 3MSPS 12-bit
ADC, two 12-bit DAC, three analog comparators, two 16-bit advanced timers, two 16-bit
and two 32-bit general purpose timers, two 16-bit basic timers and one low power timer,
and FSMC interface for memory expansion, as well as communication interfaces including
two 12C, three SPI or 12S, seven UART, one low power UART, one Ethernet 10/100M
controller, one USBFS 2.0 OTG controller with integrated PHY, and two FlexCAN interface.
The MM32F5280 has the following main differences compared to the MM32F5270:

¢ MM32F5280 does not have external QSPI pins, and the GPIO pins where the QSPI
functions are located are NC (no connection). For more information, please refer to the
“Pinout and assignment” section.

e The operating voltage of MM32F5280 is 2.7V to 3.6V, and the operating temperature
range is the extended industrial tier -40°C to 105°C. For more similarities and
differences in electrical characteristics, please refer to “Electrical characteristics”
section.

e The QSPI Flash of MM32F5280 needs to be configured before it can be used. For
more information, please refer to the corresponding software driver code.

MM32F5280 is available in LQFP144, LQFP100 and LQFP64 packages, suitable for

industrial control, elevator control, firefighting control, transportation, printer, scanner,

appliance control, motor control, clean robots, and other applications.

1.2 Key features

e Core and system
— Frequency up to 120MHz.
— 32-bit STAR-MC1 CPU, leveraging Arm®v8-M mainline ISA, with built-in single-
precision FPU and DSP.
— 4KB L1 instruction cache (I-Cache) and 4KB L1 data cache (D-Cache).

— One CORDIC module for trigonometric operation acceleration, support Sin, Cos
and Atan operation.

— Inter-module connection matrix MindSwitch, supporting direct connection or
trigger between timers, GP10s, EXTI, ADC, DAC and comparators. Built-in four

configurable logic units (CLU) supports logic combination between these signals
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for flexible trigger control.
Memory
— Up to 2.25MB embedded Flash storage.
— Up to 192KB SRAM, include 32KB ITCM, 32KB DTCM and 128KB system RAM.
— Embedded Bootloader to support In-System-Programming (ISP).

— One FSMC interface, support to extend multiple memory types including SRAM,
PSRAM, NOR Flash and multiple external display protocols include 8080 and
6800.

Clock, reset and power management
— Power supply ranges from 2.7 to 3.6V.

— Power-on and Power-down reset (POR/PDR), Brown-out reset (BOR),
Programmable voltage detector (PVD).

— 4 to 24MHz high speed crystal oscillator.
— 8MHz factory-trimmed high speed RC oscillator.

— Integrated PLL1 to generate system clock and support multiple prescaler rate to
provide clock sources to bus matrix and peripherals.

— Independent PLL2 to generate up to 100MHz clock and support multiple prescaler
rate to provide clock sources to USB and ADC.

— 40KHz low speed oscillator.
— External 32.768KHz low speed oscillator (with LSE Bypass function)
Low power

— Multiple low power modes including Low Power Run mode, Sleep mode, Low
Power Sleep mode, Stop mode, Deep Stop mode and Standby mode.

— Veat power supply for RTC and backup registers (20 x 16-bit)

Two DMA controllers each with 8 channels to support peripherals including timers,
ADC, DAC, UART, LPUART, I12C, SPI and FlexCAN.

Total 13 timers:

— Two 16-bit 4-channel advanced timer (TIM1 / TIM8), each channel providing two
PWM output including one complementary output, supports hardware dead-time
insertion and emergency brake when fault detected.

— Two 16-bit general purpose timer (TIM3 / TIM4) and two 32-bit general purpose
timer (TIM2 / TIM5), with up to four input capture or output compare channels and
can be used for infrared, hall sensor and encoder decode.

— Two 16-bit basic timers (TIM6 / TIM7) to work as general timer base and interrupt

generation.

— One 16-bit low power timer (LPTIM), able to wake up CPU in all low power modes

except for Standby mode.

— Two watchdog timers, including one independent watchdog (IWDG) and one
window watchdog (WWDG).
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— One 24-bit Systick timer.
— One RTC real-time clock
e Upto 112 fast I/O ports:
— All /O ports can be mapped to 16 external interrupts.

— All I/O ports can accept input or generate output signal voltage level lower than
Vop.

— Up to 85 5V tolerant I/O ports
e Upto 17 communication interfaces:
- Seven UART.
— One low power UART.
— Two I12C.
— Three SPI (support 12S mode).
— One USB2.0 FS OTG controller with built-in PHY.
— One 10/100M Ethernet MAC controller.
— Two FlexCAN module supports CAN 2.0B interface.

e Two 12-bit Analog-to-Digital converter (ADC), each up to 3MSPS conversion rate, in
total up to 21 external inputs and 2 internal inputs

Conversion range: 0 to Vppa.

Configurable sampling cycles and resolution.

Hardware oversampling, 2 to 256 configurable.

On-chip temperature sensor.

On-chip voltage sensor.

Veat VOltage sensor
e Two 12-bit digital-to-analog converter (DAC)
e Three high speed analog comparators
e Embedded CRC engine
e 96-bit unique chip ID (UID)
e Debug mode
— Serial-debug-interface (SWD).
e Available in LQFP144, LQFP100 and LQFP64 packages
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2 Ordering information

2.1

Table 2-1 Ordering table

Ordering table

Part numbers MM32F5287
Features K7PV K8PV K9PV L7PV L8PV L9PV
Core type 32-bit Arm China STAR-MC1, Arm®y8-M Mainline ISA
CPU frequency 120 MHz
Flash bank 1 — KB 256 256 256 256 256 256
Flash bank 2 — KB 1024 1024 1024 2048 2048 2048
SRAM - KB (ITCM/DTCM) 192 (32/32) 192 (32/32) 192 (32/32) 192 (32/32) 192 (32/32) 192 (32/32)
DMA 2x 8ch 2x 8ch 2x 8ch 2x 8ch 2x 8ch 2x 8ch
CORDIC \ \ \/ \ V \
16-bit GP 2 2 2 2 2 2
32-bit GP 2 2 2 2 2 2
Timers 16-1b5i;t Ei\sic 2 2 2 2 2 2
advanclzed 2 2 C 2 2 2
1%‘3&5"" 1 1 1 1 1 1
UART 7 7 7 7 7 7
LPUART 1 1 1 1 1 1
12C 2 2 2 2 2 2
SPI /128 3 3 3 3 3 3
Interfaces Usg?r'g FS 1 1 1 1 1 1
Eihernet 1 1 1 1 1 1
FlexCAN 2 2 2 2 2 2
rowe | O oppaeReesmor [ v | Cnompeeemae0er [
GPIO (5V tolerant) 54 (32) 86 (61) 112 (85) 54 (32) 86 (61) 112 (85)
Modules 2 2 2 2 2 2
Speed 3MSPS 3MSPS 3MSPS 3MSPS 3MSPS 3MSPS
12-bitADC 1 channels 16 19 21 16 19 21
Sa?n‘g’l'irng 2t0 256 2 to 256 20 256 2 to 256 2 to 256 2to 256
12-bit DAC 2
Comparator
Supply voltage 2.7V to 3.6V
Temperature range -40°C to +105°C
Package LQFP64 LQFP100 LQFP144 LQFP64 LQFP100 LQFP144
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2.2 Marking information

£%9 MM32
FE287xxxt

XXXXXXXP
Pinlindex — |, @ yyww

Figure 2-1 LQFP package marking

LQFP package has the following topside marking:
e 1stline: MM32

— Company logo + first part of product name.
e 2"line: F528xxxxt

— Second part of product name, “t” means temperature range, “t” = “V” means -40 to
105°C ambient temperature range, “t” = (blank) means -40 to 85°C ambient

temperature range.
o 3d]ine: XXXXXXXI
— Trace code + revision code, the “r" means chip revision.
e 4% line: yyww

— Date code, “yy” means year and “ww” means week in date code.
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2.3 Part identification

MM32 FE 5

Device family

MM32 = MindMotion's 32-bit Microcontroller

Product type

F = General Purpose & High Performance

Core type

<

5 = Arm China STAR-MC1

Product Series

28 = 28 Series

Interface Configuration

7 = Ethernet, USB, CAN

Flash size

L =2~2.25MB
K=1.25~1.5MB

Pins

9 = 144Pin
8 = 100Pin
7 = 64Pin

Package

P =LQFP

Temperature

V = -40°C ~ 105°C
(blank) = -40°C ~ 85°C

Figure 2-2 Part number naming rule

DS_MM32F5280_ver0.6 www.mm32mcu.com




Functional description

3

Functional description

3.1 Block diagram
Q;QRC'I\]/IIE? | skBITCM |
; USB2.0
DMAL/2 Upto120MHz K[ 32kBDTCM |
16 CH FPU DSP FSMC OTG FS Ethernet
—_————— 112KB 16KB
4KB ICache 4KB DCache SRAM1 SRAM2
P ¥ I I ¥ ¥ 1
3 g JL
M M M M S S S S M M
Bus Matrix
S S i
corbic Kk )| cro Q(SEI
PLL1,2 _ 256KB capable)
HSI 8Mz g Flash 2MB
LSI 40KHz x Eiash
=
HSE4~2aMHz | ,] Rrec K=RK= crc
LSE 32KHz 2
2
<
AHB-APB AHB-APB
APB1 APB2
AN 75
A N
CRS K= f—— PWR TIML8 K== K== SYsCFG
A N
RTC (== = Tm2:34 spil k=K== ExTI
BKP K== TIMS
N UARTL Ke=——=N—=) LPUART
wwDG K== & N UART2,3 =
5 UARTE K NN D Mindswitch
Nl N '@
WDG g UART4S A N COMP
SR ADC1,2 K >R ¢ A 103
TIMe KD UART7
FlexCAN2
A N AJ L4
TIM? K= fF— SPI23
A N
DAC1,2 K K ) 12C1,2 Vv
K——>| FlexCAN1

Figure 3-1 System block diagram
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Table 3-1 Memory map

3.2 Core introduction

The Arm China STAR-MC1 processor is licensed from Arm China. This processor is a 32-
bit CPU based on Arm®v8-M Mainline Instruction Set Architecture (ISA) and has built-in
single-precision Floating Point Unit (FPU) and Digital Signal Processing (DSP) extension,
provides real-time processing and advanced interrupt handling system, achieves a balance
of performance and power efficiency, which is perfect for real-time control applications.

3.3 Cache introduction

4KB level-1 instruction cache (L1 I-Cache) and 4KB level-1 data cache (L1 D-Cache) are
tightly coupled with the processor, which can significantly improve the code execution
efficiency when code is running from embedded Flash or external memory.

3.4 Bus introduction

The bus matrix includes one AHB inter-connection bus matrix, one AHB bus and two AHB-
to-APB bridges. The bus matrix has arbitration capability for scenarios when both CPU and
DMA send access simultaneously. The peripherals on the AHB bus (e.g., RCC, GPIO,
CRC) are connected to the system bus through the inter-connection matrix. The data are
transferred between AHB and APB bus using an AHB-to-APB bridge. When there’s 8-bit
or 16-bit access to APB registers, the APB bus will extend the access to 32-bit
automatically.

3.5 Memory map

Bus Address range Size Peripheral
0x0000 0000 - 0x0007 FFFF 32 KB ITCM
0x0008 0000 - 0x000F FFFF 992 KB Reserved
0x0010 0000 - 0x07FF FFFF 127 MB Reserved
0x0800 0000 - 0x0803 FFFF 256 KB Flash bank 1
0x0804 0000 - 0x081F FFFF 1792 KB Reserved
0x0820 1000 - OXOFFF FFFF 126 MB Reserved
0x1000 0000 - 0x100D FFFF 896 KB Reserved

FLASH

0x100E 0000 - Ox1FFD FFFF 255 MB Reserved
0x1FFE 0000 - Ox1FFE O1FF 0.5 KB Reserved
0x1FFE 0200 - 0x1FFE OFFF 3.5KB Reserved
O0x1FFE 1000 - Ox1FFE 23FF 5 KB Security memory
Ox1FFE 2400 - Ox1FFF E7FF 113 KB Reserved
Ox1FFF E800 - Ox1FFF F7FF 4 KB System memory
0x1FFF F800 - Ox1FFF FOFF 0.5 KB Option bytes
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Bus Address range Size Peripheral
Ox1FFF FAQO - Ox1FFF FFFF 1.5 KB Reserved
0x2000 0000 - 0x2000 7FFF 32 KB DTCM
0x2000 8000 - 0x200F FFFF 992 KB Reserved
0x2010 8000 - 0x2FFF FFFF 255 MB Reserved

SRAM 0x3000 0000 - 0x3001 BFFF 112 KB SRAM-1
0x3001 C000 - 0x3001 FFFF 16 KB SRAM-2
0x3002 0000 - 0x300F FFFF 896 KB Reserved
0x3010 0000 - 0x3FFF FFFF 255 MB Reserved
0x4000 0000 - 0x4000 03FF 1KB TIM2
0x4000 0400 - 0x4000 07FF 1KB TIM3
0x4000 0800 - 0x4000 OBFF 1KB TIM4
0x4000 0CO0 - 0x4000 OFFF 1KB TIM5
0x4000 1000 - 0x4000 13FF 1KB TIM6
0x4000 1400 - 0x4000 17FF 1 KB TIM7
0x4000 1800- 0x4000 27FF 4 KB Reserved
0x4000 2800 - 0x4000 2BFF 1KB RTC_BKP
0x4000 2C00 - 0x4000 2FFF 1KB WWDG
0x4000 3000 - 0x4000 33FF 1KB IWDG
0x4000 3400 - 0x4000 37FF 1KB Reserved
0x4000 3800 - 0x4000 3BFF 1KB SPI2
0x4000 3C00 - 0x4000 3FFF 1KB SPI3

APB1 0x4000 4000 - 0x4000 43FF 1KB Reserved
0x4000 4400 - 0x4000 47FF 1KB UART2
0x4000 4800 - 0x4000 4BFF 1KB UART3
0x4000 4C00 - 0x4000 4FFF 1KB UART4
0x4000 5000 - 0x4000 53FF 1KB UART5
0x4000 5400 - 0x4000 57FF 1KB 12C1
0x4000 5800 - 0x4000 5BFF 1KB 12C2
0x4000 5C00 - 0x4000 6BFF 4 KB Reserved
0x4000 6C00 - 0x4000 6FFF 1KB CRS
0x4000 7000 - 0x4000 73FF 1KB PWR
0x4000 7400 - 0x4000 77FF 1KB DAC
0x4000 7800 - 0x4000 7BFF 1KB UART7
0x4000 7C00 - 0x4000 BFFF 17 KB Reserved
0x4000 C000 - 0x4000 FFFF 16 KB FLEXCAN1
0x4001 0000 - 0x4001 03FF 1KB SYSCFG

APB2 0x4001 0400 - 0x4001 O7FF 1KB EXTI
0x4001 0800 - 0x4001 OBFF 1KB LPUART

DS_MM32F5280_ver0.6
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Bus Address range Size Peripheral
0x4001 0COO - 0x4001 23FF 6 KB Reserved
0x4001 2400 - 0x4001 27FF 1KB ADC1
0x4001 2800 - 0x4001 2BFF 1KB ADC2
0x4001 2C00 - 0x4001 2FFF 1KB TIM1
0x4001 3000 - 0x4001 33FF 1KB SPI1
0x4001 3400 - 0x4001 37FF 1KB TIM8
0x4001 3800 - 0x4001 3BFF 1KB UART1
0x4001 3C00 - 0x4001 3FFF 1KB UART6
0x4001 4000 - 0x4001 43FF 1KB COMP
0x4001 4400 - 0x4001 7FFF 15 KB Reserved
0x4001 8000 - 0x4001 BFFF 16 KB FLEXCAN2
0x4001 C000 - 0x4001 CFFF 4 KB Reserved
0x4001 D0O0OO - 0x4001 D3FF 1KB LPTIM
0x4001 D400 - 0x4001 FBFF 10 KB Reserved
0x4001 FCOO - 0x4001 FFFF 1KB MindSwitch
0x4002 0000 - 0x4002 03FF 1KB DMA1
0x4002 0400 - 0x4002 O7FF 1KB DMA2
0x4002 0800 - 0x4002 OFFF 2 KB Reserved
0x4002 1000 - 0x4002 13FF 1KB RCC
0x4002 1400 - 0x4002 1FFF 3 KB Reserved
0x4002 2000 - 0x4002 23FF 1 KB Flash memory interface
0x4002 2400 - 0x4002 2FFF 3 KB Reserved
0x4002 3000 - 0x4002 33FF 1KB CRC
0x4002 3400 - 0x4002 7FFF 19 KB Reserved
0x4002 8000 - 0x4002 9FFF 8 KB ENET
0x4002 A00O - 0x4002 A3FF 1KB CORDIC

AHB1 0x4002 A400 - 0x4003 FFFF 87 KB Reserved
0x4004 0000 - 0x4004 03FF 1KB Port A
0x4004 0400 - 0x4004 O7FF 1KB Port B
0x4004 0800 - 0x4004 OBFF 1KB Port C
0x4004 0CO0 - 0x4004 OFFF 1KB Port D
0x4004 1000 - 0x4004 13FF 1KB Port E
0x4004 1400 - 0x4004 17FF 1KB Port F
0x4004 1800 - 0x4004 1BFF 1KB Port G
0x4004 1C00 - 0x4004 1FFF 1KB Port H
0x4004 2000 - 0x4004 23FF 1KB Port |
0x4004 2400 - 0x400F FFFF 759 KB Reserved
0x4010 0000 - Ox4FFF FFFF 255 MB Reserved
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Bus Address range Size Peripheral

0x5000 0000 - 0x5003 FFFF 256 KB USB OTG FS

AHB2 0x5004 0000 - 0x500F FFFF 768 KB Reserved
0x5010 0000 - Ox5FFF FFFF 255 MB Reserved
0x6000 0000 - Ox63FF FFFF 64 MB FSMC Bank
0x6400 0000 - Ox67FF FFFF 64 MB FSMC Bank

AHB3 0x6800 0000 - 0x6BFF FFFF 64 MB FSMC Bank
0x6C00 0000 - Ox6FFF FFFF 64 MB FSMC Bank
0x7000 0000 - 0x8FFF FFFF 512 MB Reserved
0x9000 0000 - 0x901F FFFF 2 MB Flash bank 2 (QSPI)
0x9020 0000 - 0x9FFF FFFF 254 MB Reserved
0xA000 0000 - 0xA000 OFFF 4 KB FSMC Register

AriBs 0xA000 1000 - 0xA000 13FF 1KB QSPI Register
0xA000 1400 - 0xAOOF FFFF 1019 KB Reserved
0xA010 0000 - OxDFFF FFFF 1023 MB Reserved

3.6 Flash

This product provides up to 2.25MB Flash memory available for storing code and data,
distributed as two independent banks: 256KB Flash bank 1 and 2MB QSPI Flash bank 2.

3.7 SRAM

This product provides up to 192KB embedded SRAM, including 32KB Instruction TCM
(ITCM), 32KB Data TCM (DTCM) and 128KB system RAM. The TCM is tightly coupled to
the processor which can provide zero delay code execution and data access.

3.8 NVIC

This product embeds a Nested vector interrupt controller (NVIC), able to handle multiple
maskable interrupt channels (excluding the 16 interrupt lines of the Arm China STAR-MC1)
and manage 256 programmable priority levels.

e Tightly coupled NVIC gives low latency interrupt processing.

e Interrupt entry vector table address passed directly to the core.

e Allow early processing of interrupts.

e Support high priority interrupt preemption.

e Support interrupt tail-chaining.

e Automatically save processor status.

e Automatic restoration when the interrupt returns with no instruction overhead.

This module provides flexible interrupt management with minimal interrupt latency.
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3.9 EXTI

The external interrupt/event controller (EXTI) contains multiple edge detectors to capture
the level changes on the I/O ports and generate interrupt/event to CPU. All I/O ports are
connected to 16 external interrupt lines. Each interrupt line can be independently enabled
or disabled and configured to select the trigger mode (rising edge, falling edge or both
edges). A pending register can save all the interrupt request status.

The EXTI can detect the level fluctuation of an external line with a pulse width shorter than
the internal APB2 clock period.

3.10 Clock configuration

The system clock can be configured after chip power-on. After the power-on reset, the
default clock is the internal 8MHz high speed oscillator (HSI). User can configure to use
the external 4 to 24MHz crystal oscillator (HSE) as the system clock. The system will
automatically block the external clock source, turn off the PLL and use the internal oscillator
when the external clock is detected to be invalid. Meanwhile, if the clock monitor interrupt
is enabled, an interrupt request will be generated.

The clock system uses multiple pre-dividers to generate the clock for the AHB and APB
(APB1 and APB2) bus. The maximum frequency of the AHB and APB bus clock can reach
up to 120MHz.

3.11 Boot modes
During boot, BOOTO pin and BOOT1 pin are used to select one of three boot options:

e Boot from the user configurable address stored in the option bytes, default is from
embedded Flash

e Boot from system memory

e Boot from ITCM

The Bootloader code locates in the system memory. Once the chip boots from the system
memory, it will run the bootloader code and user can program the embedded Flash through
UART1 port by using the bootloader.

3.12 Power supply schemes

e Vbp= 27V ~ 3.6V: I/O ports and internal voltage regulator are powered by the Vop
Pins.

e VobA= 2.7V ~ 3.6V: ADC, reset logic, oscillators, PLL are powered by the Vbpa pin.
Vppa and Vssa can either be connected to Voo and Vss respectively or be powered
individually. When powered individually, the power supply should be at the same
voltage level as the Vop and Vss.

e Vear=1.8V~3.6V:when Voois turned off, power is supplied to RTC, LSE and backup

registers through internal power switch. When there’s no backup battery in the
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application system, the Veat pin can be either connected to Vop or floating.

3.13 Power supply supervisors

This product integrates the power-on reset (POR) and power-down reset (PDR) circuit.
This circuit is workable in all power modes, to make sure the chip can work above the
lowest power supply voltage. When the Voo is lower than the preset threshold (Veor/Veor),
this circuit will put system to reset status, without need of an external reset circuit.

This product also integrates a programmable voltage monitor (PVD), it can monitor the Voo
and Vopa voltage, and compare it with the preset threshold Vrvo. When Voo is lower or
higher than Vpvp, an interrupt request can be generated, then the interrupt handler can
send out warning information or put the chip into safe mode. The PVD function can be
configured to be enable through user program.

3.14 Voltage regulator

The on-chip voltage regulator can regulate the external supply voltage to a lower and stable
supply voltage that can be served by the internal circuits. The voltage regulator is workable
after the chip power-on reset (POR).

3.15 Low power mode

This product supports multiple low power modes, user can select the low power modes
according to their end application to achieve a balance between power consumption,
wakeup time and wakeup source.

Low Power Run mode

This mode is achieved with Vcore supplied by the low-power regulator to minimize the
regulator's operating current. The code can be executed from SRAM or Flash, and the
CPU frequency is limited to 2MHz.

Sleep mode

In Sleep mode, only the CPU clock is gated off. All peripherals continue to operate and can
wake up the CPU when an interrupt/event occurs.

Low Power Sleep mode

This mode is entered from the Low Power Run mode. Only the CPU clock is stopped.
When wake-up is triggered by an event or an interrupt, the system reverts to the Low Power
Run mode.

Stop mode

In Stop mode, low power consumption can be achieved with all RAM and registers content
in retention. In Stop mode, HSI and HSE are powered off. The microcontroller can be

woken up by the EXTI signals. EXTI signals can come from the 16 external 1/O ports or
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PVD output.

Deep Stop mode

Similar as Stop mode, but with lower power consumption.

Standby mode

In Standby mode, the lowest power consumption can be achieved. In this mode, the
voltage regulator is powered off, and all the 1.5V domain are shut down. PLL, HSI and
HSE are also powered off. Wakeup sources include rising edge on WKUP pin, active reset
on NRST pin, IWDG reset. SRAM and registers content are lost in this mode. Only backup
register and standby circuit are powered.

3.16 DMA

This product has two 8-channel direct memory access (DMA) controller. The DMA
controller can be used to move data from memory to memory, peripherals to memory or
memory to peripherals without CPU intervention. The DMA controller support ring buffer
mode, when data reaches end of the buffer, the ring buffer mode can avoid generating an
interrupt.

Each DMA channel has independent DMA request handling logic. All channels can be
triggered by software. For each channel, the data length, source address and destination
address can be independently configured by software.

3.17 MindSwitch

This product has built-in 1P-to-IP connection and trigger matrix called MindSwitch, it's
matrix with multiple input channels and multiple output channels, which provide direct
connection between on-chip peripherals and GPIOs. Typical peripherals connected to the
MindSwitch include timers, EXTI, GPIOs, software trigger sources, ADC, DAC,
comparators, etc. MindSwitch has four integrated configurable logic unit (CLU), each CLU
is a 4 input 1 output combination logic operation engine supporting AND, OR, XOR, invert
operations. A typical use case is user can select one timer's multiple trigger output as the
input source to the MindSwitch and use CLU to do OR logic operation to get one combined
output trigger source, then connect to the sync input of the ADC to trigger the conversion.
With the flexibility that MindSwitch and CLU provide, user can realize more scenarios that

can benefit their applications.

3.18 Timers and watchdogs

This product has two advanced timer, two 32-bit and two 16-bit general purpose timers,
two basic timers, one low power timers, two watchdog timers and one Systick timer. The
table below compares the features of advanced, general purpose, basic timers, and low

power timers.
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Table 3-2 Feature summary of advanced, general purpose and basic timers

Type Instance | Resolution (.‘:ounFer pre-divider DMA Capture/compare | Complementary
direction request channels output
TIM1 , up, down,
Advanced TIM8 16-bit up/down 1 to 65536 Yes 4 4
TIM2 . up, down,
General TIM5 32-bit up/down 1 to 65536 Yes 4 No
purpose TIM3 . up, down,
TIM4 16-bit up/down 1 to 65536 Yes 4 No
Basic TIM6 16-bit u 1 to 65536 Yes No No
TIM7 P
Low power LPTIM 16-bit up 1to 128 No 1 (compare only) No

DS_MM32F5280_ver0.6

Advanced timer (TIM1 / TIM8)

The advanced timer includes one 16-bit counter, four capture/compare channels and four
phases complementary PWM generator. This timer supports hardware dead-time insertion
when using as complementary PWM generator. This timer can also be used as a full-
function general purpose timer. This timer has four independent channels, each channel
can be used for:

e Input capture

e Output compare

e PWM generator (center- or edge-aligned)

e Single pulse output

When this timer is used as a general-purpose timer, it has the same function as the TIM2.
When this timer is used as a 16-bit PWM generator, it can be configured to a broad duty
cycle range from 0% to 100%.

The advanced timer has lots of identical features and internal structures as the general-
purpose timer, in this way the advanced timer can work together with the general-purpose
timer through the link function, to provide synchronization and event trigger function.

In debug mode, the counter stops counting, and PWM output will be disabled.

General-purpose timer (TIM2 / TIM3 / TIM4 / TIM5)

This product has four general-purpose timers. The timer has a 16- or 32-bit counter,
support both up and down counting, with automatically reload. The timer also has a 16-bit
frequency pre-divider and four independent channels. Each channel can be used as input
capture, output compare, PWM or single pulse output.

These general-purpose timers can also work together through the timer link function, to
provide synchronization between timers and event trigger function.

Any general-purpose timer can be used to generate PWM output or work as basic timer.
Each timer has independent DMA request.

These timers can also be used to decode incremental encoder signals and can also be

used to decode one to four Hall sensors’ digital output.
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In debug mode, the counter stops counting, and PWM output will be disabled.

32-bit general-purpose timer (TIM2 / TIM5)

This timer has a 32-bit up and down counter, a 16-bit prescaler and four independent
channels, each channel can be used as input capture, output compare, PWM or single
pulse output.

16-bit general-purpose timer (TIM3 / TIM4)

This timer has a 16-bit up and down counter, a 16-bit prescaler and four independent
channels, each channel can be used for input capture, output compare, PWM or single
pulse output.

Basic timer (TIM6 / TIM7)

The basic timer is based on a 16-bit up counter and a 16-bit prescaler. In debug mode, the
counter stops counting.

Low-power timer (LPTIM)

LPTIM consists of a 16-bit counter that provides users with convenient count timing. LPTIM
features low power and can work under multiple low-power modes. Without internal clock
running, it can work with external clock running and achieve external pulse counting in
Sleep mode. It can also achieve low-power timeout wake-up through external input trigger
signals. LPTIM has multiple features such as external clock count, timeout wake-up and
PWM output.

Independent watchdog (IWDG)

The independent watchdog is based on a 12-bit down counter and an 8-bit prescaler. It is
clocked by an internal independent 40KHz oscillator. As it is independent of the main clock,
it can run in shutdown and Standby modes. It can be used to reset the entire system when
a system error occurs or as a free timer to provide timeout management for applications.
It can be configured to start the watchdog by software or hardware through the option byte.
In debug mode, the counter stops counting.

Window watchdog (WWDG)

The window watchdog is based on a 7-bit down counter that can be set as free-running. It
can be used as a watchdog to reset the entire system when an system error occurs. It is
clocked by the main clock and has an early warning interrupt function; in debug mode, the
counter stops counting.

System tick timer (Systick)

This timer is dedicated to the real-time operating system and can also be used as a general

down counter. It has the following features:

24-bit down counter

Auto-reload capability

A maskable interrupt can be generated when counter value is 0
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e Programmable clock source

3.19 Real-time clock (RTC)

The real-time clock is an independent timer, which provides a set of continuously running
counters. It can provide a real calendar function with corresponding software configuration.
The current time and date of the system can be reset by modifying the value of the counter.
The RTC module and clock configuration system (RCC_BDCR register) are in the backup
area, namely, RTC setting, and time remain unchanged after the system reset or the wake-
up of the Standby mode.

3.20 Backup register

The backup register is composed of 20 16-bit registers used to store user application data
located in the backup area. When Vop power is cut out, they still get power supply from
Veat. They are not reset by a system or power reset, or when the system wakes up from
Standby mode.

3.21 GPIO

Each GPIO pin can be configured by software as output (push-pull or open-drain), input
(with or without pull-up or pull-down) or multiplexed peripherals function port. Most GPIO
pins are shared with digital or analog functions. If necessary, the peripheral functions of
the 1/O pins can be locked by specific operation to avoid accidental writing to the 1/O
register.

3.22 UART

This product has up to seven UART interfaces. The UART interface supports configurable
data length of 5-, 6-, 7-, 8-, and 9-bits. The UART interface also supports LIN master and
slave function and 1SO7816 smart card mode. The maximum speed can achieve 7Mbps.
All UART interfaces support DMA operation.

3.23 LPUART

The device embeds one low-power universal asynchronous receiver transmitter (LPUART).
Compared with UART, it has an extremely low power consumption, and can run and wake
up chip in the Stop and Deep Stop mode. The working clock for LPUART can select
between the HSI, LSI, LSE and peripheral clock.

3.24 12C

This product has up to two 12C interface. The 12C bus interface can work in multi-master

mode or slave mode, supports 7-bit or 10-bit addressing, and supports standard mode
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Functional description

(100Kbps), fast mode (400Kbps) and fast mode plus mode (1Mbps).

3.25 SPI

This product has up to three SPI interfaces. The SPI interface can be configured as 1 to
32 bits per frame in master or slave mode, allowing up to 48 Mbps in master mode and 24
Mbps in slave mode. All SPI interfaces support DMA operation.

3.26 12S

This product has up to three I12S interfaces shared with the SPI module. The 12S module
shares three pins with SPI, supports both half-duplex communication (transmitter or
receiver only) and full-duplex communication, supports master or slave operation,
underflow flag in transmit mode (only slave), and overflow flag in receive mode (master
and slave mode) and frame error flag in receive and transmit mode (only slave). 8-bit
programmable linear prescaler is used to achieve precise audio sampling frequency from
8KHz to 192KHz. The data format can be 16-bit, 24-bit or 32-bit, and the data packet frame
is fixed at 16-bit (16-bit data frame) or 32-bit (16-bit, 24-bit or 32-bit data frame).

3.27 FlexCAN

This product has up to two FlexCAN interface. The FlexCAN interface is compatible with
CAN 2.0A and 2.0B (active) standard, with bit rate up to 1Mbps. It can receive and send
standard frames with 11-bit identifiers, as well as extended frames with 29-bit identifiers.

3.28 USBFS OTG

This product has one USB controller compatible with USB 2.0 full-speed specification,
provides up to 12 Mbps data rate, support both host, device and OTG mode operation.
This USB controller provides up to sixteen endpoints. This product has built-in USB and
OTG PHY.

3.29 Ethernet MAC
This product has one 10/100M Ethernet MAC controller that complies with the IEEE 802.3x
specification and communicated with Ethernet through media independent interface (Mll).

An external physical interface device (PHY) is required to connect to the physical bus.

3.30 FSMC

This product has one Flexible Statis Memory Connection (FSMC) module. FSMC supports
multiple types of external memory, including SRAM, PSRAM and NOR Flash. FSMC
seamlessly interfaces with most graphic LCD controllers. Support 8080 and 6800 mode
and can flexibly adapt to specific LCD interface.
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3.31 ADC

This product has up to two 12-bit analog to digital converter (ADC) with up to 3MSPS
conversion rate. ADC1 has up to 16 external channels available and ADC2 has up to 17
external channels available, 12 ADC1 and ADC2 channels are multiplexed on pins, which
cause the total available ADC channels are 21 channels. For these multiplexed pins, ADC1
and ADC2 can be used in parallel to provide up to 6MSPS conversion rate. Two internal
channels for temperature sensor and voltage sensor are equipped in ADC2. The ADC
supports single-shot single-cycle and continuous scan conversion. In the scan mode, the
conversion of the sampling value on the selected group of analog inputs is automatically
performed. The ADC supports DMA operation.

The ADC supports hardware oversampling from 2 to 256. By taking advantage of the
oversampling function, the effective accuracy of the ADC can be improved.

The analog watchdog function allows the application to monitor one or all selected
channels. When the monitored signal exceeds a preset threshold, an interrupt will be
generated. The triggers generated by the general-purpose timers (TIMx) and the advanced
timers can be selected to trigger the ADC sampling, in this way the ADC sampling can be
synchronized with the timer.

Temperature sensor

The temperature sensor can generate a voltage that varies linearly with temperature. The
temperature sensor is internally connected to the input channel of the ADC to covert the
output of the sensor to a digital value.

3.32 DAC

This product has two digital-to-analog converters (DAC), supports up to 12-bit resolution.
It can be configured as 8-bit or 12-bit mode or worked with the DMA controller. When the
DAC works in 12-bit mode, data can be set to left alignment, or right alignment.

3.33 COMP

This product has three build-in analog comparators (COMP), which can be used
independently (applicable to all I/O ports that have comparator function) or combined with
timers. Each comparator can select the voltage reference from the external 1/0 ports, the
internal voltage reference (CRV) output or the internal 12-bit DAC output, where the CRV
output is derived from a 4-bit resistance divider ladder of the Vopa or internal bandgap
voltage. The COMP module can be used for a variety of functions including low-power
mode wake-up event triggered by analog input, fast PWM output break when over-current
detected, events capture and OCref-clr events used for cycle-by-cycle current control. The
COMP module supports programmable hysteresis voltage, programmable rate and power

consumption, rail-to-rail comparator.
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3.34 CRC

The cyclic redundancy check (CRC) module uses a fixed polynomial generator to generate
a CRC code from a 32-bit data word. Among many applications, CRC is used to verify the
consistency of data transmission or storage. Within the scope of the EN/IEC60335-1
standard, it provides a method to detect flash memory errors. The CRC module can be
used to calculate the signature of the software package in real time and compare it with
the signature generated when the software is linked and generated.

3.35 Debug
This product equips Arm standard two-wire serial debug interface (SWD) and JTAG.
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A4

Pinout and assignment

4.1 Pinout diagram

4.1.1 LQFP144 pinout
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Figure 4-1 LQFP144 pinout diagram
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4.1.2 LQFP100 pinout
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Figure 4-2 LQFP100 pinout diagram

DS_MM32F5280_ver0.6 www.mm32mcu.com

22




Pinout and assignment

4.1.3 LQFP64 pinout
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Figure 4-3 LQFP64 pinout diagram
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4.2 Pin assignment
Table 4-1 Pin assignment table
Type /10 Main . . Additional
LQFP144 | LQFP100 | LQFP64 Name 1)(3) level @ | function Multiplex function function
TIM3_CH1
SPI2_SCK
1 1 - PE2 I/0 5VT PE2 1282_CK TRACECLK
ENET_MII_TXD3
FMC_A23
TIM3_CH2
SPI2_NSS
2 2 - PE3 I/0 5VT PE3 125 WS TRACEDO
FMC_A19
TIM3_CH3
12C2_SMBA
3 3 - PE4 I/O 5VT PE4 SPI2_NSS TRACED1
12582_WS
FMC_A20
TIM3_CH4
12C2_SCL
4 4 - PE5 I/0 5VT PE5 SPI2_MISO TRACED2
12S2_MCK(extSD)
FMC_A21
TIM3_CH3
12C2_SDA
5 5 - PE6 I/0 5VT PE6 SPI2_MOSI TRACED3
1282_SD
FMC_A22
6 6 1 VBAT S - VBAT - -
TIM8_CH1 WKP1
7 7 2 PC13 I/O 5VT PC13 MDS_ INO BKP TAMPER
PC14
8 8 3 0SC32_ I/0 TC PC14 TIM8_CH2 OSC32_IN
IN
PC15
9 9 4 0SC32_ I/0 TC PC15 TIM8_CH3 0SC32_0uT
ouT
12C2_SDA
SPI2_NSS
10 - - PFO I/0 5VT PFO 122 WS -
FMC_A0
12C2_SCL
SPI2_SCK
11 - - PF1 I/0 5VT PF1 1282 CK -
FMC_A1
12C2_SMBA
12 - - PF2 I/0 5VT PF2 FMC_A2 -
13 - - PF3 I/O 5VT PF3 FMC_A3 -
14 - - PF4 I/O 5VT PF4 FMC_A4 -
15 - - PF5 I/O 5VT PF5 FMC_A5 -
16 10 - VSS_5 S - VSS_5 - -
17 11 - VDD_5 S - VDD_5 - -
18 (NC) - - PF6 I/0 TC PF6 QSPI_NSS -
TIM5_CH2
SPI1_SCK
19 - - PF7 I/0 TC PF7 1281 CK ADC1_IN17
UART7_TX
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Type /10 Main . . Additional
LQFP144 | LQFP100 | LQFP64 Name 1(3) level @ | function Multiplex function function
20 (NC) - - PF8 I/0 TC PF8 QSPI_DA1 -
TIM5_CH4
21 - - PF9 I/0 TC PF9 SPI1_MOSI ADC1_IN15
1281_SD
22 (NC) - - PF10 I/0 TC PF10 QSPI_DA2 -
PHO
23 12 5 0SC_IN 1’0 TC PHO - OSC_IN
PH1
24 13 6 0SC_O 1’0 TC PH1 - Osc_ouT
uT
25 14 7 NRST 1’0 TC NRST - -
TIM1_BKIN3
12C1_SCL ADC12_IN10
26 15 8 PCO 110 TC PCO UARTA_TX COMP3_INMO
LPUART _RX
TIM8_BKIN2
I12C1_SDA
27 16 9 PC1 I/0 TC PC1 UART4_RX é\ODI\(/J;Ilg_IIII:]lyO
ENET_MDC -
LPUART TX
COMP3_OUT
12C2_SCL
SPI2_MISO
28 17 10 PC2 I/0 TC PC2 12S2_MCK(extSD) ADC1_IN12
UART4_CTS
ENET_MII_TXD2
FMC_NWE
[2C2_SDA
SPI2_MOSI
1282_SD
29 18 1 PC3 I/0 TC PC3 UARTA4_RTS ADC1_IN13
ENET_MII_TX_CLK
FMC_A0
TIM1_CH4N
TIM8_CH4
30 19 12 PIO I/0 5VT PIO CAN1_RX -
LPUART_RX
MDS_OUTO0
31 20 - VREF- - VREF- - -
32 21 - VREF+ - VREF+ - -
33 22 13 VDDA - VDDA - -
TImM2_CH1 ADC12_INO
TIM2_ETR COMP12_INP
TIM5_CH1 0
34 23 14 PAO I/0 TC PAO TIM8_ETR COMP1 INM2
UART2_CTS —
o COMP3_INP3
UART4_TX WKPO
ENET_MIl_CRS
TIM2_CH2
TIM5_CH2 ADC12_IN1
35 24 15 PA1 1’0 TC PA1 UART2_RTS COMP12_INP
UART4_RX 1

ENET_MII_RX_CLK
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LQFP144

LQFP100

LQFP64

Name

Type /10
(1)3) level (2)

Main
function

Multiplex function

Additional
function

36

25

16

PA2

1’0 TC

PA2

TIM2_CH3
TIM5_CH3
UART2_TX
COMP2_OUT
ENET_MDIO
FMC_DA4
LPUART_TX

ADC12_IN2
COMP12_INP
2
COMP2_INM2
WKP2

37

26

17

PA3

1’0 TC

PA3

TIM2_CH4
TIM5_CH4
1281_MCK
UART2_RX
ENET_MIl_COL
FMC_DA5
LPUART RX

ADC12_IN3
COMP12_INP
3

38

27

18

VSS_4

VSS_4

39

28

19

VDD _4

VDD _4

40

29

20

PA4

1’0 TC

PA4

TIM5_ETR
SPI1_NSS
12S1_WS
SPI3_NSS
1283_WS
UART5_TX
FMC_DA6

ADC12_IN4
COMP12_INM
0
DAC1_OUT

41

30

21

PAS

110 TC

PAS

TIM2_CH1
TIM2_ETR
TIM3_ETR
TIM8_CH1N
SPI1_SCK
1281_CK
UART5_RX
FMC_DA7

ADC12_IN5
COMP12_INM
1
DAC2_OUT

42

31

22

PAG

110 TC

PAG

TIM1_BKINT
TIM3_CH1
TIM8_BKIN1
SPI1_MISO
1281_MCK(extSD)
COMP1_OUT

ADC12_IN6

43

32

23

PA7

110 TC

PA7

TIM1_CHIN
TIM3_CH2
TIM8_CH1IN
SPI1_MOSI
1251_SD
COMP2_OUT
CRS_SYNC
ENET_MIl_RX_DV
MDS_IN1

ADC12_IN7

44

33

24

PC4

IO TC

PC4

UART1_TX
ENET_MII_RXDO
FMC_NE4

ADC2_IN14

45

34

25

PC5

110 TC

PC5

UART1_RX
ENET_MII_RXD1
FMC_NOE

ADC2_IN15
WKP3

46

35

26

PBO

IO TC

PBO

TIM1_CH2N
TIM3_CH3
TIM8_CH2N
UART6_TX
ENET_MII_RXD2

ADC12_IN8
COMP3_INP1

47

36

27

PB1

1’0 TC

PB1

TIM1_CH3N
TIM3_CH4
TIM8_CH3N
UART6_RX
ENET_MII_RXD3

ADC12_IN9
COMP3_INM1
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Type /10 Main . . Additional
LQFP144 | LQFP100 | LQFP64 | Name | (%) | 1ovel® | function |  Multiplex function function
I~ TIM1_CH4N
48 37 28 soor1 | VO 5VT PB2 TIM8_CH4N BOOT1
ENET_MIl_RX_CLK
SPI1_MOSI
49 - - PF11 Vo 5VT PF11 1257 SD -
50 - - PF12 /o 5VT | PF12 FMC_A6 -
51 - - VSS_6 S - VSS_6 - -
52 - - VDD_6 S - VDD_6 - -
53 - - PF13 Vo 5VT | PF13 FMC_A7 -
54 - - PF14 Vo 5VT | PF14 FMC_A8 -
55 - - PF15 /o 5VT | PF15 FMC_A9 -
56 - - PGO Vo 5VT PGO FMC_A10 -
57 - - PG1 /o 5VT PG1 FMC_A11 -
TIM1_ETR
58 38 - PE7 Vo TC PE7 UART7_RX N
FMC_DA4 -
TIM1_CHIN
59 39 - PES /o TC PE8 UART7_TX O N
FMC_DA5 -
TIM1_CH1
60 40 - PE9 /o TC PE9 FMC DAS ADC2_IN16
61 - - VSS_7 S " VSS_7 - -
62 - - VDD_7 S - VDD_7 - -
TIM1_CH2N
63 41 - PE10 Vo 5VT | PE10 1281_MCK -
FMC_DA7
TIM1_CH2
SPI1_NSS
64 42 - PE11 Io 5VT | PE11 25T WS -
FMC_DA8
TIM1_CH3N
SPI1_SCK
65 43 - PE12 o 5VT | PE12 257 CK -
FMC_DA9
TIM1_CH3
SPI1_MISO
66 44 - PE13 Vo 5VT | PE13 1281 MEK(oxSD) -
FMC_DA10
TIM1_CHé4
SPI1_MOSI
67 45 - PE14 Vo 5VT | PE14 1257 SD -
FMC_DA11
TIM1_BKIN4
68 46 - PE15 Vo 5VT | PE15 EMC DA12 -
TIM2_CH3
12C2_SCL
SPI2_SCK
1282_CK
69 47 29 PB10 Vo 5VT | PB10 UART3 TX -
ENET_MII_RX_ER
LPTIM_CH1
LPUART_RX
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T 10 i -
LQFP144 | LQFP100 | LQFP64 | Name ey ovel @ fu"r’l'gt'i':m Additional

Multiplex function function

TIM2_CH4
12C2_SDA
1252_MCK
UART3_RX
70 48 30 PB11 /0 5VT PB11 ENET MILTX EN -
LPTIM_ETR
LPUART_TX

MDS_OUT1

71 49 31 VSS_1 s - VSS_1 - -

72 50 32 VDD_1 S - VDD_1 - -

TIM1_BKIN2
TIM5_ETR
COMP3_OUT
12C2_SMBA
73 51 33 PB12 /0 5VT PB12 SPI2_NSS -
12S2_ WS
CAN2_RX
ENET_MII_TXDO
FMC_DA13

TIM1_CHAN
TIM8_CH1N
SPI2_SCK
74 52 34 PB13 /0 5VT PB13 12S2_CK -
UART3_CTS
CAN2_TX
ENET_MII_TXD1

TIM1_CH2N
TIM8_CH2N
SPI2_MISO
1282_MCK(extSD)
75 53 35 PB14 110 5VT PB14 UART3.RTS -
ENET_MII_TX_CLK
FMC_DAO

MDS_IN2

TIM1_CH3N

TIM8_CH3N

SPI2_MOSI
1252 _SD

76 54 36 PB15 110 5VT PB15 WKP5

UART3_TX
77 55 - PD8 IO 5VT PD8 FMC DA13 -

UART3_RX
78 56 - PD9 110 5VT PD9 FMC DA14 -

12C1_SCL
79 57 - PD10 /0 5VT PD10 FMC DAY -

TIM4_ETR
12C1_SDA
80 58 - PD11 110 5VT PD11 1283_MCK -
UART3_CTS
FMC_A16

TIM4_CH1
12C1_SMBA
SPI3_SCK
81 59 - PD12 e} 5VT | PD12 1283_CK )
UART3_RTS

FMC_A17

TIM4_CH2
SPI3_MISO
82 60 - PD13 /0 5VT PD13 1253, MCK(extSD) -

FMC_A18

83 - - VSS_8 S - VSS_8 - -
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LQFP144

LQFP100

LQFP64

Name

Type
ME)

110
level @

Main
function

Multiplex function

Additional
function

84

VDD _8

VDD _8

85

61

PD14

110

5VT

PD14

TIM4_CH3
SPI3_MOSI
1283_SD
FMC_DAO

86

62

PD15

1’0

5VT

PD15

TIM4_CH4
SPI3_NSS

12S3_WS
FMC_DA1

87

PG2

110

5VT

PG2

FMC_A12

88

PG3

110

5VT

PG3

FMC_A13

89

PG4

110

5VT

PG4

FMC_A14

90

PG5

1’0

5VT

PG5

FMC_A15

91 (NC)

PG6

110

5VT

PG6

QSPI_DAO

92 (NC)

PG7

1’0

5VT

PG7

QSPI_SCK

93 (NC)

PG8

1’0

5VT

PG8

QSPI_DA3

94

VSS_9

VSS_9

95

VDD_9

VDD_9

96

63

37

PC6

110

5VT

PC6

TIM3_CH1
TIM8_CH1
12C1_SCL

SPI2_MISO
1252_MCK(extSD)
UART6_TX
FMC_DA1

97

64

38

PC7

110

5VT

PC7

TIM3_CH2
TIM8_CH2
12C1_SDA

SPI3_MISO
1283_MCK(extSD)
SPI3_MISO
1283_MCK(extSD)
UART6_RX

98

65

39

PC8

I/0

5VT

PC8

TIM3_CH3
TIM8_CH3
12C2_SCL

99

66

40

PC9

I/0

5VT

PC9

MCO2
TIM3_CH4
TIM8_CH4
12C2_SDA

100

67

41

PA8

IO

5VT

PA8

MCO1
TIM1_CH1
TIM3_ETR
12C1_SCL

101

68

42

PA9

IO

5VT

PA9

TIM1_CH2
12C1_SCL
UART1_TX

USB_FS_VBU
)

102

69

43

PA10

110

5VT

PA10

TIM1_CH3
12C1_SDA
UART1_RX

USB_FS_ID

103

70

44

PA11

110

TC

PA11

TIM1_CH4
[2C1_SMBA
UART1_CTS

COMP1_OUT

CAN1_RX

USB_FS_DM

DS_MM32F5280_ver0.6
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Pinout and assignment

LQFP144

LQFP100

LQFP64

Type /10

N Main
ame MG | Jevel @

function

Multiplex function

Additional
function

104

7

45

PA12 110 TC PA12

TIM1_ETR

UART1_RTS

COMP2_OUT
CAN1_TX

USB_FS_DP

105

72

46

PA13 /O “) 5VT PA13

JTMS_SWDIO
12C1_SMBA
USB_FS_VBUSON
ENET_MII_TX_CLK
MDS_OUT2

106

73

PH2 I/0 5VT PH2

TIM1_ETR
TIM8_ETR
ENET_MII_CRS

107

74

47

VSS_2 s - VSS_2

108

75

48

VDD_2 s - VDD_2

109

76

49

PA14 /O “) 5VT PA14

JTCK_SWCLK
12C1_SDA
1283_MCK

UART4_CTS
MDS_IN3

110

77

50

PA15 /O “) 5VT PA15

JTDI
TIM2_CH1
TIM2_ETR
12C1_SCL
SPI1_NSS
12S1_WS
SPI3_NSS
12S3_WS
UART4_RTS
ENET_MII_RX_CLK

1M

78

51

PC10 I/0 5VT PC10

SPI3_SCK
12S3_CK
UART3_TX
UART4_TX

112

79

52

PC11 I/0 5VT PC11

SPI3_MISO
1283_MCK(extSD)
UART3_RX
UART4_RX
FMC_DA2

113

80

53

PC12 IO 5VT PC12

SPI3_MOSI
1283 _SD
UART5_TX
FMC_DA3

114

81

PDO IO 5VT PDO

CANT_RX
FMC_DA2
LPUART TX

115

82

PD1 110 5VT PD1

CAN1_TX
FMC_DA3
LPUART RX

116

83

54

PD2 IO 5VT PD2

TIM3_ETR
1283 _MCK
UART5_RX
FMC_NWE

117

84

PD3 IO 5VT PD3

SPI2_SCK
12S2_CK
UART2_CTS
FMC_CLK

118

85

PD4 IO 5VT PD4

SPI3_SCK
12S3_CK
UART2_RTS
FMC_NOE

DS_MM32F5280_ver0.6
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Pinout and assignment

LQFP144

LQFP100

LQFP64

Type /10 Main
Name MG) | level @ | function

Multiplex function

Additional
function

119

86

PD5 110 5VT PD5

SPI3_MISO
1283_MCK(extSD)
UART2_TX
FMC_NWE

120

VSS_10 S - VSS_10

121

VDD_10 S - VDD_10

122

87

PD6 I/0 5VT PD6

SPI3_MOSI
12S83_SD
UART2_RX
FMC_NWAIT

123

88

PD7 I/0 5VT PD7

SPI3_NSS
12S3_WS
FMC_NE1

124

PG9 110 5VT PG9

UART6_RX
FMC_NE2

125

PG10 110 5VT PG10

FMC_NE3

126

PG11 I/0 5VT PG11

12S2_MCK
ENET_MII_TXEN

127

PG12 110 5VT PG12

SPI2_MISO
1282_MCK(extSD)
UART6_RTS
FMC_NE4

128

PG13 110 5VT PG13

SPI2_SCK
1252_CK
UART6_CTS
ENET_MII_TXDO
FMC_A24

129

PG14 I/0 5VT PG14

SPI2_MOSI
1282 _SD
UART6_TX
ENET_MII_TXD1
FMC_A25

130

VSS_11 s - VSS_11

131

VDD_11 S - VDD_11

132

PG15 110 5VT PG15

UART6_CTS

133

89

55

PB3 /O ¥ 5VT PB3

JTDO
TRACESWO
TIM2_CH2
TIM4_ETR
SPI1_SCK
1281_CK
SPI3_SCK
12S3_CK
UART5_CTS

134

90

56

PB4 /O ¥ 5VT PB4

NJTRST
TIM3_CH1
SPI1_MISO

1281_MCK(extSD)
SPI3_MISO

1283_MCK(extSD)
UART5_RTS

DS_MM32F5280_ver0.6
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Pinout and assignment

LQFP144

LQFP100

LQFP64

Name

Type
ME)

110
level @

Main
function

Multiplex function

Additional
function

135

91

57

PB5

1’0

5VT

PB5

TIM3_CH2
TIM8_CH3N
12C1_SMBA
SPI1_MOSI

1281_SD

SPI3_MOSI

12S3_SD

CAN2_RX

ENET_PPS_OUT
LPTIM_CH1

WKP4

136

92

58

PB6

1’0

5VT

PB6

TIM4_CHA
TIM8_CH4N
12C1_SCL
SPI1_NSS
12S1_WS
SPI3_NSS
12S3_WS
UART1_TX
UART7_TX
CAN2_TX
LPTIM_ETR

137

93

59

PB7

1’0

5VT

PB7

TIM4_CH2
COMP3_OUT
12C1_SDA
1251_MCK
12S3_MCK
UART1_RX
UART7_RX
FMC_NADV
MDS_OUT3

138

94

60

PH3
BOOTO

/O ©®)

5VT

PH3

BOOTO

139

95

61

PB8

I/0

5VT

PB8

TIM4_CH3
TIM8_CH1IN
12C1_SCL
UART1_CTS
COMP1_OUT
CAN1_RX
ENET_Mil_TXD3

140

96

62

PB9

I/0

5VT

PB9

TIM4_CH4
TIM8_CH2N
12C1_SDA
SPI2_NSS
12S2_WS
UART1_RTS
COMP2_OUT
CAN1_TX

141

97

PEO

110

5VT

PEO

TIM4_ETR
FMC_NBLO
LPUART RX

142

98

PE1

IO

5VT

PE1

1252_MCK
FMC_NBLA1
LPUART_TX

143

99

63

PI1

IO

5VT

PI1

TIM2_ETR
TIM5_ETR
TIM8_ETR
12C1_SMBA
CAN1_TX
LPUART_TX

144

100

64

VDD_3

VDD _3

DS_MM32F5280_ver0.6
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Pinout and assignment

DS_MM32F5280_ver0.6

| = input, O = output, S = power pins, HiZ = high resistance state.

TC: standard 10. Input signal level should not exceed VDD.

5VT: 5V tolerant 10.

Unless otherwise noted, 1/O type pins other than the NRST and JTAG related pin are in a
floating input state after power-up with no internal pull-up or pull-down enabled, and if there is
no external pull-up or pull-down, the pin level is floating.

After reset, for JTAG related pins, the internal pull-up resistors of the PA13/JTMS_SWDIO,
PB4/NJTRST, PA15/JTDI pins and the internal pull-down resistor of the PA14/JTCK_SWCLK
pin are enabled, and if there is no external pull-up or pull-down, the pin level is pulled up to VDD
voltage or pulled down to VSS voltage. The PB3/JTDO pin is floating.

After reset, the internal pull-down resistor of the BOOTO pin keeps the pin in the VSS voltage

state.
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Pinout and assignment

4.3

GPIO multiplexing
Table 4-2 PA port multiplexing AFO-AF7

Pin AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
TIM2_CH1 UART2_C
PAO - Tz EqR | TIM5_CHT | TiM8_ETR ; ; - M
PA1 - TIM2_CH2 | TIM5_CH2 - - ; - UARTZR
PA2 - TIM2_CH3 | TIM5_CH3 - - - - UART2_TX
PA3 - TIM2_CH4 | TIM5_CH4 - - 1281_MCK - UARIER
SPI1_NSS | SPI3_NSS
PA4 - - TIMS_ETR - - 1251 WS | 1253 WS -
TIM2_CH1 TIM8_CH1 SPI1_SCK
PAS - TIM2 ETR | TIM3_ETR N - 1251 CK - -
SPI1_MIS
TIM1_BKI TIM8_BKI o
PAG - N1 TIM3_CH?1 NT - 1281_MCK - -
(exiSD)
SPI1_MOS
oA7 ] TIMT_CH1 | 5 cyyp | TIMB_CHI ) | ] ]
1281 SD
PAS MCO1 | TIM1_CH1 | TIM3_ETR - 12C1_SCL A - -
PA9 - TIM1_CH2 - - 12c1_SCL - - UART1_TX
PA10 - TIM1_CH3 - - 12C1_SDA - - UARTIR
I2C1_SMB UART1_C
PA11 - TIM1_CH4 - - n - - M
PA12 ; TIM1_ETR ; ; S ; ; UA'.QFTSLR
JTMS_SW 12C1_SMB
PA13 DIO - - - A - - -
PA14 JT%T_RSW - - - I2C1_SDA - 1283 MCK -
TIM2_CH1 SPI1_NSS | SPI3_NSS
PA15 JIDE | v ETR - - 12C1_SCL | ‘b ws | 1283 ws -

DS_MM32F5280_ver0.6
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Pinout and assignment

Table 4-3 PA port multiplexing AF8-AF15

Pin AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
UART4 T ENET_MIl

PAO X - - CRS - - - -
UART4 R ENET_MIl

PA1 X - - RX_CLK - - - -
COMP2 O ENET_MD LPUART_

PA2 it - - 5 FMC_DA4 s - -

ENET_MIl LPUART_

PA3 - ; ; o | Fuc_Das - - -

PA4 UARTST - - - FMC_DA6 - - -

PA5 UARTO-R ; ; ; FMC_DA7 - - -
COMP1 O

PAG e ; - - - - . -
COMP2 O CRS_SYN | ENET_MIl

PA7 ik - = o ; - - MDS_IN1

PA8 - - - - ] - - -

PA9 - - - - ] ] i -

PA10 - - - - ] i - -

PA11 CONPLO | cant_rx - ; ] ] ] ]

PA12 CONP2O | cant_Tx - - - - - -

A1 ] - USB_FS_ | ENET_MIl ] ] ] MDS_OUT

VBUSON | TX CLK 2

PA14 UARTS-C - - - \ - - MDS_IN3
UART4 R ENET_MIl

PA15 TS - . "RX_CLK - - - -

DS_MM32F5280_ver0.6
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Pinout and assignment

Table 4-4 PB port multiplexing AFO-AF7

Pin AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
580 ] TINT_CFZ | 3 gy | TIME_CH2 - ] ] ]
oo ] TINT_CHG | g cag | TIME_CHO - ] ] ]
o5 ] TIM1_CH4 ] TIM8_CHa4 - ] ] ]
N N
JTDO
SPI1_SCK | SPI3_SCK
PB3 TRACOESW TIM2_CH2 | TIM4_ETR - ; 20T oK | 1255 CK -
SPI1_MIS | SPI3_MIS
o 0
PB4 NJTRST - TIM3_CH1 - ; 251 MCK | 1283 MCK -
(extSD) (extSD)
SPI1_MOS | SPI3_MOS
oas ] ) Tivs_cHp | TIMB_CHS | 12C1_SM | | ]
1281 SD | 12S3_SD
TIM8_CHa4 SPI1_NSS | SPI3_NSS
PB6 - - TIM4_CH1 ~ 2¢1.SCL | Parwe | Joss we | UARTI_TX
PB7 - ; TIM4_CH2 CO'\('J'?—O 12C1_SDA | 12S1_MCK | 12S3_MCK UAR)T—R
PBS . - Tima_cHz | TMBCAT | a6 sci ‘ . UARLI-C
TIM8_CH2 SPI2_NSS UARTT_R
PBY - - TIM4_CHa4 0 12C1_SDA | oSS - M
SPI2_SCK
PB10 - TIM2_CH3 - 2¢2.SCL | Soas ox - UART3_TX
PB11 - TIM2_CH4 - - 12C2_SDA | 1252_MCK - UARTSR
TIM1_BKI COMP3_0O | 12C2_SMB | SPI2_NSS
PB12 - 15 TIM5_ETR s n PR - -
o813 ] TIM1_CH1 ] TIM8_CH1 - SPI2_SCK ] UART3_C
N N 1252 CK TS
SPI2_MIS
PB4 ] TIM1_CH2 ) TIM8_CH2 ) o ] UART3_R
N N 1282_MCK TS
(exiSD)
TIM1_CH3 TIM8_CH3 SPI2_MOS
PB15 - N < N - | - -
1252_SD

DS_MM32F5280_ver0.6
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Pinout and assignment

Table 4-5 PB port multiplexing AF8-AF15

Pin AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
UART6_T ENET_MI
PBO X - - RXD2 - - - -
UART6_R ENET_MI
PB1 X - - RXD3 - - - -
ENET_MI
PB2 - - - _RX_CLK ) - ) )
UART5 C
PB3 N ; ; ] ] ] ] ]
UART5_R
PB4 M - - ; ; - - -
ENET PP | LPTIM C
PB5 - CAN2_RX ; S o0t i ; ; ]
- UARTZT |Gz Tx - ] CPTIM_ET ] ] ]
UART7 R FMC_NAD MDS_OUT
PB7 - ] } ] _ ] ] K
X v 3
COMP1_0 ENET_MI
PBS g CAN1_RX - N ; ; ; ;
PBY CONP2O | cant_Tx ; . ; ; ] ;
PB10 ] - - ENET_MIl | LPTIM_C | LPUART_ ] ]
RX ER H1 RX
o1 ] - - ENET_MIl | LPTIM_ET | LPUART_ ] MDS_OUT
TX_EN R X 1
ENET MIl | FMC_DA1
PB12 - CAN2_RX - N Do : ; ; -
ENET_MI|
PB13 - CAN2_TX - =h . - - ;
ENET_MI
PB14 - ; ; “Tx GLK | FMC_DAO ; ; MDS_IN2
PB15 - - ] \ ] ] ] )

DS_MM32F5280_ver0.6
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Pinout and assignment

Table 4-6 PC port multiplexing AFO-AF7

Pin AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PCO - BT ; ; 12C1_SCL ; ; -
PC1 ; ; ; TIVE-BK 1 12c1_spa ; ; -
SPI2_MIS
COMP3_0 o
PC2 - - - s 262 SCL | g5 Mck - -
(extSD)
SPI2_MOS
PC3 - - - - 12C2_SDA ] ; -
12S2_SD
PC4 - - - - - - - UART1_TX
.. ] - ] ] - ] ] UAR)I1_R
SPI2_MIS
o
PC6 - ; TIM3_CH1 | TIMB_CH1 | 12C1_SCL | har ok - -
(extSD)
SPI3_MIS | SPI3_MIS
0 o
PC7 - ; TIM3_CH2 | TIMB_CH2 | 12C1_8DA | as ok | 1283 MK -
(extSD) (extSD)
PC8 - - TIM3_CH3 | TIM8_CH3 | 12C2_SCL . - -
PC9 MCO2 - TIM3_CH4 | TIM8_CH4 | 12C2_SDA . - -
SPI3_SCK
PC10 - ; - - - ; 255 oK | UART3_TX
SPI3_MIS
o UART3_R
PC11 - - - ) - - 1283_MCK X
(exiSD)
SPI3_MOS
PC12 - ; . . ; ] i -
1283 SD
PC13 - - - TIM8_CH1 - . - -
PC14 - : ] TIM8_CH2 - . - -
PC15 - - - TIM8_CH3 - . - -

DS_MM32F5280_ver0.6
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Pinout and assignment

Table 4-7 PC port multiplexing AF8-AF15

Pin AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
UART4_T LPUART_
PCO X - - - - RX - -
oCt UART4_R - - ENET_MD ] LPUART_ ] ]
X C X
o2 UART4_C - - ENET_MIl | FMC_NW ] ] ]
TS TXD2 E
UART4 R ENET_MII
PC3 A - - I GLK | FMC_A0 - - -
ENET_MII
PC4 - - - xdo | FMC_NE4 - - -
ENET_MIl
PC5 - - - " RXD1 FMC_NOE - - -
PC6 UARTE-T - - - FMC_DA1 - - -
. UART6_R - - ] ] ] ] ]
X
PC8 - - - - - ] - -
PC9 - - - - - ] ] -
oC10 UART4 T - - ] ] ] ] ]
PC11 UARTAR - - FMC_DA2 - - - -
PC12 UAR)I 5T ; ; FMC_DA3 - - - -
PC13 - - - - - - - MDS_INO
PC14 - - - - \ - - -
PC15 - - - - - - - -

DS_MM32F5280_ver0.6

www.mm32mcu.com

39



Pinout and assignment

Table 4-8 PD port multiplexing AFO-AF7

Pin AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PDO - - - - - - - -
PD1 - - - - - - - -
PD2 - - TIM3_ETR - - 12S3_MCK - -
SPI2_SCK UART2_C
PD3 - - - - - 1282 CK - TS
SPI3_SCK UART2 R
PD4 ) ) ) ) ) 1283 _CK ) TS
SPI3_MIS
0
PD5 - - - - ; 1253 MCK - UART2_TX
(extSD)
SPI3_MOS MArT2 R
PD6 - - - - - ] - -
1253 SD
SPI3_NSS
PD7 - - - - - 1253 WS - -
PD8 - - - - - 4 - UART3_TX
oD ] - ] ] ) r ] UART3 R
X
PD10 - - - - 12C1_SCL . - -
PD11 - - TIM4_ETR - 12C1_SDA - 1283_MCK UA'.QFTS?’—C
I2C1_SMB SPI3_SCK | UART3.R
PD12 - - TIM4_CH1 - n - o o A
SPI3_MIS
o
PD13 - ; TIM4_CH2 . ) ; 1253 MCK -
(extSD)
SPI3_MOS
PD14 - ; TIM4_CH3 - ; ] i -
123 SD
SPI3_NSS
PD15 - - TIM4_CH4 - - - s -
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Pinout and assignment

Table 4-9 PD port multiplexing AF8-AF15

Pin AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
PDO - CAN1_RX - - Fmc_paz | HPUART- - -
PD1 - CAN1_TX - - Fmc_pa3 | HPUART- - -
- UART5 R - - FMC_NW ] ] ] ]
X E
PD3 - - - - FMC_CLK - - -
PD4 - - - - FMC_NOE - - -
05 ] - - ] FIC_NW ] ] ]
FMC_NW
PD6 - - - - AT - - -
PD7 - - - - FMC_NE1 - - -
oD ] - - ] FIC_DAT ] ] ]
oD ] - - ] FIC_DA1 ) ] ]
D10 ] - - ] FMC_DA1 y ] ]
5
PD11 - - - - FMC_A16 - - -
PD12 - - - - FMC_A17 - - -
PD13 - - - - FMC_A18 - - -
PD14 - - - - FMC_DAO - - -
PD15 - - - - FMC_DA1 - - -
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Pinout and assignment

Table 4-10 PE port multiplexing AFO-AF7

Pin AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PEO - - TIM4_ETR - - - - -
PE1 - - - - - 1282_MCK - -
SPI2_SCK

PE2 - - TIM3_CH1 - - 1257 CK - -
SPI2_NSS

PE3 - - TIM3_CH2 - - 1585 WS - -
[2C2_SMB | SPI2_NSS

PE4 - - TIM3_CH3 - 2 1255 WS - -
SPI2_MIS

o)

PE5 - - TIM3_CH4 - 1262 SCL | 1555 mck - -
(extSD)
SPI2_MOS

PE6 - - TIM3_CH3 - 12C2_SDA | - -
1282 _SD

PE7 - TIM1_ETR - - - S - -

PES ] TIM1_CHA ] ] ] 4 ] ]

N

PE9 - TIM1_CH1 - - - - - -

PE10 - T'M1NCH2 - ; - 1251_MCK - -
SPI1_NSS

PE11 - TIM1_CH2 - - - ST WS - -
TIM1_CH3 SPI1_SCK

PE12 ) N - n . 1281_CK ) )
SPI1_MIS

o)

PE13 - TIM1_CH3 - - - 1281_MCK ) )
(extSD)
SPI1_MOS

PE14 - TIM1_CH4 . - - | - -
1251 _SD

TIM1_BKI
PE15 - N - - - - - -
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Pinout and assignment

Table 4-11 PE port multiplexing AF8-AF15

Pin AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
o0 ] - - ] FMC_NBL | LPUART_ ] ]
oEr ] - - ] FMC_NBL | LPUART_ ] ]
PE2 - - - ETTE;E)';"” FMC_A23 - - -
PE3 - - - - FMC_A19 - - -
PE4 - - - - FMC_A20 - - -
PE5 - - - - FMC_A21 - - -
PE6 - - - - FMC_A22 - - -
PE7 UAR;7—R - - - FMC_DA4 - - -
PES UARTTT - - - FMC_DA5 - - -
PE9 - - - - FMC_DA6 \ - -
PE10 - - - - FMC_DA7 - - -
PE11 - - - - FMC_DA8 - - -
PE12 - - - - FMC_DA9 - - -
PE13 ] - - ] FIC_DA1 ] ] ]
oE14 ] - - ] FIC_DA1 ] ] ]
P15 ] - - ) FMC_DA1 ] ] ]

2
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Pinout and assignment

Table 4-12 PF port multiplexing AFO-AF7

Pin AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PFO - ; ; . 12C2_SDA S|2PS'22—_’\\}VSSS . -
PF1 ; ; ; - 12C2_SCL S;Egz—SCCKK ; -
oy ] - - ] IZCZKSMB j ] ]
PF3 - - - - - - - -
PF4 - - - - ] - - -
PF5 - ; ; - - - - -
PF6 - - - - - - - -
PF7 - - TIM5_CH2 - - SiggiséCKK - -
PF8 - - - - - - - -
SPI1_MO

PF9 - - TIM5_CH4 - - Si ) -
1251 SD

PF10 - - - - - - - -
SPI1_MO

PF11 - ; - - - Si ; -
1251_SD

PF12 - - - - \ - - -

PF13 - - - - - - - -

PF14 - - - - > - - -

PF15 - - - - - - - -
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Pinout and assignment

Table 4-13 PF port multiplexing AF8-AF15

Pin AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
PFO - - - - FMC_AO - - -
PF1 - - - - FMC_A1 - - -
PF2 - - - - FMC_A2 - - -
PF3 - - - - FMC_A3 - - -
PF4 - - - - FMC_A4 - - -
PF5 - - - - FMC_A5 - - -
PF6 - - QSPI_NSS - - - - -
PF7 UART7_TX - - - - - . -
PF8 - - QSPI_DA1 - - - - -
PF9 - - - - - - - -
PF10 - . QSPI_DA2 - . - - -
PF11 - - - - - - - -
PF12 - - - - FMC_A6 - - -
PF13 - - - : FMC_A7 - - -
PF14 - - - - FMC_A8 - - -
PF15 - - - - FMC_A9 - - -

DS_MM32F5280_ver0.6
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Pinout and assignment

Table 4-14 PG port multiplexing AFO-AF7

Pin AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PGO - - - - - - - -
PG1 - - - - - - - -
PG2 - - - - - - - -
PG3 - - - - - - - -
PG4 - - - - - - - -
PG5 - - - - - - - -
PG6 - - - - - - - -
PG7 - - - - - - = -
PG8 - - - - - - - -
PG9 - - - - - - - -

PG10 - - - - - - - -
PG11 - - - - - 1252_MCK - -

SPI2_MIS
PG12 - - - - - 9 - -
12S2_MCK
(extSD)
SPI2_SCK
PG13 ) ] ) ) ) 1282 _CK ) )
SPI2_MOS

PG14 - - - - - [ - -

1252_SD

PG15 - - - - - - - -

DS_MM32F5280_ver0.6
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Pinout and assignment

Table 4-15 PG port multiplexing AF8-AF15

Pin AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
PGO - - - - FMC_A10 - - -
PG1 - - - - FMC_A11 - - -
PG2 - - - - FMC_A12 - - -
PG3 - - - - FMC_A13 - - -
PG4 - - - - FMC_A14 - - -
PG5 - - - - FMC_A15 - - -
PG6 - - QSPI_DAO - - - - -
pG7 ] ] QSPI_SC ] ] ] ] ]

K
PG8 - - QSPI_DA3 - - - - -
PG9 UARTOR - - - FMC_NE2 - - -
PG10 - - - - FMC_NE3 4 p -
ENET_MII
PG11 i i i _TXEN i i i i
PG12 UA'.QF?—R - - - FMC_NE4 - - -
UART6_C ENET_MII
PG13 TS - - TXDO FMC_A24 - - -
UARTG6_T ENET_MII
PG14 X - - TXD1 FMC_A25 - - -
UART6_C
PG15 Ts - - - < - - -
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Table 4-16 PH port multiplexing AFO-AF7

Pin AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PHO - - - - - - - -
PH1 - - - - - - - -
PH2 - TIM1_ETR - TIM8_ETR - - - -
PH3 - - - - - - - -
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Table 4-17 PH port multiplexing AF8-AF15

Pin AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
PHO - - - - - - - -
PH1 - - - - - - - -
ENET_MII
PH2 ) ) ) _CRS ) ) ) )
PH3 - - - - - - - -
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Table 4-18 PI port multiplexing AFO-AF7

Pin AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7

PIO - T'WNCHA' - TIM8_CH4 - ; - -

PI1 - TIM2_ETR | TIM5_ETR | TIM8_ETR I2C1RSMB - - -
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Table 4-19 PI port multiplexing AF8-AF15

Pin AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
LPUART_ MDS_OUT

PIO - CAN1_RX - - - oy - 5

PI1 - CAN1_TX - - - LPU';RT—T - -
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5 Electrical characteristics

51 Test condition

All voltages are referenced to Vss unless otherwise stated.

5.1.1 Load capacitor
The load conditions for pin parameters measurement are shown in the Figure 5-1.

296610

Figure 5-1 Load condition of the pin

5.1.2 Pin input voltage
The measurement of the input voltage on the pin is shown in Figure 5-2.

0

<\ Vin )

T

814593

Figure 5-2 Pin input voltage

5.1.3 Power scheme
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The power supply design scheme is shown in Figure 5-3.

VBAT

1.8vV~3.6V

General I/O ports [

n x 100nF

E nx VDD E’j |
+1x4.7uF nxVsS

E _ Power
}/ switch

Backup circuit
(LSE, RTC
wakeup circuit,
backup regs)

Level shifter

\

Core circuit
(CPU, digital
circuit and
memories)

Analog circuits:
Oscillators,
PLL, etc.

236518

Figure 5-3 Power scheme

5.1.4 Current consumption measurement

The measurement of the current consumption on the pin is shown in Figure 5-4.

lop_veat
Vaar

(1%
7.

Figure 5-4 Current consumption measurement scheme

52 About the data

046405

The data in the chapter of electrical characteristics are classified according to the method
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shown in Table 5-1, and user can find the corresponding data type of each data in the
column of data type in each table.

Table 5-1 Data types in the Electrical Characteristics chapter

Data type Description

The data is obtained by the chip designer based on the model simulation,

D or obtained from the nominal value of the third-party semiconductor

process parameters or package parameters, and is not tested in mass
production

c The data is obtained by chip testers based on engineering sample

testing, and is not tested in mass production

= Test each chip during production and ensure that chip characteristic meet

the committed minimum and maximum values.

5.3

Stresses above the absolute maximum ratings given in "Absolute Group Maximum

Absolute maximum rating

Ratings" list (Table 5-2 and Table 5-3) may cause permanent damage to the device. These
are stress ratings only and functional operation of the device at these conditions is not
implied. Exposure to maximum rating conditions for extended periods may affect device
reliability.

Table 5-2 Voltage characteristics

Symbol Type Description Minimum | Maximum Unit
orves, | 0 | Fnmmemmaes | os |
VBAT-Vssx D Backup domain supply voltage -0.3 4.0 Vv
D Input voltage on 5VT pins Vss-0.3 5.8
Vi D Input voltage on other pins Vss-0.3 Vop+0.3
Table 5-3 Current characteristics
Symbol Type Description Maximum | Unit
IvDD/VDDA D Total current through Vbp/Voba power pins (supply current) +120
Ivssivssa Total current through Vss/Vssa ground pins (outflow current) -120
D Output sink current on any 1/O and control pins +25
< D Qutput current on any I/O and control pins -25 mA
D NRST pin injection current 5
linggeiny (D23
D HSE OSC_IN pin injection current 5
Sling(piny B D Other pins injection current ©) +25

1. This current consumption must be correctly distributed to all I/O and control pins. The total
output current must not be sunk/sourced between two consecutive power supply pins referring
to high pin count LQFP package.

2. The reverse injection current can interfere with the analog performance of the device.

3. When Vin > Vbpa, a positive injected current is generated; when Vin < Vss, a reverse injected

current is generated. Do not exceed linJ(PIN).
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4.  When there is simultaneous injection current for multiple inputs, the maximum value of ZlinyrIN)

is equal to the sum of the absolute values of the forward injection current and the reverse

injection current (instantaneous value).

5.4

5.4.1 General operating conditions

Table 5-4 General operating conditions

Operating conditions

Symbol Parameter Type Conditions Min. Typ. Max. Unit
Internal AHB clock c PWR->CR1[15:14] ) ) 120
frequency — over drive = 0x3
Internal AHB clock D PWR->CR1[15:14] } } 9%
frHeLk @) frequency = 0x0, 0x1, 0x2
Internal AHB clock PWR->CR1[15:14]
frequency — program or C = 0x0, 0x1, 0x2, - - 96 MHz
erase Flash 0x3
Internal APB1 clock
oLkt frequency c ) X ) 120
Internal APB2 clock
froLke frequency c ) i . 120
Digital circuit operating )
VD voltage C 2.7 3.3 3.6
Analog circuit operating \%
Vbpa voltage (Performance is C Musta:evthe(?)ame 2.7 3.3 3.6
guaranteed) bp
Backup domain operating
(5) - -
VBAT voltage C 1.8 3.6 \Y,
D LQFP144 - - TBD
Power dissipation
Po Temperature: Ta= 105°C ) o &&rr100 _ _ 426 mw
D LQFP64 - - 339
Ambient temperature o
Ta (extended industrial level) K ] -40 25 105 c
Junction temperature ©) ) ) ) o
£ (extended industrial level) C 40 125 C

Table 5-5 Operating conditions at power-up/power-down

1. Itis recommended to use the same power supply for Vbop and Vopa, the maximum permissible

difference between Vop and Vopa is 300mV during power up and normal operation.

2. If Tais low, higher Pp values are allowed if Ty does not exceed Timax.

3. Inlow power dissipation state, Ta can be extended to this range if Ty does not exceed Timax.

4.  When programming and erasing Flash is required, the ficLk can’'t exceed 96MHz.

5.4.2 Operating conditions at power-up/power-down

Symbol Parameter Type Conditions Min. | Typ. Max. Unit
Vob rise time tr C 2.7V <Vpp < 3.6V 300 - oo
tvop () us
Voo fall time tf C 2.7V <Vpp < 3.6V 300 - oo
Power-down
(2) - - -
Vit threshold voltage D 0 mV

1. The Vop waveforms of chip power-on and power-down must strictly follow the tr and tr phased

in the following waveform diagram Figure 5-5, and no power-down is allowed during power-on
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process.

2. Note: To ensure the reliability of chip power-on, all power-on should start from OV.

Figure 5-5 Power-on and power-down waveforms

5.4.3 Embedded reset and power control block characteristics
The parameters given in the table below are provided under the ambient temperature listed
in Table 5-4.

Table 5-6 Embedded reset and power control block characteristics

Symbol Parameter Type Conditions Min. | Typ. | Max. | Unit
C PLS[3:0]=0000 (Rising edge) - 1.77 -
Cc PLS[3:0]=0000 (Falling edge) - 1.67 -
Cc PLS[3:0]=0001 (Rising edge) - 2.07 -
C PLS[3:0]=0001 (Falling edge) - 1.96 -
Level selection C PLS[3:0]=0010 (Rising edge) - 2.36 -
of C PLS[3:0]=0010 (Falling edge) - 2.25 -
VPvD programmable \%
voltage C PLS[3:0]=0011 (Rising edge) - 2.64 -
detectors C | PLS[3:0]1=0011 (Faling edge) | - | 254 | -
C PLS[3:0]=0100 (Rising edge) - 2.93 -
C PLS[3:0]=0100 (Falling edge) - 2.84 -
C PLS[3:0]=0101 (Rising edge) - 3.23 -
C PLS[3:0]=0101 (Falling edge) - 3.13 -
VPOR/PDR Poxerre—;? Oﬁset C - - 1.63 - \Y,
Vhyst PDR hy sF;Erl: sis C - - 40 - mV
Trstrempo () | Reset duration C - - 0.02 - ms

1. The reset duration is measured from power-on (POR reset) to the time when the user
application code reads the first instruction.

5.4.4 Built-in voltage reference
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The parameters given in the table below are provided under the ambient temperature and
the Vob supply voltage listed in Table 5-4.

Table 5-7 Build-in voltage reference

Symbol Parameter Type Conditions Min. Typ. Max. Unit
Built-in voltage — Apo
VREFINT reference P Ta=25°C 112 1.2 1.25 \Y,
ADC sampling time
Ts_vrefint () | when readout build-in Cc - - 11.8 - us
voltage reference

1. The sampling time is obtained through multiple tests

5.4.5 Supply current characteristics
The current consumption is a function of several parameters and factors such as the

operating voltage, temperature, 1/0O pin loading, device software configuration, operating
frequencies, 1/0O pin switching rate, program location in memory and executed binary code.

All Run-mode current consumption measurements given in this section are performed with
a reduced code.

Current consumption
The MCU is placed under the following conditions:

e All I/O pins are in analog input mode, and connected to a static level - Vop or Vss (no
load)

e All peripherals are disabled except when explicitly mentioned

e The Flash memory access time is adjusted to the fucik (0 ~ 24 MHz is 0 waiting cycle,
24 ~ 48 MHz is 1 waiting cycle, 48 ~ 72 MHz is 2 waiting cycles, 72 ~ 96 MHz is 3
waiting cycles, 96 ~ 120 MHz is 4 waiting cycles).

e The instruction prefetching function is on. When the peripherals are enabled: fpcik1 =
fHoLk.

Note: The instruction prefetching function must be set before setting the clock and bus divider.

The parameters given in the table below are based on the ambient temperature and the
Voo supply voltage listed in Table 5-4.

Table 5-8 Typical current consumption in Run mode

Typical
Symbol | Parameters | Type Conditions Unit
-40°C 25°C 85°C 105°C

enabled fucik = 24MHz | 17.18 | 17.15 | 17.28 | 17.47
fuck=8MHz | 565 | 568 | 587 | 6.08

o] frolk = 120MHz | 93.20 | 92.52 | 92.15 | 92.15
Supply C Internal fick = 96MHz | 64.12 | 63.63 | 63.30 | 63.36
current in C clock ficlk = 72MHz | 48.74 | 48.45 | 48.34 | 48.47
IbDx Run mode, source, all mA
run from C peripherals | frcik =48MHz | 32.82 | 32.81 | 32.89 | 33.06
Flash c
o]
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Typical
Symbol | Parameters | Type Conditions Unit
-40°C 25°C 85°C 105°C
C frcLk = 4MHz 3.03 3.07 3.25 3.47
C frcLk = 2MHz 1.72 1.76 1.94 2.15
C frcLk = TMHz 1.07 1.10 1.27 1.48
C frcLk = 500KHz 0.74 0.77 0.95 1.16
C frek = 125KHz 0.49 0.52 0.70 0.91
C fuck = 120MHz | 51.49 | 51.53 51.76 51.95
C frcLk = 96MHz 33.61 33.49 33.51 33.68
C fHcLk = 72MHz 25.54 | 2547 | 25.54 25.72
C frcLk = 48MHz 17.17 17.23 17.37 17.57
c '”Ct;rcnlf' ficlk =24MHz | 925 | 923 | 9.36 9.55
C source, all fucLk = 8MHz 3.05 3.08 3.26 3.48 mA
peripherals ~
C disabled frcLk = 4MHz 1.73 1.76 1.95 2.16
C fucLk = 2MHz 1.07 1.10 1.29 1.50
C fucLk = TMHz 0.76 0.77 0.96 1.17
C frck = 500KHz 0.58 0.61 0.79 1.00
C frcLk = 125KHz 0.46 0.48 0.67 0.88
Table 5-9 Typical current consumption in Low Power Run mode
Typical
Symbol | Parameters | Type Conditions Unit
-40°C 25°C 85°C 105°C
C Internal frcLk = 2MHz 1.57 1.60 1.78 1.99
C clock frcLk = 1MHz 0.91 0.94 1.11 1.32
source, all mA
SupplY C periphera|3 frcLk = 500KHz 0.59 0.61 0.78 0.99
current in enabled
oo Low Power C fHcLk = 125KHz 0.34 0.36 0.53 0.73
X Run mode, _
un frogl C Internal fucLk = 2MHz 0.92 0.95 1.12 1.34
Flash C clock fcLk = 1MHz 059 | 062 0.79 0.99
source, all mA
C peripherals frck = 500KHz 0.43 0.45 0.62 0.82
c disabled | ¢« =125kHz | 030 | 032 | 049 | 0.70
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100
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Current (mA)
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0
0

Run mode, VDD = 3.3V, 25°C

MHz 20MHz 40MHz 60MHz 80 MHz 100 MHz 120 MHz 140 MHz

—@— All peripherals disabled —@— All peripherals enabled

Figure 5-6 Run mode power consumption vs. frequency at Ta = 25°C

Current (mA)
©c o o =
N o e} = N

o
(V)

0

VDD = 3.3V, 25°C, all peripherals disabled

0.000 MHz  0.500 MHz 1.000 MHz  1.500 MHz 2.000 MHz  2.500 MHz

—&—Run mode —@—Low power run mode

Figure 5-7 Run mode and Low Power Run mode power consumption vs. frequency at Ta = 25°C
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Table 5-10 Typical current consumption in Sleep mode

Typical
Symbol | Parameters | Type Conditions Unit
-40°C 25°C 85°C 105°C
C fick = 120MHz | 65.25 | 64.82 | 64.56 | 64.65
C fHcLk = 96MHz 47.73 | 47.45 | 47.31 47.42
C fHoLk = 72MHz 36.34 | 36.20 | 36.20 | 36.35
C fHcLk = 48MHz 2475 | 24.71 24.80 | 24.99
@ '”Ctgcr‘f' fuclk = 24MHz | 12.97 | 12.97 | 13.11 | 13.31
C source, all frcLk = 8MHz 4.20 4.24 4.44 4.65 mA
peripherals —
C enabled fHcLk = 4MHz 2.31 2.35 2.52 2.74
C fHcLk = 2MHz 1.36 1.40 1.57 1.78
C fHcLk = 1MHz 0.89 0.92 1.10 1.31
C fHck = 500KHz 0.65 0.68 0.86 1.07
Supply C ficlk = 125KHz | 0.47 0.50 0.68 0.89
IDDx current in
S|eep mode C fHCLK =120MHz 23.36 23.36 23.52 23.74
C fHcLk = 96MHz 1718 | 1715 | 17.27 | 17.46
C fHcLk = 72MHz 13.17 | 13.16 | 13.29 | 13.48
C fHcLk = 48MHz 9.14 9.13 9.27 9.46
c Internal fuck =24MHz | 510 | 5.09 | 522 | 542
clock
C source, all frcLk = 8MHz 1.63 1.66 1.85 2.06 mA
peripherals —
C disabled fHcLk = 4MHz 1.02 1.05 1.24 1.45
C fHcLk = 2MHz 0.72 0.75 0.93 1.14
C fHcLk = 1MHz 0.57 0.60 0.78 0.99
C fHcLk = 500KHz 0.49 0.52 0.70 0.91
c fHcLk = 125KHZz 0.44 0.46 0.64 0.85
Table 5-11 Typical current consumption in Stop and Deep Stop mode
Typical
Symbol Parameter Type Conditions Unit
-40°C 25°C 85°C 105°C
Suopl ti Enter Stop mode
upply currentin c after reset, 86.03 | 329.28 | 64563 | 908.33
Stop mode _
loox ™ Vbp=3.3V UA
X Suopl i Enter Deep Stop
D:zp éf(;‘”ﬁ:)d'g C mode after reset, 1.58 915 | 123.11 | 278.39
ptop Vpp=3.3V
1. The I/O state is an analog input.
Table 5-12 Typical current consumption in Standby mode
Typical
Symbol Parameter Type Conditions Unit
-40°C | 25°C | 85°C | 105°C
LSI, LSE, RTC, IWDG
1 ’ ’ ’
Ioox (M C a1l disabled 032 | 059 | 4.90 | 12.02 | uA
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Symbol Parameter

Supply current
in Standby
mode

Typical
Type Conditions Unit

-40°C | 25°C | 85°C | 105°C

c LSI'and IWDG 103 | 151 | 6147 | 13.40
enabled

C LSE and RTC enabled 0.74 1.05 5.53 12.69
C LSI enabled 0.95 1.41 6.08 13.34
C LSE enabled 0.74 1.05 5.59 12.77

1. The I/O state is an analog input.

Current (mA)
N w H a
o o o o

[Eny
o

0

Sleep mode, VDD = 3.3V, 25°C

0MHz 20 MHz

40 MHz 60 MHz 80 MHz 100 MHz 120 MHz 140 MHz

—@— All peripherals disabled

All peripherals enabled

Figure 5-8 Sleep mode power consumption vs. frequency at Ta = 25°C

On-chip peripheral current consumption

The current consumption of the on-chip peripherals is given in the following table. The
MCU is placed under the following conditions:

e All'l/O pins are in analog input mode and connected to a static level - Voo or Vss (no

load).

e All peripherals are disabled unless otherwise specified.

e The given value is calculated by measuring the current consumption.

— When all peripherals are clocked off

— When only one peripheral is clocked on

e Ambient operating temperature and Voo supply voltage conditions are listed in Table

5-4.

Table 5-13 On-chip peripheral current consumption

Symbol Parameter

Type

Bus

Typical

Unit

IDDx DMA1

C

AHB

5.01

uA/MHz
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Symbol Parameter Type Bus Typical Unit
DMA2 C 4.76
CRC 2.09
ENET C 2317
CORDIC C 3.89
GPIOA C 0.61
GPIOB C 0.65
GPIOC C 0.73
GPIOD C 0.70
GPIOE C 0.72
GPIOF C 0.66
GPIOG C 0.63
GPIOH C 0.1
GPIOI C 0.66
USB OTG FS Cc 6.05
FSMC Cc 11.55
QSPI C 3.72
TIM2 C 8.05
TIM3 C 6.29
TIM4 C 6.18
TIM5 C 8.08
TIM6 C 2.78
TIM7 C 2.87
WWDG C 0.35
SPI2 C 9.79
SPI3 C 9.43
UART2 C 7.86
UART3 C APBT 7.60
UART4 C 7.82
UART5 C 7.62
12C1 C 18.09
12C2 C 18.33
CRS C 0.75
PWR C 1.54
DAC C 2.02
UART7 C 7.80
FlexCAN1 C 18.28
SYSCFG C 0.32
LPUART C 0.75
ADC1 C APB2 9.62
ADC2 C 9.79
TIM1 C 12.07
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Symbol Parameter Type Bus Typical Unit

SPI1 C 9.15

TIM8 11.83

UART1 C 7.71

UART6 C 7.84

COMP C 1.48
FlexCAN2 C 17.95

LPTIM C 1.89

MindSwitch C 0.12

1. fruck = 120MHz, fape1 = fHcLk, fape2 = fHeLk, the prescaler coefficient of each peripheral is the
default value.

Wake up time from low power mode

The wake-up time listed in the table below is measured during the wake-up process of the
internal clock HSI. The clock source used to wake up the chip depends on the current
operating mode:

e Stop or Standby mode: the clock source is the oscillator
e Sleep mode: the clock source is the clock used when entering the Sleep mode.

The parameters given in the table below are based on the ambient temperature and the
Voo supply voltage listed in Table 5-4.

Table 5-14 Wake up time from low power mode

Symbol Parameter Type Conditions Typical Unit
twusLEEP wis urp:]grg;n e’ C System clock is HSI 3.56 us
Wake up from Stop
twusTor mode (regulator is in C System clock is HSI 13.04 us
Run mode)
Wake up from Deep
twupeepstop | Stop mode (regulator C System clock is HSI 14.7 us
is in low power mode)
Wake up from AT
twusTDBY Standby mode C PWR->CR6[2:0] = 0x0 238.04 us
Wake up from AT
twusTDBY Standby mode C PWR->CR6[2:0] = 0x1 262.62 us
Wake up from P
twusTDBY Standby mode C PWR->CR6[2:0] = 0x2 286.34 us
Wake up from P
twusTDBY Standby mode C PWR->CR6[2:0] = 0x3 309.38 us

5.4.6 External clock source characteristics

High-speed external user clock generated from an external source

The characteristic parameters given in the following table are measured by a high-speed
external clock source, and the ambient temperature and power supply voltage meet
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General operating conditions.

Table 5-15 High-speed external user clock characteristics

Symbol Parameter Type | Condition | Min. Typ. Max. Unit
User external clock
fHSE_ext source frequency C - - 8 32 MHz
OSC_IN input high level
VHSEH voltage Cc - 0.7Vbp - VoD \Y,
OSC_IN input low level
VHSEL voltage C - Vss - 0.3Vop vV
twinsey | OSC_IN high or low time C - 15 - - ns
A
VHSEH
90%

10%
VHSEL

S I A =

External clock source| THSE_ext |OSC_IN

Figure 5-9 High-speed external clock source AC timing diagram

Low-speed external user clock generated from external oscillator source

The parameters of characteristics given in the following table are measured by a low-speed
external clock source, and the ambient temperature and supply voltage conform to the
general operating conditions.

Table 5-16 Low-speed external user clock characteristics

Symbol Parameter Type | Condition Min. Typ. Max. Unit
fLSE_ext Userffégi';”:c'yc'oc" c - - | 32.768 | 1000 | KHz
VLsSEH Oscl—el\';leilnv%:tt a%ig high C - 0.7Vop - Vbbb Vv
VLsEL OSCl_eIVI\élir:/gﬁtagier; low ] - Vss - 0.3Vbp \
fw(LSE) OSC_INti:lgh or low c ) 250 ) ) ns
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VLSEH
90%

10%
VLSEL

External clock source

LT

fLSE ext
e -

OSC32_IN

Figure 5-10 Low-speed external user clock alternate current timing diagram

High-speed external clock generated from a crystal/ceramic resonator

The high-speed external (HSE) clock can be supplied with a 4 to 24 MHz crystal/ceramic

resonator oscillator. All the information given in this paragraph is based on the design

simulation results obtained with typical external components specified in the table below.

In the application, the resonator and the load capacitors must be placed as close as

possible to the oscillator pins to minimize output distortion and stabilization time at startup.

Refer to the crystal resonator manufacturer for more details on the resonator

characteristics (frequency, package, accuracy...).

Table 5-17 HSE oscillator characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
Oscillator
fosc_IN frequency C 2.7V<Vpp<3.6V 4 8 24 MHz
RF Feedback C ; ; 1000 . kQ
resistor (@)
Support
crystal serial D fosc_IN =24M - - 60 0
ESR impedance
(Cu1CL2Mis D fosc_IN =12M - - 150 Q
16pF) B
fosc_IN =24MHz,
ESR=30Q, Vop = 3.3V
HSE current N, ’
2 consumption C CL1CL2(M is 20pF - 0.96 - mA
HSEIB=11
HSEDR=10
tsu vse, @) | Startup time c Vo is stable - 5 - ms

1. For Cuiand Ciz, itis recommended to use high-quality external ceramic capacitors in the 5 pF

to 25 pF range (Typ.), designed for high-frequency applications, and selected to match the
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requirements of the crystal or resonator. CL1 and Ci2 are usually the same size. The crystal
manufacturer typically specifies a load capacitance which is the series combination of CL1 and
CL2. PCB and MCU pin capacitance must be included (10 pF can be used as a rough estimate
of the combined pin and board capacitance) when sizing CL1 and Cy2.

2. The relatively low value of the Rr resistance can be used to avoid problems arising from the
use of wet conditions to provide protection, this environment results in leakage and bias
conditions have changed. However, if the MCU is applied in bad wet conditions, the design
needs to take this parameter into account.

3. tsuHsk)is the startup time measured from the moment it is enabled (by software) to a stabilized

8 MHz oscillation is reached. This value is measured for a standard crystal resonator, and it
can vary significantly with the crystal manufacturer.

CL1
[ J—‘ OSC_IN frise
| |>
l 8MHz

Amplifier
>
- resonator

o
W

OSC_OuT

*Inthe sample, R,, =5100

Figure 5-11 Typical application with an 8 MHz crystal

Low-speed external clock generated from a crystal/ceramic resonator

The low-speed external (LSE) clock can be generated by an oscillator composed of a
32.768KHz crystal/ceramic resonator. All the information given in this section is based on
the results obtained from comprehensive characteristic evaluation with typical external
components specified in the table below. In the application, the resonator and the load
capacitors must be placed as close as possible to the oscillator pins to minimize output
distortion and stabilization time at startup. Refer to the crystal resonator manufacturer for
more details on the resonator characteristics (frequency, package, accuracy, etc.). (Note:
the crystal oscillator is the passive crystal oscillator we usually refer to)

Note: For Cu1 and Ciz, it is recommended to use a high quality 5pF ~ 15pF ceramic
capacitor and a conformance crystal or resonator. C.1 and Ciz2 usually have the same
parameters. The crystal manufacturer typically gives the load capacitance parameters in
serial combination of C.1 and Ci2. The load capacitor C. is calculated by the following
formula: CL = Cr1 X Cr2/ (Cu1 + Ci2) + Cstray, Where Cstray pin capacitor and PCB board or
PCB-related capacitor, and its typical value is in 2pF ~7pF. Warning: To avoid surpassing
the maximum value (15pf) of CL1 and Cv2, it is highly recommended to use a resonator with

load capacitor CL < 7PF. The resonator with load capacitor 12.5pF cannot be used. For
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example, if a resonator with load capacitor C. = 6pF is selected and Cstay = 2pF, CL1 =
CL2= 8pF.

Table 5-18 LSE oscillator characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
Oscillator
fosc_in frequency C 2.7V<Vpp<3.6V - 32.768 - KHz
C IBSEL=00 DR=11 - 200 - nA
Ioose) @ LSE currtgnt SSELSI0
consumption = ; )
c DR=01(default) TBD nA
tsuse) @ Startup time C Vpp is stable - 2.3 - s

1. Select a high-quality oscillator (such as MSIVTIN 32.768KHz) with a smaller RS value to
optimize current consumption. For details, please consult the crystal manufacturer.

2. tsusk) is the startup time, measured from the moment it is enabled LSE by software to a
stabilized 32.768KHz is reached. This value is measured from a standard crystal resonator,
and it can vary significantly with the crystal manufacturer.

RF |controlled
gain

32.768KHz

1
f‘ %‘ Resonator

m
WWW

JIj 0SC32_IN Bias D fLSE
LJ

0SC32_0uUT

Figure 5-12 Typical application with a 32.768KHz crystal

5.4.7 Internal clock source characteristics
The characteristic parameters given in the table below are measured using ambient
temperature and supply voltage in accordance with general operating conditions.

High-speed internal (HSI) oscillator

Table 5-19 HSI oscillator characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
fHsi Frequency C - - 8 - MHz
ACChs HS! oscillator P Ta=25°C -1 - +1 %
deviation C | TA=-40°C~105°C | -25 - +2.5 %
o | e | o | R
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Symbol Parameter Type Conditions Min. Typ. Max. Unit
HSI oscillator
Ioo(Hsi) power consumption c ] ) 75 ) uA
Low-speed internal (LSI) oscillator
Table 5-20 LSI oscillator characteristics
Symbol Parameter Type Conditions Min. Typ. Max. Unit
fisi Frequency P 40Kg§fg°de' 36 40 44 KHz
LSI oscillator startup
tsu(siy time C - - - 100 us
LS| oscillator power
Iob(LsI) consumption C - - 0.2 - uA

5.4.8 PLL1 characteristics
The relationship between the input clock frequency feii in and output clock fpiir our

frequency is:

Equation 1

f PLL1_IN

fPLLl_OUT

PLLIDIV[2:0] +1 PLLIMUL[6:0] + 1

PLL1IMUL[6:0] and PLL1DIV[2:0] are the frequency division ratio settings of the PLL1

frequency divider and output frequency divider.

The parameters listed in the following table are provided under ambient temperature and

power supply voltage in accordance with general working conditions.

Table 5-21 PLL1 characteristics

Symbol Parameter Type | Conditions Min. Typ. Max. Unit
feLL1 N PLL1 input clock M C - 4 8 24 MHz
PLL1 input clock duty ) ) o

DpLL1 N cycle D 20 80 %
fuco VCO output clock C - 200 - 400 MHz

fPLL1_ouT PLL1 output clock C - 25 - 200 MHz

PLL1 current fuco =
IbD(PLL1) consumption C 400MHz - 2.6 - mA

1. Use the correct multiplication factor to ensure the fpLL1 out is within the allowable range

according to the PLL1 input clock frequency.

5.4.9 PLL2 characteristics
The relationship between the input clock frequency frLiz in and output clock feLiz out

frequency is:

Equation 2
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fPLLZ_IN

fPLLZ_O uT

(PLL2PDIV[2: 0] + 1) * (PLL2DIV[2: 0] + 1) - PLL2MUL[7:0] + 1
PLL2PDIV[2:0], PLL2MUL[6:0] and PLL2DIV[2:0] are the frequency division ratio settings

of the PLL2 frequency divider and output frequency divider.

The parameters listed in the following table are provided under ambient temperature and

power supply voltage in accordance with general working conditions.

Table 5-22 PLL2 characteristics

Symbol Parameter Type | Conditions Min. Typ. Max. Unit
fPLL2_IN PLL2 input clock (M C - 4 8 24 MHz
PLL2 input clock duty ) ) o

DpLL2_IN cycle D 20 80 %
fuco VCO output clock @ C - 80 - 200 MHz
frLL2_ouT PLLZ2 output clock C - 10 - 200 MHz

PLL2 current fuco =
IDD(PLL2) consumption C 200MHz - 1.6 - mA

1. This range is applicable when PLL2PDIV = 0O; If PLL2PDIV is not 0, then this range should be
applied to fpLi2_in/(PLL2PDIV+1).

2. Use the correct multiplication factor to ensure the fpLL2 out is within the allowable range

according to the PLL2 input clock frequency.

5.4.10 Memory characteristics

Table 5-23 Flash memory characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
16-bit programming
tprog e D - - 28.4 - us
Page (1024 bytes) ) ) )
tERASE oril: tufl D 4.5 ms
tvE Mass erase time D - - 30 - ms
D Write mode - - 7 mA
Ipp Supply current
D Erase mode - - 2 mA
Table 5-24 Flash memory endurance and data retention
Symbol Parameter Type | Conditions Min. Typ. Max. Unit
NEND Endurance D - 20000 - - Cycles
D Ta=105°C 10 - -
Data — oro
Tor retention D Ta=85°C 25 - - Years
D Ta=25°C 100 - -
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Table 5-25 QSPI Flash memory characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
Page programmin
tprog 9 ptin%e 9 D - - 1.5 - ms
tse Sector erase time D - - 60 - ms
Block (32KB) erase
tBE time D - - 150 - ms
tme Mass erase time D - - 8 - S
D Write mode - 10 - mA
IpD Supply current
D Erase mode - 10 - mA
Table 5-26 QSPI Flash memory endurance and data retention
Symbol Parameter Type | Conditions Min. Typ. Max. Unit
NEND Endurance D - 100000 - - Cycles
Data —heo
Tor retention D Ta=25°C 20 - - Years

5.4.11 EMC characteristics
Susceptibility tests are performed on a sample basis during device characterization.

Functional EMS (electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports),
the device is stressed by two electromagnetic events until a failure occurs. The failure is
indicated by the LEDs:

e Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until
a functional disturbance occurs. This test is compliant with the IEC 61000-4-2 standard.
e FTB: A Burst of Fast Transient voltage (positive and negative) is applied to VDD and

VSS through a 100 pF capacitor, until a functional disturbance occurs. This test is
compliant with the IEC 1000-4-4 standard.

A device reset allows normal operations to be resumed. The test results are given in the
following table.

Table 5-27 EMS characteristics

Symbol Parameter Type Conditions Level/Type
Vpp = 3.3V, Ta= +25°C,
VEESD VoI.tage I|m|.t apphed to any 110 c fHCU.( = 120MHz. TBD
pin, resulting in malfunction Conforming to IEC61000-
4-2
Fast transient voltage burst limits Vbbb = 3.3V, Ta=+25°C,
to be applied through 100 pF on fHcLk = 120MHz.
VrerT VDD and VSS pins to induce a C Conforming to IEC61000- TBD
functional disturbance 4-4
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Designing hardened software to avoid noise problems

EMC characterization and optimization are performed at component level with a typical
application environment and simplified MCU software. It should be noted that good EMC
performance is highly dependent on the user application and the software.

It is recommended that the user applies EMC software optimization and prequalification
tests in relation with the EMC level requested for his application.

Software recommendations

The software flowchart must include the management of runaway conditions such as:
e Corrupted program counter

e Unexpected reset

e Critical Data corruption (for example control registers)

Prequalification trials

Most of the common failures (unexpected reset and program counter corruption) can be
reproduced by manually forcing a low state on the NRST pin or the Oscillator pins for 1
second.

To complete these trials, ESD stress can be applied directly on the device, over the range
of specification values. When unexpected behavior is detected, the software can be
hardened to prevent unrecoverable errors.

Functional EMS (Electrical Sensitivity)

Based on three different tests (ESD, LU) using specific measurement methods, the device
is stressed to determine its performance in terms of electrical sensitivity.

Electrostatic discharge (ESD)

Electrostatic discharges (a positive then a negative pulse separated by 1 second) are
applied to the pins of each sample according to each pin combination. The sample size
depends on the number of supply pins in the device (3 parts x (n+1) supply pins). This test
conforms to the JESD22-A114/C101 standard.

Static latch-up

Two complementary static latch-up tests are required on six parts to assess the latch-up
performance:

e A supply overvoltage is applied to each power supply pin

e A current injection is applied to each input, output, and configurable 1/O pin

These tests are compliant with EIA/JJESD78E IC latch-up standard.
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Table 5-28 ESD & LU characteristics

Symbol Parameter Type Conditions Maximum | Unit
L Ta = 25°C, conforming
Electrostatic discharge voltage '
VESD(HBM) C to ESDA/JEDEC JS- TBD \%
(Human body model) 001-2017
o Ta = 25°C, conforming
Electrostatic discharge voltage '
VESD(CDM) : : C to ESDA/JEDEC JS- TBD Vv
(Charging device model) 002-2018
Ta = 25°C, conforming
c to JESD78E, TBD mA
ILu Latch-up current = -
c Ta = 105°C, conforming TBD mA
to JESD78E,

5.4.12 1/O port characteristics

General input/output characteristics

Unless otherwise specified, the parameters given in Table 5-4 are used for tests. All /O
ports are CMOS compatible.

Table 5-29 /O static characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
Vi Low level input voltage C Vop = 3.3V - 1.2 1.39 \Y
Vi Low level input voltage C Vpp =5V - 1.8 21 \%
ViH High level input voltage Cc Vop = 3.3V 1.65 1.8 - Vv
ViH High level input voltage C Vpp = 5V 2.41 26 - \Y
Vhy Schmitt trigger hysteresis C Vop = 3.3V - 0.6 - \%
Vhy Schmitt trigger hysteresis C Vop = 5V - 0.6 - \Y
likg Input leakage current () P Vop = 3.3V - - 1 uA
likg Input leakage current (1) D Vop = 5V - - 1 uA

Weak pull-up equivalent _ _
Rpu resistor @ C Vop = 3.3V, VIN= Vss 25 50 85 kQ
Weak pull-up equivalent _ _
Rpu resistor @) C Vop = 5V, VIN= Vss 25 50 85 kQ
Weak pull-down Vop = 3.3V, VIN=
Reo equivalent resistor (@ C Vbb 25 50 85 kQ
Weak pull-down _ _
Rpp equivalent resistor @ C Vop =5V, VIN = Vss 25 50 85 kQ
Cio I/0 pin capacitance D - - - 10 pF

1. If there is reverse current in the adjacent pin, the leakage current may be higher than the
maximum value.

2. The pull-up and pull-down resistors are poly resistors.

Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to £20mA.
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Table 5-30 Output voltage static characteristics, Vop = 3.3V

In the user application, the number of I1/O pins must ensure that the drive current must be

limited to respect the absolute maximum rating specified in Table 5-2:

Output voltage levels

The sum of the currents sourced by all the I/O pins on Vop, plus the maximum operating

current that the MCU sourced on Vop, cannot exceed the absolute maximum rating

Ivpp.

The sum of the currents drawn by all I/O ports and flowing out of V'ss, plus the maximum

operating current of the MCU flowing out on Vss, cannot exceed the absolute maximum

rating lvss.

Unless otherwise stated, the parameters listed in the table below are provided under the

ambient temperature and VDD supply voltage in accordance with the conditions

summarized in Table 5-4. All I/O ports are CMOS compatible.

Symbol Parameter Type MODEX[1:0] Conditions Typical Unit
VoL Output low voltage c llio]= 6mA, 0.1
Von® Output high voltage C Vop=3.3V 3.13
Vo™ Output low voltage C 11 [lio|= 8mA, 0.15
Vou® Output high voltage c (High speed) Vop =3.3V 3.07
Vo™ Output low voltage c llio|=20mA, 0.42
Vou® Output high voltage c Vop =3.3V 2.65
Vo ™M Output low voltage c [lio]= 6mA, 0.1
Von® Output high voltage c Vop =3.3V 3.13
Vo ™M Output low voltage c 10 [lio]= 8mA, 0.15
Vor®@ Output high voltage c (?ESQLQT Voo =3.3V 3.07 '
VoL Output low voltage c llio|=20mA, 0.42
Von®@ Output high voltage C Vop =3.3V 2.65
Vo™ Output low voltage c llio]= 6mA, 0.1
Vou® Output high voltage c Vop =3.3V 3.13
Vo™ Output low voltage c 01 [lio]= 8mA, 0.15
Vor@ Output high voltage C (Low speed) Vop =3.3V 3.07
Vo™ Output low voltage C llio|=20mA, 0.42
Vou@ Output high voltage c Vop =3.3V 2.65

1. The current lio drawn by the chip must always follow the absolute maximum ratings given in the
table, and the sum of lio (all I/O pins and control pins) cannot exceed lvss.
2. The current lio output by the chip must always follow the absolute maximum ratings given in

the table, and the sum of lio (all I/O pins and control pins) cannot exceed Ivop.
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Input/output AC characteristics

The definitions and values of the input and output AC characteristics are given in the
following figure and table, respectively.

Unless otherwise stated, the parameters listed in the following table are provided under
the ambient temperature and supply voltage in accordance with the condition Table 5-4.

Table 5-31 I/O AC characteristics ()@

Symbol Parameter Type | MODEXx[1:0] | Conditions | Typical | Unit
tr1o)out Output fall time C 11 3.87 ns
tr(0)out Output rise time C s(yégz) 4.53 ns
trio)out Output fall time C (M;d()ium CL = 50pF 6.77 ns
triojout Output rise time C speed) Vb =3.3V | 1117 ns
tf1o)out Output fall time C 01 17.5 ns
tr(ojout Output rise time C (Low speed) 34 ns

1. The speed of the I/O port can be configured through MODEX[1:0]. Refer to the description of
the GPIO port configuration register in this chip user manual.

2. The maximum frequency is defined in Figure 5-13.

90% 10%

External output

load is 50pF  tr (10)out :<_>: .<_>: tf (10)out
[ ! ! !

e T >

If ((tr + tf) < 2/3)T, and duty cycle is (45 ~ 55%)
when load is 50pF, can achieve maximum efficiency.

Figure 5-13 1/0O AC characteristics

5.4.13 NRST pin characteristics
The NRST pin input driver uses the CMOS technology. It is connected to a permanent

pullup resistor, Rpu.
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Table 5-32 NRST pin characteristics

Symbol Parameter Type | Conditions | Min. Typ. Max. Unit
VIL(NRST) NRST input low voltage C Vpp=3.3V - 1.2 - \%
VIH(NRST) NRST input high voltage C Vbp=3.3V - 1.8 - \V;
NRST Schmitt trigger _
Vhys(NRST) voltage hysteresis C Vbop=3.3V - 0.6 - \
Weak pull-up equivalent Vpp=3.3V,

Rru resistor D VIN = Vss 25 S0 85 KQ
VF(NRST) NRST input filtered pulse - - - 1 us
VNENRsT) | NRST input not filtered pulse D - 4 - - us

(o) ———
External reset circuifo=="\/pp =g \VbD
1/ \‘\
/ tooka Reu
\ (2)
/ \NRST r Internal reset
L Filter —|>c—>

P Ll t

-
T

lt —O0.1pF
S
\ = - ,I
N ’
S ’,
~ ’,

~ L d

bl P

Figure 5-14 Recommended NRST pin protection

1. The reset network is to prevent parasitic reset

2. The user must ensure that the potential of the NRST pin is below the maximum ViLrsT) listed

in Table 5-32, otherwise the MCU cannot be reset.

5.4.14 Timer characteristics
For details on the characteristics of the input and output multiplex function pins (output

compare, input capture, external clock, PWM output), see section 5.4.12 /O port

characteristics.

Table 5-33 TIMx characteristics

Symbol Parameter Type | Condition Minimum Maximum Unit
Timer clock fr$Ic1Mugncy - TIM1 & D _ R 200
frimscLi Timer clock frequency — TIMx D ) - 120 e
except TIM1 & TIM8
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Symbol

Parameter

Type

Condition

Minimum

Maximum

Unit

tres(TIM)

1

tTImMxcLK

Timer resolution time

frimxcLk =
120MHz

8.4

ns

fext

External clock frequency of

frimxcLk / 2

channel 1to 4

O |O| O

frimxcLk =
120MHz

60

MHz

Restim

Timer resolution

w)}

TIMx(except
TIM2 and
TIM5)

16

TIM2 and
TIM5

32

bit

tCOUNTER

65536

tTimMxcLK

16-bit counter period

frimxcLk =
120MHz

546

us

tMAX_COUNT

Maximum possible count with

6553665536

tTIMxcLK

32-bit counter

O |0l O |O0O| O

frimxcLk =
120MHz

35.7

S

tw

Min pulsewidth on TIx and ETR
input

tTiMxcLK

fetr

ETPS=00,
No
frequency
division

frimxcLk / 4

ETR input clock frequency

ETPS=01,
frequency
divided by 2

frimxcLk / 2

ETPS=10,
frequency
divided by 4

friMxcLK

ETPS=11,
frequency
divided by 8

friMxCLK X 2

MHz

5.4.15 12C interface characteristics
Unless otherwise specified, the parameters given in the following table are derived from

tests performed under the ambient temperature, frciki frequency and supply voltage

conditions summarized in Table 5-4.

The 12C interface conforms to the standard 12C communication protocol but has the

following limitations: SDA and SCL are not true open-drain pins. When configured as open-

drain output, the PMOS transistor between the pin and Voo is disabled, but still present.

The 12C characteristics are listed in the following table. Refer to section 5.4.12 1/O port

characteristics for details on the characteristics of input/output alternate function pins (SDA

and SCL).

Table 5-34 12C characteristics

Standard mode Fast mode Fast mode plus
Symbol Parameter Type Unit
Min. Max. Min. Max. Min. Max.
tw(scLL) SCL clock low time D 8*trcLk - 8*trcLk - 8*trcLk - us
tw(SCLH) SCL clock high time 6*trcLk - 6*trcLk - 6*trcLk - us
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Standard mode Fast mode Fast mode plus
Symbol Parameter Type Unit
Min. Max. Min. Max. Min. Max.
tsu(spA) SDA setup time D 2*trcLk - 2*trcLk - 2*trcLK - ns
SDA data retention
th(sba) time D 0 - 0 - 0 - ns
tr(sba) SDA anq SCL rising D ) 1000 ) 300 ) 120 ns
tr(scL) time
ti(sDA) SDA an_d SCL fall D ) 300 ) 300 ) 120 ns
ti(scL) time
th(sTA) Start Cot?::gon hold D 6*trcLk - 6*trcLk - 6*trcLk - us
tsu(sTA) Start cor;i(;iTl]téon setup D 8*trcLk - 6*trcLk - 6*trcLk - us
tsu(sTO) Stop cor:idr: (laon setup D 6*trcLk - 6*trcLk - 6*trcLk o us
Time from Stop
tw(sTO:STA) condition to Start D 8*trcLk - 8*trcLk - 8*trcLk - us
condition (bus idle)
Capacitive load of
Cb each bus D - 400 - 400 - 550 pF

1. fpck1 must be at least 3MHz to achieve standard mode 12C frequencies. It must be at least
12MHz to achieve fast mode 12C frequencies.
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4.7KQ

4.7KQ

12C BUS

70%
30%

tsu cspa

»+ SDA

«+SCL

Figure 5-15 12C bus AC waveform and measurement circuit

Note: Measurement point is set to the CMOS level: 0.3Vpp and 0.7Vopp.

5.4.16 SPI characteristics
Unless otherwise specified, the parameters given in the following table are derived from

tests performed under the ambient temperature, fecLkx frequency and Voo supply voltage
conditions summarized in Table 5-4.

Refer to section 5.4.12
alternate function characteristics (NSS, SCK, MOSI, MISO).

I/0 port characteristics for more details on the input/output

Table 5-35 SPI characteristics

Symbol Parameter Type Conditions Minimum Typical Maximum | Unit
fsck SPI clock D Master mode - 36 48 MHz
1hte(scr frequency D Slave mode - 18 24
tr(sck) SPI clock rise time D Load capacitance: C = - - 3 ns
15pF
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Symbol Parameter Type Conditions Minimum Typical Maximum | Unit
ti(sck) SPI clock fall time D Load capacitance: C = - - 3 ns
15pF
tsu(NsS) NSS setup time D Slave mode 1*tpcLk - - ns
th(Nss) NSS hold time D Slave mode 2*tpcLi - - ns
tw(sSCKH) SCK high time D - tesck)/2-3 - - ns
tw(scKL) SCK low time D - te(scky/2-3 - - ns
Master mode, fecLk = 27. ns
tsumi) Data input setup D 96MHz, prescaler = 2, N*tescry/2 ) R
time high speed mode
tsu(sl) D Slave mode 5 - s ns
Master mode, frcik = " ns
’ +
thomiy Data input hold D 96MHz, prescaler = 2, 0+N %SCK)/Z - -
time high speed mode
th(sl D Slave mode 5 - - ns
¢ Data output valid D Master mode (after ) ) 6 ns
v(MO) time enable edge)
. 30- ns
t Data output valid D Slave mode (after ) ) Nt 2
v(SO) time enable edge) By
¢ Data output hold D Master mode (after 2 } ) ns
h(MO) time enable edge)
¢ Data output hold D Slave mode (after 10 ) ) ns
n(SO) time enable edge)

1. The sampling point of the received data can be adjusted when the host is in the high-speed
mode. Adjustment can be made to tsuoi by configuring the control bit RXEDGE of the register

CCTL in order to optimize the timing margin, where the N value is shown below:

If RXEDGE=1, then N=0; if RXEDGE=1, then N= (fpcLk/fsck) /2.

2. The control bit TXEDGE of the CCTL register can be configured to make the early release of
slave output SO to the pin possible (without waiting for the input clock SCK edge) to optimize

the timing margin, where the N value is shown below:

If TXEDGE=0, then N=0; if TXEDGE=1, then

When 7<=fpcLk /f sck <8, N=3;

When 6<=f pcLk /f sck <7, N=2;

When 5<=fpcLk /f sck <6, N=1;

When 4<=fpcik /f sck <5, N=0.
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NSS inputx

tsunss) |

CPOL =1

SCK input

CPHA=0 l Y ‘ |
CPOL=0 : I |
—»

‘tdus(SO)

| tv(so)4—>» th(s0) - — Ll tr(sCK)
! | " tf(SCK) ‘

MISO /
OuTPUT

tsu(sh——

f MSB OUT >( BIT6 out Y LSB OUT >>

MOsI
INPUT

AAGE

MSB IN >< BIT1IN

Y tssn NN

.Y

|
i
. th(si)
|

Figure 5-16 SPI timing diagram-slave mode and CPHA =0, CPHASEL =1
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NSS input | f

tsunss) ¢, ——tc(sCcK) —») thinss) ¢ ’ii
! H | ! 1 "y
= | CPHA=1 I i | ! ' / { ¥
2 [CcPOL=0——& ! . e i
= "TW(SCKHY) & o ! | ! x |
5 CPHA =1 tw(sckL) | I : L ! Y :
@ |cPoL=1 | | ! \\J ? / |
! | ! : ! | 1 . |
! |I tv(so) N thso) : e :: tdis(s0) L

MISO Ly ' : - ?
outruT— /| MsBlOUT >< BIT6 OUT ;>< LSB OUT
I I T

|
tsu(si :4—» &th(sn —

ves XU weew (e ) e I

429658

Figure 5-17 SPI timing diagram-slave mode and CPHA = 1, CPHASEL =1 @

1. Measurement points are set at CMOS levels: 0.3Vop and 0.7Vbp
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CPHA
CPOL

SCK output

CPHA
CPOL

CPHA
CPOL

SCK oitput

CPHA
CPOL

MISO
INPUT

MOS
OUTPUT

NSS input

High

|
|
|
|
\
|
I Itw (SCKH)

I ! tr (SCK)
tsu(MI) :ﬂ :tw (SCKL):‘—M : tf (SCK)
8 | MSBIN | mm N | LSB IN ><><><><><
[ I I I
<+ th(M|>+f |
| o |
MSB OUT| BIT1 OUT | >< LSB OUT
tv(MO) & M th(mO Y&

184118

Figure 5-18 SPI timing diagram-master mode, CPHASEL =1 1)

1. Measurement points are set at CMOS levels: 0.3Vop and 0.7Vpp.

5.4.17 USB FS OTG Characteristics

Table 5-36 USB electrical characteristics

Symbol Parameter Type Conditions Min. | Max. | Unit
Voo US%(?I?:g:ting D - 2.8 3.6 \
Ve Differ:aanrfiga(la input D - 0.2 - \
Veu Diﬁer:\%r:jtzlr;r?gr;mon D _ 0.8 2.5 \
Vee Singletherz(sjr:gl((:jeption D - 1.3 2 \Y,
Vo | M omiotage | © | “Gomeseatonby. | - | 03 |V
R I el R R
Reo | PATUPATZ pulbdown | - 135 | 165 | kQ
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Symbol Parameter Type Conditions Min. Max. | Unit
PA11/PA12 pull-up
Rpu resistance D - 1.25 1.75 kQ
Table 5-37 USB dynamic characteristics
Symbol Parameter Type Conditions Min. Max. Unit
tr Rising edge D CL= 50pF 7.688 20.75 ns
t Falling edge D CL = 50pF 7.42 20.59 ns
Output signal
Vers crossover voltage D ) 1.36 2.0 v
5.4.18 ENET characteristics
Table 5-38 Ethernet SMI dynamic characteristics
Symbol Parameter Type Conditions Min. Max. Unit
tmoc MDC period D - 410 425 ns
Valid time — write data
td(mpio) D - - THeLk+8 ns
(MDIO)
Setup time — read data
tsu(MDIO) D - 24 - ns
(MDIO)
Hold time — read data
th(mpIO) D - 1 - ns
(MDIO)
tmoc —_—
ENET_MDC // \
td(MDIO)
ENET_MDIO(O) X >—
tsu(MDIO) th(MDIO)

ENET_MDIO(l)

Figure 5-19 Ethernet SMI timing diagram
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Table 5-39 Ethernet MII dynamic characteristics

Symbol Parameter Type Conditions Min. Max. Unit
Setup time — read data
tsurxp) D - 4 - ns
(RXD)
Hold time — read data D
tih(RxD) - 2 - ns
(RXD)
Setup time — data valid D
tsuipv) - 4 - ns
(BV)
Hold time — data valid D
tinov) - 2 - ns
(bV)
tsuERr) Setup time — error (ER) D - 4 - ns
tihER) Hold time — error (ER) D - 2 - ns
Valid time — transmit D
td(TXEN) - - 28 ns
enable (TXEN)
Valid time — transmit D
ta(TxD) - - 28 ns
data (TXD)

ENET_MIl_RX_CLK

ENET_MIl_RX_DV
ENET_MII_RX_ER
ENET_MII_RXD

tsu(RX_DV)
tsu(RX_ER)
tsu(RXD)

th(RX_DV)
th(RX_ER)
th(RXD)

ENET_MIl_TX_CLK

\

td(TX_EN)
td(TXD)

ENET_MIl_TX_EN
ENET_MII_TXD

Figure 5-20 Ethernet MII timing diagram

5.4.19 QSPI characteristics
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Table 5-40 QSPI electrical characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
Master mode, C =
fsck QSPI clock
D 15pF, - 36 60 MHz
1/te(sck) frequency
2.7V<Vpp<3.6V
Capacitive load: C =
tr(sck) QSPI clock rise time D - - 3 ns
15pF
Capacitive load: C =
ti(sck) QSPI clock fall time D - - 3 ns
15pF
25-
Setup time — input Pre-scaler = 2, high-
tsu(DA) D N*te(sck) - - ns
data (DAXx) speed mode
12
Hold time — input Pre-scaler = 2, high | 0+N*t¢s
th(DAi) D - - ns
data (DAX) speed mode cK)y/2
Valid time — output Master mode (after
tv(DAo) D - - 5 ns
data (DAXx) enable edge)
Hold time — output Master mode (after
th(DAo) D -5 - - ns
data (DAXx) enable edge)
QSPI_NSS
Output
SCK Output ‘7 tC(SC‘K)"% 4' ﬁ(SCK) S ‘F(SCK)

(SCKMODE:Mode 0)

SCK Output
(SCKMODE:Mode 3)

QSPI_DAX(x=0~3)
Output

) .
tv(DAo,

e
th(DAO;

S

QSPI_DAX(x=0~3)
Input

X

tsu(DA)

th(DA)

Figure 5-21 QSPI master mode timing diagram

5.4.20 ADC characteristics
Unless otherwise specified, the parameters in the table below are measured under the

ambient temperature, frcik2 frequency and Vooa supply voltage in accordance with the

conditions summarized in Table 5-4.
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Table 5-41 ADC characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
VbbpA Supply voltage C - 2.7 3.3 3.6 \Y,
VRrer+ (D Reference voltage Cc - 2.7 3.3 3.6 \Y,
fapc ADC clock frequency C - - - 48 MHz
fs Sampling frequency C - - - 3 MHz
External trigger D fanc = 48MHz - - 2.8 MHz
frriG @
frequency D - - - 17 1/fapc
VAIN Conversion voltage range C - 0 - VbbDA \Y,
RAIN External input impedance D - See equation kQ
Sampling switch
Rapc resistance D ] ) ) 1.2 0
Internal sample and hold
Capc capacitance D ] ) 3 4 PF
tsTAB Stabilization time D - - 32/fapc = us
Delay between injection
tiat trigger and conversion D - - - 512 1/fapc
start
Delay between normal
tiatr trigger and conversion D - - - 512 1/fapc
start
fanc = 48MHz 0.0729 - 5.0104 us
ts Sampling time
. 3.5 - 240.5 1/fapc
fanc = 48MHz 0.3333 - 5.2708 us
tcony _Total conversion time 16 ~ 253 (sampling ts +
(including sampling time) D - successive approximation 1/faDc
12.5)
ADCSREF =0,
C ADC reference is - 9.8 - bit
. . VDDA
ENOB Effective number of bits ADCSREF = 1,
C ADC reference is - 10.5 - bit
VREF+

1. Inthis product, Vrer+ and Vopa has dedicate pins, VRer- is internally connected to Vssa.

2. For external trigger, a delay of 1/fabc must be added.

Input impedance

Equation 3

TS

R n< - R
AN fapc*CapcXIN(27+2) Aape

The equation above (Equation 3) is used to determine the maximum external impedance

allowed for an error below 1/4 of LSB. Here N = 12 (12-bit resolution).

Table 5-42 Maximum Rain when fapc=48MHz

TS (cycles)

TS (us)

Type

Maximum Rain (kQ)

3.5

0.073

0.7
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TS (cycles) TS (us) Type Maximum Rann (kQ)
4.5 0.094 D 1.2
5.5 0.115 D 1.8
6.5 0.135 D 23
7.5 0.156 D 2.8
1.5 0.240 D 5.0
13.5 0.281 D 6.0
15.5 0.323 D 7.1
19.5 0.406 D 9.3
29.5 0.615 D 14.6
39.5 0.823 D 20.0
59.5 1.240 D 30.7
79.5 1.656 D 41.5
119.5 2.490 D 62.9
159.5 3.323 D 84.4

240.5 5.010 D 127.9

Table 5-43 ADC static characteristics, reference is VREF+

Symbol Parameter Type Conditions Typical Unit
ET Comper(?rt;?nswe c 445
frcLk1 = 96MHz,
EO Offset error C fanc = 48MHz, -4,+4
EG Gain error C Rain < 0.1 kQ, 1,42 LSB
. : Vbpa= 3.3V,
Differential . ’
ED linearity error * Ta=25°C, ADCSREF = 1, 1,42
Integral ADC reference is VREF+
EL . ; C -5,+3
linearity error
Table 5-44 ADC static characteristics, reference is VDDA
Symbol Parameter Type Conditions Typical Unit
ET Comp;ert;?nswe c 9,45
frcLk1 = 96MHz,
EO Offset error C fanc = 48MHz, -5,+4
EG Gain error C Rain < 0.1 kQ, 245 LSB
: : Vopa= 3.3V,
Differential . ’
ED linearity error c Ta=25°C, ADCSREF =0, -1,+5.5
Integral ADC reference is VDDA
EL . ) C -6,+4
linearity error

ADC Accuracy vs. Negative Injection Current: Injecting negative current on any standard
(non-robust) analog input pins should be avoided as this significantly reduces the accuracy
of the conversion being performed on another analog input. It is recommended to add a
Schottky diode (pin to ground) to standard analog pins which may potentially inject
negative current. Any positive injection current within the limits specified for linaeivy and
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Zlinaeiny in section 5.3 Absolute maximum rating does not affect the ADC accuracy.

The implications of the ADC static parameters are seen below, and the corresponding

schematic diagram is shown in Figure 5-22.

ET = Total unadjusted error: The maximum deviation between the actual and ideal
transmission curves.

EO = Offset error: The deviation between the first actual conversion and the first ideal
conversion.

EG = Gain error: The deviation between the last ideal transition and the last actual
transition.

ED = Differential linearity error: The maximum deviation between the actual step and
the ideal value.

EL = Integral linearity error: The maximum deviation between any actual conversion
and the associated line of the endpoint.

ADC output

A095

4094 —

4093 — Ideal transfer curve —uo I,

4092 —

4091 —

<

4 - ! 1
3 - | ' 1
! ! | —>—ED—=—
e = —
1 ;
I T I T I T I T I T I 22 T l T I T I T VAIN / VREFH * 4095
0 1 2 3 4 5 6 4092 4093 4094 4095

Figure 5-22 Schematic diagram of ADC static parameters
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Sample and hold ADC converter
w Rapc® .
AAﬁer:l AI NX!’—\ A’:EACA 12-b|t
VY LT WYY
L converter
Cparasitic?
VAIN I _
‘ Capc®
Parasitic
capacitance

423454

Figure 5-23 Typical connection diagram using the ADC

1. Refer to Table 5-41 for the values of Rain, Rabc and Capc.

2. Cparasiic represents the capacitance of the PCB (dependent on soldering and PCB layout quality)
plus the pad capacitance (roughly 7pF). A high Cpamasiic value will downgrade conversion
accuracy. To remedy this, fapc should be reduced.

PCB design recommendations

The decoupling of power supply must be connected as shown below. The 10nF capacitor
in the figure must be ceramic, and it should be as close as possible to the MCU chip.

Vopa

{1 Vooa

1uF//10nF —

1] Vssa

\\‘—*
1

326818

Figure 5-24 Power supply and reference power supply decoupling circuit
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5.4.21 Temperature sensor characteristics
The temperature sensor is calculated with the following equation:

Temperature equation

Value * Vpp, — of fset * 3300
4096 * Avg_Slope

TSuac = 25 +

Vopa: The Vopa voltage from the current sampling of ADC, and the unit is mV.

Offset: The conversion result obtained at 25°C, is stored in Flash space 0x1FFFF7F6,
where the typical voltage values at 25°C and 3.3V can be referenced to Vzs in Table 5-45.

Value: The conversion result from the current sampling of ADC.

Avg_Slope: The average slope (expressed in mV/°C) of the temperature and voltage curve.
For the typical values, refer to Table 5-45.

Table 5-45 Temperature sensor characteristics

Symbol Parameter Type | Conditions | Minimum | Typical | Maximum Unit
VseNsE linearity
TL with respect to C Vop = 3.3V - +5 °C
temperature
Avg_Slope Average slope Vop = 3.3V - 4.252 - mV/°C
V25 Voltage at 25°C Vop = 3.3V 1.1 1.431 2 \Y,
tSTART Setup time Vop = 3.3V - - 10 us
ADC sampling
ts_temp (V time when reading Vpp = 3.3V - 11.8 - us
temperature

1. The shortest sampling time can be determined by application through multiple circulations.

Note: temperature sensor characteristics are greatly affected by chip power consumption and

packaging

5.4.22 DAC characteristics
Table 5-46 DAC characteristics

Symbol Parameter Type Condition Min. Typ. Max. Unit
VDDA Supply voltage C - 2.7 3.3 3.6 \Y
Reference
1M -
VREF+ voltage C 2.7 3.3 3.6 \%
buff on, output
C connected to 5 - -
Qutput Vssa
Ro impedance buff on, output kQ
C connected to 5 - -
VbbA
) Lowest output
DAC_OUTmin voltage C - Vssa+0.1 - - \%
Highest output VDDA-
DAC_OUTmax voltage C ) ) ) 0.1 v
DAC static
IpbA current C - - 750 - uA
DNL Differential c - . +1 . LSB
nonlinear error
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Symbol Parameter Type Condition Min. Typ. Max. Unit
INL Integer c ; . +2 . LSB
nonlinear error
Offset Offset error C - - +1 - LSB
Gain error Gain error C - - 2 - LSB
Update rate Maximum C - - - 1 MSPS
update rate

1. Inthis product, Vrer+ and Vppa has dedicate pins, VRer- is internally connected to Vssa.

5.4.23 Comparator characteristics

Table 5-47 Comparator characteristics

Symbol Parameter Type Condition Minimum | Typical Maximum Unit
VDDA Supply voltage - 2.5 3.3 5.5 Vv
D HYST = 00, MODE = 00 - 0 - mV
D HYST = 01, MODE = 00 5.08 14.99 24.33 mV
D HYST = 10, MODE = 00 19.26 30.02 41.6 mV
D HYST = 11, MODE = 00 68.45 94.88 178.9 mV
tHYsT Hysteresis
D HYST = 00, MODE != 00 - 0 - mV
D HYST = 01, MODE != 00 0 10.67 23.15 mV
D HYST = 10, MODE != 00 17.17 28.78 40.64 mV
D HYST = 11, MODE != 00 69.29 98.03 178.9 mV
D MODE = 11 - 19 19.5 mV
D MODE = 10 - 8.7 9.2 mV
VOFFSET Offset voltage
D MODE = 01 - 8.7 8.9 mV
D MODE = 00 - 7.5 8.4 mV
D MODE = 11 48.04 97.19 171.2 ns
Propagation D MODE =10 32.3 64.49 116.3 ns
tDELAY dela
Yy D MODE = 01 18.6 35.21 64.23 ns
D MODE = 00 6.12 11.69 29.67 ns
D MODE = 00 1.50 3.78 10.47 uA
| Average D MODE = 01 2.23 5.70 16.71 uA
q working current D MODE =10 4.24 11.34 35.61 uA
D MODE = 11 14.64 41.81 130.6 uA
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6 Package dimensions

6.1 LQFP144
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Figure 6-1 LQFP144 package dimension

1. The figure is not drawn to scale.

2. Dimensions are in millimeters.
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Table 6-1 LQFP144 package dimension details

Millimeters

© Minimum Typical Maximum
A - - 1.60
A1 0.05 - 0.15
A2 1.35 1.40 1.45
A3 0.59 0.64 0.69
b 0.17 - 0.27
b1 0.17 0.20 0.23
c 0.127 - 0.18
c1 0.119 0.127 0.135
D 21.80 22.00 22.20
D1 19.90 20.00 20.10
E 21.80 22.00 22.20
E1 19.90 20.00 20.10
e - 0.50 -

L 0.45 0.60 0.75
L1 1.00REF

L2 0.25BSC
R1 0.08 - -
R2 0.08 - -

] 0° - 7°
61 0° - -
62 1° 12° 13°
62 1"° 12° 13°
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6.2

LQFP100
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Figure 6-2 LQFP100 package dimension

1.
2.

DS_MM32F5280_ver0.6

The figure is not drawn to scale.

Dimensions are in millimeters.

www.mm32mcu.com

94



Package dimensions

Table 6-2 LQFP100 package dimension details

Millimeters

© Minimum Typical Maximum
A - - 1.60
A1 0.05 - 0.15
A2 1.35 1.40 1.45
A3 0.59 0.64 0.69
b 0.17 - 0.27
b1 0.17 0.20 0.23
c 0.13 - 0.18
c1 0.12 0.127 0.134
D 15.80 16.00 16.20
D1 13.90 14.00 14.10
E 15.80 16.00 16.20
E1 13.90 14.00 14.10
e - 0.50 -
L 0.45 0.60 0.75
L1 1.00REF
L2 0.25BSC
R1 0.08 - -
R2 0.08 - 0.20
S 0.20 - -

0° 35° 7
61 0° - -
62 1"° 12° 13°
63 1° 12° 13°
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6.3 LQFP64
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Figure 6-3 LQFP64 package dimension

1.
2.

The figure is not drawn to scale.

Dimensions are in millimeters.
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Table 6-3 LQFP64 package dimension details

Millimeters
© Minimum Typical Maximum
A - - 1.60
A1 0.05 - 0.15
A2 1.35 1.40 1.45
A3 0.59 0.64 0.69
b 0.18 - 0.27
b1 0.17 0.20 0.23
c 0.13 - 0.18
c1 0.117 0.127 0.137
D 11.95 12.00 12.05
D1 9.90 10.00 10.10
E 11.95 12.00 12.05
E1 9.90 10.00 10.10
- 0.50 -
H 11.09 11.13 11.17
0.53 - 0.70
L1 1.00REF
R1 0.15REF
R2 0.13REF
0 0° 35° 7°
61 1° 12° 13°
62 1° 12° 13°
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! Revision history

Table 7-1 Revision history

Date Revision Description
1. Added limit value to I/O port characteristics
2. Added limit value to Comparator
characteristics
3. Added frequency limit value at room
temperature to LSI oscillator characteristics
4. Added V25 limit value at room temperature to
Temperature sensor characteristics
5. Added limit value at room temperature to
2022/10/12 Rev0.6 Build-in voltage reference
6. Updated Ethernet MAC, ENET characteristics
and Pinout and assignment to remove RMII
mode and related pins information
7. Updated Pin assignment table to remove
COMP3_INP7 and COMP3_INM7
8. Added notes about I/O stat after power-on
reset for general 1/0O ports and JTAG and
BOOTO related pins to Pin assignment table
2022/07/18 Rev0.5 Preliminary release
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